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Indicated for adult patients with high serum -2 Lowers elevated serum levels of | 
triglycerides (type IV hyperlipidemia) who present triglyceride-rich very-low-density lipoprotein 
a risk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-ri 
adequately to diet. low-density lipoproteins (LDL) 


Clinic al tr lals sl 1OW that Lopid m Favorably raises serum levels of high-den 
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for tr ansport of ser um lipids. placebo and no significant abnormalities in 
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Artist’s interpretation of balance 
of serum VLDL and HDL. 
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lo Therapy of Certain Dyslipidemias 


j AT IC l-regulating efhicacy: Diet, exercise and weight loss | 
; E 4 iH AER - 4... ]. are the first choice in therapy of 
ppen-label phase of US multicenter study — iijia disorders. : 
i * 
{ CI] Te of 19 lunar months *Visit every 4 weeks during long-term use 


of LOPID. 


"Data cited on this graph reflect clinical 
experience based on the multicenter trial. 
They do not imply an indication for Types 
IIa and IIb dyshipidesieas, 


verage percent change from baseline at doses ranging from 
00-1,600 mg/day, majority at 1,200 mg/day (119 patients)’ 


l. Data on file, Medical Affairs Dept, Parke-Davis. 


Total TLDI 


( de o RM (LDL+ VLDL) : »- P JM PARKE-DAVIS 


| 
TATUM 
| 
Li Ratio 
o fa’ HDL-C 
B^ A to Total-C : Z M 
Please see following page for brief summary 
)9o , " 


of prescribing information 


[] Type lla N= 34 Type llb N = 27 "s Type IV N=58 





















































, please see ful prescribing information. 
allows. T. 
| DAGNMACOLOGE LOPID is a lipid regulating agent which lowers 
serum lipids primarily by decreasing serum triglyceride with a variable 

n total serum cholesterol. These decreases occur primarily in the very 
lipoprotein (VLDL) fraction and less frequently in the low density lipo- 
_DL) fraction. In addition, LOPID may increase the high density lipopro- 
ADL) cholesterol fraction, an action considered of possible benefit to 
ion n of the atherosclerotic process. 
mechanism of action has not been definitively established. In man, LOPID 
sen shown to inhibit peripheral lipolysis and to decrease the hepatic extrac- 
of free fatty acids, thus reducing hepatic triglyceride production. LOPID also 
; ston of VLDL carrier apoprotein, leading to a decrease in VLDL 
race suggest that LOPID may, in addition to elevating HDL choles- 

e incorporation of long-chain fatty acids into newly formed triglycer- 

rate turnover and removal of cholesterol from the liver, and increase 
Li cholestero! in the feces. 
PID is well absorbed from the gastrointestinal tract after oral administration. 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours 
ing single doses and 1.3 hours following multiple doses. Plasma levels 
ar proportional to dose and do not demonstrate accumulation across time 
ing multiple doses. 
PID mainly undergoes oxidation of a ring methyl group to successively form a 
xymethyl and a carboxyl metabolite. Approximately seventy percent of the 
istered human dose is excreted in the urine, primarily as unchanged gemfi- 
. Six percent of the dose is accounted for in the feces. 
large, controlled multicenter trial of 427 patients, lipid and lipoprotein 
s tom average baseline (%) by hyperlipoproteinemic (HLP) type are sum- 

it glow: for those patients receiving gemtibrozil, 1200 mg/day, at the end of 
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HDL Cholesterol 

‘lal Choleeierci 
-4296 —44.396 — 58% 4 24.696 * 3396 
— B.696 —45.096 - 64% +19.5% +34% 
-18% — 40.8% +14.6% * 17.496 *2396 


tc fe evated d blood lipids for the prevention of coronary heart disease. Deer 
apy spe cific for the type of hyperlipidemia is the initial treatment of choice. Excess 
y weic ight and excess alcoholic intake may be important factors in hypertriglyceri- 
a and should be addressed prior to any drug therapy. Physical exercise can be 
nportant ancillary measure. Contributory diseases such as hypothyroidism or 
jetes mellitus should be looked for and adequately treated. The use of drugs 

id be considered only when reasonable attempts have been made to obtain sat- 
story results with nondrug methods. If the decision is to use drugs, the patient 

d be instructed that this does not reduce the importance of adhering to diet. 
»cause of chemical, pharmacological, and clinical similarities between gemfibro- 
nd clofibrate, and the adverse findings with clofibrate in two large clinical studies 
Narnings), use of gemfibrozil should be restricted to the following indications. 

D may be considered for the treatment of adult patients with very high serum 
eride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 

itis mm who do not respond adequately to a determined dietary effort to con- 

. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 


1D {gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 
s in Ot ub bjects. A minority of subjects show a more Seale se response. How- 
240 ‘it must be understood that there is no evidence that use of any lipid-alteri 
(Su will be beneficial in preventing death from coronary heart disease (see WARN- 
IN . Therefore, the physician should be very selective and confine gemfibrozil 
tment to patients with clearly defined risk due to severe hypercholesterolemia 
individuals with familial hypercholesterolemia starting in childhood) who inade- 
‘respond to appropriate diet and more effective cholesterol-lowering drugs. 
i ÍD is not useful for the hypertriglyceridemia of Type ! hyperlipidemia. 
~The biochemical response to gemfibrozil is variable, and it is not always possible to 
- predict from the lipoprotein type or other factors which patients will obtain favorable 
s. It is essential that lipid levels be assessed and that the drug be discontinued 
thi hree months in any patient in whom lipids do not show significant improvement. 
S of drug-induced reduction of serum cholesterol or triglyceride levels or 
tion nol HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 
is not been established. Several years may be required before ongoing long- 
estigations will resolve this question. 
ND! ATIONS. 1. Hepatic or severe renal dysfunction, including primary 


ersensitivity to gemfibrozil. 
NGS. 1. Because of chemical, pharmacological, and clinical similarities 
i genirazil and clofibrate, the adverse findings with clofibrate in two large 
A eludes may also apply to gemfibrozil. In the first of those studies, the Coro- 
amas 1000 subjects with previous myocardial infarction were treated for 
h clofibrate. There was no difference in mortality between the clofibrate- 
suis and a00 placebo-treated subjects, but twice as many clofibrate- 
4 re ts developed cholelithiasis and cholecystitis requiring surgery. In the 
. other x ho Co by the World Health Organization, 5000 subjects without 
-known oid heart disease were tr with clofibrate for five years and followed 
nd. There was a statistically significant 3696 higher total mortality in the 
than ina dede placebo-treated control group. The excess 
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. . mortality was due to noncardiovascular causes, including malignancy, postcholecys- 
3 ectomy complications, and reatitis. ` aita risk of clofibrate-treated subjects 
-gallbladder disease was confirmed 


"t 2. Long-Term Toxicity and Animal Wenoligani genicity Studies: Long-term studies have 
gel conducted in rats and mice at age ae ea eg oh human dose. The ink 
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female mice. 
Electron microscopy Ges have demondirite d a florid hepatic peroxisome Ak 
eration following LOPID administration to the male rat. Similar changes have not been 
found in the human liver. 

Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular 
bilateral cataracts occurred in 1096, and unilateral in 6.396 of the high dose males. 

3. Since a reduction of mortality from coronary artery disease has not been demon- 
strated and liver and interstitial cell testicular tumors were increased in male rats, 
LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. 

' 4. Cholelithiasis—LOPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOP 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants— Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy—Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy—Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels—LOPID is not expected to alter seasonal 
variations of higher serum lipid perm in mid-winter and late summer or the lower val- 
ues in fall and spri 

4. Impairment Fertility-— Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. 

5. Pregnancy ry B— Reproduction studies have been performed in the rat 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the 
human dose. These studies have revealed no evidence of impaired fertility in females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found 
d almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemfi- 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes—Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function— Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. 

9. Cardiac Arrhythmias—A!though no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- 
ties may occur. 

10. Use in Children— Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients, including 245 
who received LOPID for at least one year, the most frequently reported adverse reac- 
tions associated with LOPID involved the gastrointestinal system. In decreasing order 
of frequency, these were abdominal pain (6.0%), epigastric pain (4.9%), diarrhea 
(4.896), nausea (4.096), vomiting (1.696), and flatulence (1196). Other adverse reac- 
m where the probability of a causal relationship to LOPID therapy exists are listed 

system. 
uie umentary: rash, dermatitis, pruritus, urticaria 
Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painful extremities 
Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is 
difficult to establish, thus the physician should be alert to these occurrences. Reports 
of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

MANAGEMENT OF OVERDOSAGE. While there has been no reported case of over- 
dosage, symptomatic supportive measures should be taken wed it occur. 
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WORK IN 
PROGRESS 


from a university collaboration with 
Smith Kline & French Laboratories 


a leader in cardiovascular research 


Calcified atherosclerotic plaques (arrow) are visible in 
branches of the left anterior descending artery (LAD) in this 
infrared photograph of a transilluminated cleared human 
heart. The epicardial fat appears blue or green, the atria and 
right ventricular wall appear yellow and the left ventricular 
myocardium is seen as red. 


This extraordinary photographic technique enables 
investigators to study atherosclerotic plaque without 
opening or dissecting the vessels. 


Si«St 


SmithKline Beckman Corporation, 1985 
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umaglute 


gQuinidine gluconate 


— Continuous arrhythmia control 

— Well tolerated in long-term therapy’ 

— Less GI upset than with quinidine sulfate” 
— B.I.D.* dosage for uninterrupted protection 


Start the oral agent he can live with 


*Some patients may require more frequent (t.i. d.) dosing 
Please turn page for brief summary of prescribing information. 


References: 1. Selzer A: Heart Lung 1982;11:20-23. 
2. Podrid P: Patient Care 1981;15:100-132. 





(000 mWWIVATTURO ARU VORU. Uuldyrui (uiume grucurnaie) 
|... Dura-Tabs are indicated in the prevention and/or treatment of. 

d ... 4. Ventricular arrhythmias: Premature ventricular contractions, 

- — ventricular tachycardia e not associated with complete heartblock) 
— . 2, Junctional (nodal) arrhythmias: A-V junctional premature com- 
É -~ plexes, paroxysmal junctional tachycardia 3. Supraventricular (atrial) 
y 


arrhythmias: Premature atrial contractions, paroxysmal atrial lachycardia, 


atrial flutter, atrial fibrillation (chronic anc paroxysmal). 
CONTRAINDICATIONS: 1. Idiosyncrasy or hypersensitivity to quinidine 
- 2 Complete A-V block 3 Complete bundle branch block or other severe 
| intraventricular conduction defects. especially those exhibiting a marked 
- grade of QRS widening 4. Digitalis intoxication manifested by A-V 
» -Conduction disorders. 5. Myasthenia gravis. 6. Aberrant impulses and 
-. ... abnormal rhythms due to escape mechanisms 
WARNINGS: ! in the treatment of atrial flutter, reversion to sinus rhythm 
^... may be preceded by a progressive reduction in the degree of A-V block to a 
aa 11 ratio resulting in an extremely rapid ventricular rate. This possible 
. — hazard may be reduced by digitalization prior to administration of quinidine 
t. 2 Recent reports indicate that plasma concentrations of digoxin increase 


_ ON concomitant therapy should be carefully monitored. Reduction of 
~ digoxin dosage may have to be considered 
. - 8. Manifestations of quinidine NS. such as excessive prolonga- 
ire .. tion of the Q-T interval, widening of the QRS complex and ventricular 
.. lachyarthythmias mandate immediate discontinuation ol the drug and/or 
Ki B - close clinical and electrocardiographic monitoring. 
[ < 4.In susceptible individuals, such as those with marginally compensated 
Cardiovascular disease, quinidine may produce clinically important depres- 
|. __ Sion of cardiac function such as hypotension, bradycardia, or heartblock. 
1 —  Quinidine therapy should be carefully monitored in such individuals. 


Nba? 


- 5 Quinidine should be used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole may be produced 


~~ Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 


AG ae therefore should be used with caution in the presence of digitalis 
by ~ intoxication. 6 Quinidine should be used with caution in patients 
t 


~ . accumulalion of quinidine in plasma leading to toxicity. 

| 7 Patients taking quinidine occasionally have syncopal piede which 

H js -. usually result from ventricular tachycardia or fibrillation. This syndrome 

has not been shown to be related to dose or plasma levels. Syncopal 

=; episodes frequently terminate spontaneously or in response to treatment, 

^— bul sometimes are fata! 

.— B A few cases of hepatotoxicity, including granulomatous hepatitis, due to 

t. quinidine hypersensitivity have been reported in patients taking quinidine 

- — . Unexplained fever and/or elevation of hepatic enzymes, particularly in the 

early slages of therapy, warrant consideration of possible hepatotoxicity 
Monitoring liver function during the first 4-8 weeks should be considered 

.. Cessation of quinidine in these cases usually results in the disappearance 


of toxicit 
PRECAUTIONS: General: The precautions to be observed include all 
____ those applicable to quinidine A preliminary test dose of a single tablet ot 
` quinidine sulfate may be administered to determine if the patient has an 
t. idiosyncrasy to quinidine Hypersensitivity to quinidine, although rare, 
Be ~ should constantly be considered. especially during the first weeks of therapy 

- . Hospitalization for close clinical observation, electrocardiographic monitor- 
kr ere ing, and possible determination of plasma quinidine levels is indicated 
|” when large doses are used. or with patients who present an increased risk 
v . Inlormation for Patients: As with all solid oral medications, Quinaglule 
M. (quinidine gluconate) Dura-Tabs (sustained-release tablets) should be 


ee re 


" — —. taken with an adequate amount of fluid, preferably in an upright position, 
Lo to facilitate swallowin 

aor" Interactions: Drug — Etfect | 

~ Quinidine with anticholinergic drugs Additive vagolylic effect 

eT Ds Quinidine with cholinergic drugs Antagonism of cholinergic effects 
= Quinidine with carbonic anhydrase — Alkalinization of urine 

~ inhibitors, sodium bicarbonate. resulting in decreased 
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-thiazide diuretics excretion of quinidine 
© Quinidine with coumarin Reduction of clotting factor 
c... anticoagulants concentrations 
< Quinidine with tubocurare, Potentiation of neuro- 
——- -succinylcholine and decamethonium muscular blockade 


~ a Quinidine with phenothiazines Additive cardiac depressive 
__ and reserpine effects 

|. Quinidine with hepatic enzyme- Decreased plasma hall-life 

K ~- inducing drugs (phenobarbital, of quinidine 

> — phenyloin, rifampin) 

© Quinidine with digoxin increased plasma concentra- 

i Aa EA tions of digoxin (see WARNINGS) 
= Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
— _ term studies in animals have nol been performed to evaluate the 

-.— Carcinogenic potential of quinidine. There is currently no evidence ot 
NV D eder mutagenesis or impairment of fertility 

. Pregnancy: leratogenic Effects. Pregnancy Category C. Animal reproduc- 
— lion studies have nol been conducted with quinidine. There are no adequate 
t. end well-controlled studies in pregnant women. Quinaglute (quinidine 

E gluconate) Dura-Tabs should be given to a pregnant woman only if clearly 
- needed. Nonteratogenic Effects: Like quinine, quinidine has been reported 
> lo have oxytocic properties. The significance of this property in the clinical 
t. setting has not been established 

-Nursing Mothers: Caution should be exercised when Quinaglute 

^ - (quinidine gluconate) Dura- Tabs are administered to a nursing woman due 


i do passage of the drug into breast milk 
- —. Pediatric Use: There are no adequate and well-controlled studies 
-establishing the safety and effectiveness of Quinaglule (quinidine gluco- 


Eher = Dura- labs in children. 
X ET, SE REACTIONS: Symptoms of cinchonism, ringing in ears. 
= headache, nausea, and/or disturbed vision may appear in sensitive patients 

after a single dose of the drug. The most frequently encountered side 

effects to quinidine are gastrointestinal in nature. these gastrointestinal 
... effects include nausea, vomiting, abdominal pain and diarrhea 

Less frequently encountered adverse reactions: 

. Cardiovascular: Widening of QRS complex. cardiac asystole. ventricular 
. ectopic beats, idioventricular rhythms including ventricular tachycardia and 
fibrillation, paradoxical tachycardia. arterial embolism and hypotension 
m^ ores je ya anemia, hypoprothrombinemia, throm- 
on % openia (purpura), agranulocytosis 

_ Central Nervous System: Headache. fever. vertigo, apprehension. 
excitement, confusion, delirium and syncope, disturbed hearin (tinnitus 
decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
disturbed color perception, reduced vision field, photophobia, diplopia, 
night blindness, scotomata), optic neuritis — 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
Photosensitivity has also been reported. 
Hypersensitivity Reactions: Angioedema, acute asthmatic episode. 
vascular collapse, respiratory arrest, hepatic toxicity, including gran- 
ulomatous hepatitis (see WARNINGS). Although extremely rare, there have 
also been reports of lupus erythematosus in patients taking quinidine 
positive association with quinidine therapy has not been established. — 
See package insert for full information. 
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CAPOTEN enhances patients quality of life 


|_|] CAPOTEN relieves major L] Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitali 
functional capacity. and diuretic therapy. 


AEF INHIBITOR 
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FAILURE’ 
(captopril tablets) 
YOUR FIRST CHOICE 


AFTER DIGITALIS AND DIURETICS 


* Angiotensin í 

t CAPOTEN is indicated in patients with heart elite 
who have not responde d adequately tO Or Cannot 
be controlled by conventional diuretic and digitalis 
therapy. CAPOTEN is to be used with diuretics 
and digitalis 


idiacent pag 








-Precautionary guidelines 
CAPOTEN has been associated with 
. the development of neutropenia/ 

~ agranulocytosis (0.3% of 4,000 

~. A patients) or proteinuria (1.2% of 

— . 4,000 patients)" These serious side 
effects are more likely to occur in 

—.. patients with predisposing condi- 
— tions, such as renal impairment or 
—.. autoimmune disease, or in patients 
—.. receiving therapy known to suppress 
— the immune response. The following 
___ precautionary guidelines are recom- 
_ mended for all patients receiving 

— CAPOTEN: 

—— LJ Obtain urinary protein level 

_ estimates prior to initiating therapy, 

—. at monthly intervals for the first 

— nine months of treatment, and 

—— periodically thereafter 


| o Obtain WBC counts at the initia- 
-tion of therapy, at two-week intervals 
— for the first three months of treat- 
-. ment, and periodically thereafter 


— LJ Carefully review the WARNINGS 

.— and ADVERSE REACTIONS sections 
in the complete prescribing informa- 
tion, with particular attention to the 

. patient at increased risk. 


O The most frequently occurring 

.. adverse reactions are skin rash and 

- .. taste alteration; both effects are gen- 
erally mild, reversible, or self-limited. 
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— L Cannon P), Criley JM, Dzau VJ, et al: A placebo- 
ee - controlled trial of captopril in refractory chronic 

| -. . congestive heart failure. J Am Col Cardiol 

P. 19 755-763, 1983. 
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C Captopril Tablets 0 O 


INDICATIONS: Hibericwsitie -— Bocuse seri- 
ous adverse effects have been reported (see WARN- 
INGS), CAPOTEN is indicated for treatment of 
hypertensive patients who on multidrug regimens 
have either failed to respond satisfactorily or 
developed unacceptable side effects. 


Heart Failure: CAPOTEN (captopril) is indi- 
cated in patients with heart failure who have not 
responded adequately to or cannot be controlled 
by conventional diuretic and digitalis therapy. 
CAPOTEN is to be used with diuretics and 
digitalis. 

WARNINGS: Proteinuria — Total urinary pro- 
teins ^1 g/day were seen in 1.2% of patients on 
captopril; the nephrotic syndrome occurred in 
about one-fourth of these cases. About 60% of 
affected patients had evidence of prior renal dis- 
ease; the remainder had no known renal dysfunc- 
tion. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was 
continued. The BUN and creatinine were seldom 
altered in proteinuric patients. 

Membranous glomerulopathy was found in 
nearly all of the proteinuric patients on captopril 
who were biopsied and may be drug related. Most 
cases of proteinuria occurred by the eighth month 


of therapy. Patients should have urinary protei zu 1 


estimates (dip-stick on first morning 1 
quantitative 24-hour urine — the latter | 
greater precision when proteim 

and/or at low levels) before thi 
mate monthly intervals | 3 f 


plasia (probat drug rel a 
0.3% of cap = ed p 


severe ion 
impairment; about 
erythematosus o 
collagen disorder; multiple conco ant 
apy was common, including immun: 
therapy in a few cases. Daily doses « 
the leukopenic patients were re 
ticularly in view of their dimini 
tion. The neutropenia appeared 3 to 12 weeks after 
starting captopril; it developed relatively slowly, 
taking 10 to 30 days to have white blood count fall 
to its nadir; neutrophils returned to normal in 
about two weeks (other than two patients who 
died of sepsis). 

Use captopril with caution in patients 
with impaired renal function, serious auto- 
immune disease (particularly SLE), or who 
are exposed to other drugs known to affect 
the white cells or immune response. In pa- 
tients at particular risk (as noted above), 
perform white blood cell and differential 
counts prior to therapy, at about 2-week in- 
tervals for about the first 3 months of ther- 
apy, and periodically thereafter. 

The risk of neutropenia in patients who are less 
seriously ill or who receive lower dosages appears 
to be smaller. In these patients white blood cell 
counts should be performed every 2 weeks for the 
first 3 months of therapy, and periodically there- 
after. Perform differential counts when leukocytes 
are —4000/mm? or the pretherapy white count is 
halved. All patients treated with captopril should 
be told to report any signs of infection (e.g., sore 
throat; fever); if infection is suspected, perform 
counts without delay. Since discontinuation of 
captopril and other drugs has generally led to 
prompt return of the white count to normal, upon 
confirmation of neutropenia (neutrophil count 
<1000/mm?) withdraw captopril and closely 
follow the patient's course. 


Hypotension — Excessive hypotension was rarely 
seen in hypertensive patients but is a possibility in 
severely salt/volume-depleted persons such as 
those treated vigorously with diuretics (see PRE- 


INNOVATORS IN CARDIOVASCULAR MEDICINE 


. [n heart failure, "where blood. pressure was ei- 
ther normal or low, transient decreases in mean 
blood pressure >20% were recorded in about half 
of the patients. This transient hypotension may 
occur after any of the first several doses and is 
usually well tolerated, although rarely it has been 
associated with arrhythmia or conduction defects. 
A starting dose of 6.25 or 12.5 mg tid may mini- 
mize the hypotensive effect. Patients should be 
followed closely for the first two weeks of treat- 
ment and whenever the dose of captopril and/or 
diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN 
BLOOD PRESSURE IN THESE PATIENTS, 
THERAPY SHOULD BE STARTED UNDER 
VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal 
Function, Hypertension — Some hypertensige pa- 
tients with renal disease, particularly those with 
severe renal artery stenosis, have developed i in- 
creases in BUN and serum creatinine. It may be 
necessary to reduce captopril dosage and/or dis- 
continue diuretic. For some of these patients, nor- 
malization of blood pressure and maintenance of 
adequate renal perfusion may not be possible. 
Heart Failure — About 2096 of patients develop 
stable elevations of BUN and serum creatinine 
2096 above normal or baseline upon long-term 
atment. Less than 5% of patients, generally 
h severe preexisting renal disease, required 
continuation due to progressively increasing 
atinine. See DOSAGEAND ADMINISTRA- 

ADVERSE REACT JNS [Altered Lab- 
























rStenosis — A theoretical 
creased coronary perfusion, 


If hypotension occurs dur- 
r anesthesia, and is considered 
Captopril, it is correctable by 


salt restriction or nnd This possibility 


tan be minimized by either discontinuing the diu- 


retic or increasing the salt intake about 1 week 
prior to initiation of captopril therapy. 
Alternatively, provide medical supervision for at 
least 3 hours after the initial dose in hypertensive 
patients. 

Agents Having Vasodilator Activity — In heart 
failure patients vasodilators should be administered 
with caution. 

Agents Causing Renin Release — Captopril's ef- 
fect will be augmented by antihypertensive agents 
that cause renin release. 

Agents Affecting Sympathetic Activity — The 
sympathetic nervous system may be especially 
important in supporting blood pressure in pa- 
tients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further 
antihypertensive effect to captopril, but the over- 
all response is less than additive. Therefore, use 
agents affecting sympathetic activity (e.g., gangli- 
onic blocking agents or adrenergic neuron block- 
ing agents) with caution. 

Agents Increasing Serum Potassium — Give 
potassium-sparing diuretics or potassium supple- 
ments only for documented hypokalemia, and then 
with caution, since they may lead to a significant 
increase of serum potassium. 

Drug/Laboratory Test Interaction: Captopril 
may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impair- 
ment of Fertility: Two-year studies with doses 
of 50 to 1350 mg/kg/day in mice and rats failed to 
show any evidence of carcinogenic potential. Stud- 
ies in rats have revealed no impairment of fertility. 
Usage in Pregnancy: There are no adequate 
and well-controlled studies in pregnant women. 

Embryocidal effects were observed in rabbits. 

Therefore, captopril should be used during preg- 
nancy only if the potential benefit outweighs the 
potential risk to the fetus. 
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man milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, 
nursing should be interrupted. 
Pediatric Use: Safety and effectiveness in chil- 
dren have not been established although there is 
limited experience with use of captopril in chil- 
dren from 2 months to 15 years of age. Dosage, on 
a weight basis, was comparable to that used in 
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teinuria (see WARNINGS). Renal insufficiency, 
renal failure, polyuria, oliguria, and urinary fre- 
quency in | to 2 of 1000 patients. 

@ Hematologic — Neutropenia/agranulocytosis oc- 
curred in about 0.3% of captopril-treated patients 
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A reversible associated pemphigoid-like lesion, and ach c apter Is written y internationa y respect d physicians and medica scientists 
photosensitivity have also been reported. Angio- each of whom is pre-eminent in his field. All of the information has been co-ordinated 
— of Ee AN KE s e by Dr. DeBakey to produce a very readable and informative volume on the state-of-the- 
moutn, or o extremi in abou [U . . > : . 
DEA cesenüble ón dlaccatinusnce of captopril art of heart valve replacement with mechanical prostheses. No cardiologist, cardio- 
therapy. One case of laryngeal edema reported. vascular surgeon, internist, or bioengineer can afford not to be knowledgeable about 
Flushing or pallor in 2 to 5 of 1000 patients. the information in this book. 





Cardiovascular — Hypotension in about 2 of 100 
patients. See WARNINGS (Hypotension) and 








PRECAUTIONS (Drug Interactions) for discus- TA B L E O i CO N T E N T S 

EM, chose gts, and pale iarioes cach INTRODUCTION— sis actin! 

m4 Shout lof 100 "odia AUK Mum myocar- Michael E. DeBakey, MD Special Indications with Cardiac Valves 

dial infarction, Raynaud's syndrome, and conges- PART I PART V 

tive heart failure each in 2 to 3 of 1000 patients. General Overview of Cardiac Valves Implant Techniques 
 Dysgeusia — About 7 of 100 patients developed a PART Il PART VI 

diminution or loss of taste perception; taste ; i 1 

impairment is reversible and usually self-limited General Overview of the St. Jude Medical Cardiology 

even with continued drug use (2 to 3 months). Heart Valve PART VII 

Gastric irritation, abdominal pain, nausea, PART Ill Hemodynamics 

vomiting, diarrhea, anorexia, constipation, | | WE hil 

aphthous ulcers, peptic ulcer, dizziness, headache, Valve Implantation in Children 


malaise, fatigue, insomnia, dry mouth, dyspnea, 
and paresthesias reported in about 0.5 to 296 of 
patients but did not appear at increased frequency 
compared to placebo or other treatments used in 


CONTRIBUTORS INCLUDE 





: Mauro Abbate P. Di Francesco Thomas E. Kersten Giovanni Paolini 
v^ qaae Franz W. Amann C. Doutremepuich Robin H. Kinsley Leonardo Patane 
pci T aE cria dl Manuel J. Antunes Henri Dupon Reiner Korfer Phillipe Patra 
relationship has been established. Rarely Kit V. Arom D. Duveau Morris N. Kotler penes rane 

A cholestatic jaundice and hepatocellular injury with P. Barzellotti Robert Emery Gerald M. Lawrie John Ross 
secondary cholestasis, have been reported. A tran- Enrico Baruffi Manuel R. Estioko Jean-Louis LeClerc L. Rozo 
sient elevation of BUN and serum creatinine may Giuseppe Battaglia F. Fabbrizzi William G. Lindsay Robert M. Sade 
a occur, especially in volume-depleted or Eugene M. Baudet Rocco Gallo Robert S. Litwak D. Leonardo Salvatore 
renovascular hypertensive patients. In instances Marco Beneditti Maurizio Gentile Alberto Lomeo Stephen Sanders 
cA ss ari e nues qi or M Deiter Burckhardt Carl C. Gill J. L. Michaud Lester R. Sauvage 
rate may decrease transiently also resulting in Jorge L. Camunas Filippo Giordano Bruce P. Mindich Ake Senning 
transient rises in serum citadnite and BUN. Small R. Carlier Erich Gradel Gary S. Mintz Yukiyasu Sezai 
increases in serum potassium concentration fre- E. Stanley Crawford Richard J. Gray Orazio Monaco Norman E. Shumway 
quently occur, especially in patients with renal Luigi C. D'Alessandro  Joachum Hasse George C. Morris Albert Starr 
impairment (see PRECAUTIONS). Michael E. DeBakey ^ Andreas Hoffmann Angelo Moschetto S. Subramanian 
OVERDOSAGE: Primary concern in correction Doriano DeLuca Dieter Horstkotte Demetre M. Nicoloff M. Train 
of hypotension. Volume expansion with an I.V. in- Phillipe Despins Jimmy F. Howell William F. Northrup, I| Francis Wellens 
fusion of normal saline is the treatment of choice Frank E. Deuvaert Roy A. Jurado F. Ortisi Frank P. Williams 
for restoration of blood pressure. Captopril may Maria Diaz Robert B. Karp loannis Panidis Y-Ren Woo 
dea Van cm from the general circulation by Ajit P. Yoganathan 
emodialysis. 

DOSAGE AND ADMINISTRATION: CAP- SPOTS ANGE 


OTEN (captopril) should be taken one hour before 
meals. In hypertension, CAPOTEN may be dosed 
bid or tid. Dosage must be individualized; see DOS- 
AGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage 
in hypertension and in heart failure. Because CAP- 
OTEN (captopril) is excreted primarily by the kid- 
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BL. 1 Value and Limitations of Exercise Radionuclide Angiography for Detecting Myocardial Ischemia in 
E  Healed Myocardial Infarction 
E | GARY D. PLOTNICK, LEWIS C. BECKER, and MICHAEL L. FISHER 
E Exercise radionuclide angiography was performed in 65 normal subjects (group |), in 31 patients with exercise- 
T induced transient thallium defects after acute myocardial infarction (AMI) (group II), and in 16 post-AMI patients 
PEE without exercise-induced transient thallium defects, angina or electrocardiographic changes (group Ill). Although 
P. the mean left ventricular ejection fraction response to exercise in group Ill closely resembled that of normal 
ms subjects and was significantly different from that of group II, there was considerable individual variation. An ab- 
ET normal ejection fraction response to exercise was found in 6 (996) group ! patients, 26 (8496) group II patients 
rfi and 2 (13%) group Ill patients. New regional wall motion abnormalities were found in none of the group | pa- 
B tients, in 16 (52%) group II patients and in only 1 (696) group III patient. The development of a new wall motion 
Es fi abnormality in the post-AMI patient was a relatively specific but insensitive indicator of myocardial ischemia. 


a . 8 Regional Left Ventricular Wall Motion Assessment: Comparison of Two-Dimensional 


of Echocardiography and Radionuclide Angiography with Contrast Angiography in Healed Myocardial 
k Infarction 
jx ANTHONY P. FREEMAN, ROBERT W. GILES, WARREN F. WALSH, RICHARD FISHER, 


"ut I. PROVAN C. MURRAY, and DAVID E.L. WILCKEN 

[a 

ke $ Two-dimensional echocardiography (2-D echo) and radionuclide angiography (RNA) were used to assess region- 
E al wall motion in 52 consecutive patients with a history of myocardial infarction. Both 2-D echo and RNA showed 
i 4 close agreement with biplane contrast angiography for anterobasal, anterolateral and apical segments but lower 
Be agreement levels for the septum, inferior, posterobasal and posterolateral segments. Sensitivity in detecting 
EN wall motion abnormalities was highest for 2-D echo and RNA in the anterolateral and apical segments and lowest 
E in the interior segment. Specificity was high for all 7 left ventricular wall segments. Discrepancies of wall motion 
Ey. A grade with 2-D echo and RNA occurred more frequently in posterobasal, posterolateral and inferior segments. 
E. It is concluded that in comparison with contrast angiography, 2-D echo and RNA are relatively less sensitive in 
d detecting wall motion abnormalities involving inferior, posterobasal and posterolateral segments of the left 
wg ventricle, but are reliable for evaluating the more common anterior and apical wall motion abnormalities. 

~ 13 Influence of R-Wave Amplitude on Exercise-induced ST Depression: Need for a “Gain Factor" 


b Correction When Interpreting Stress Electrocardiograms 


MILTON HOLLENBERG, MATEO GO, Jr., BARRY M. MASSIE, JUDITH A. WISNESKI, and 
EDWARD W. GERTZ 


io. Two quantitative, independent methods of assessing myocardial ischemia were used to determine whether R- 
Y , wave amplitude influences the degree of exercise-induced ST-segment depression. A computer-derived tread- 
as mill exercise score (TES) correlated well with a thallium exercise score over a wide range of values (r = 0.71, 
ie p <0.001). A corrected TES was then derived by adjusting the magnitude of the ST depression to a standardized 
F R-wave amplitude to see whether its correlation with the thallium exercise score would improve. The 85 patients 


were separated into 2 groups by R-wave amplitude, 53 with Rys from 9 to 17 mm and 32 with Rys <9 mm or >17 
mm. In the 32 patients with the more extreme voltage (Rys <9 mm or >17 mm), R-wave correction of the TES 


p . : Continued on page A21 
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Transderm-Nitro 


nitroglycerin 
24-hour systems: 2.5 mg, 5 mg, 10 mg, 15 mg | 





Tra 
y vri d Therapeutic System 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, 
SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the 
FDA for the prevention and treatment of angina pectoris 


due to coronary artery disease. The conditional approval 
reflects a determination that the drug may be marketed 
while further investigation of its effectiveness is under- 
taken. A final evaluation of the effectiveness of the product 
will be announced by the FDA. 


CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure. 
WARNINGS 

In pue with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage 
and frequency of verd ap must be gradually reduced over a 
period of 4 to 6 weeks to prevent sudden withdrawal reactions, 
lay are Characteristic of all vasodilators in the nitroglycerin 
Class. 

Transdermal preven systems should be removed 
before attempting defibrillation or cardioversion because of the 
potential for altered electrical conductivity which may enhance 
the possibility of arcing, a phenomenon associated with the 
use of defibrillators. 

PRECAUTIONS 

Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should 
be reduced or use of the product discontinued. 

Transderm-Nitro system is not intended for immediate relief 
of anginal attacks. For this purpose occasional use of the 
Sublingual preparations may be necessary. 

ADVERSE REACTIONS 
Transient headaches are the most common side effect, espe- 





- Clally when higher doses of the drug are used. These head- 


aches should be treated with mild analgesics while Transderm- 
Nitro therapy is continued. When such headaches are unre- 
sponsive to treatment, the nitroglycerin dosage should be 
reduced or use of the product discontinued. 

Adverse reactions reported less i ed include hypoten- 
sion, increased heart rate, faintness, flushing, dizziness. 
nausea, vomiting, and dermatitis. These symptoms are attrib- 
utable to the known pharmacologic effects of nitroglycerin, 
but may be a eors of overdosage. When they persist the 
dose should be reduced or use of the product discontinued. 
DOSAGE AND ADMINISTRATION 
el should be initiated with application of one Transderm- 
Nitro 5 system to the desired area of skin. Many patients prefer 
the chest: if hair is likely to interfere with system adhesion or 
removal, it can be clipped prior to placement of the system. 
Each system is designed to remain in place for 24 hours, and 
each successive application should be to a different skin area. 
Transderm-Nitro system should not be applied to the distal 
parts of the extremities. 

The usual dosage is one Transderm-Nitro 5 system every 24 
hours. Some patients, however, may require the Transderm- 
Nitro 10 system. If a single Transderm-Nitro 5 system fails to 
provide adequate clinical response, the patient Should be in- 
structed to remove it and apply either two Transderm-Nitro 5 
Systems or one Transderm-Nitro 10 system. More systems may 
be added as indicated by continued careful [Donny of clini- 
cal response. The Transderm-Nitro 2.5 system is useful princi- 
pally for iore the dosage gradually, though it may 
provide adequate therapy for some m when used alone. 

The optimal dosage should be selected based upon the clini- 
cal response, side effects, and the effects of therapy upon 
blood pressure. The greatest attainable decrease in resting 
blood pressure that is not associated with clinical symptoms of 
hypotension especially during orthostasis indicates the optimal 
dosage. To decrease adverse reactions, the size and/or number 
of systems should be tailored to the individual patient's needs. 

Do not store above 86°F (30°C). 

PATIENT INSTRUCTIONS FOR APPLICATIONS 
A patient leaflet is supplied with the systems. 


HOW SUPPLIED 

Transderm- Total 

Nitro System Nitro- 

Rated Release reri System Carton 

in vivo in System Size Size 

2.5mg/24hr  12.5mg 5 cm? 30 Systems 
(NDC 0083-2025-26) 

5 mg/24 hr 25 mg 10 cm? 30 Systems 
(NDC 0083-2105-26) 

5 mg/24 hr 25 mg 10 cm? 7 eim 
(NDC 0083-2105-07) 

10 mg/24 hr 50 mg 20 cm? 30 Systems 
(NDC 0083-2110-26) 

15 mg/24 hr 75 mg 30 cm? 30 oe by 
(NDC 0083-21 15-26) 

Dist. by: 


CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 
Summit, New Jersey 07901 
C84-7 (Rev. 2/84) 


All transdermal nitroglycerin products are, 
being marketed pending final evaluation 
of effectiveness by the FDA. (See Brief 
Summary of Prescribing Information.) 


© 1985, CIBA 629-7924-A 
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what you're reading, 
you'll love 

what you'll be watching 


The American Journal of Cardiology does more than just print the best in 
authoritative articles on cardiovascular treatment. Now it puts them on video- 
tape. And the introductory videocassette is yours. Free. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC Video Report will 
feature lively, highly-visualized discussions with noted cardiovascular spe- 
cialists and authors of the most important articles appearing each month in The 
American Journal of Cardiology. And it will extend the utility of the articles by 
exploring their application in clinical practice. 

The introductory, 45-minute videocassette will feature special guest Donald 
C. Harrison, MD, and guest authors discussing three important topics: 


(_] Analysis of spontaneous variability of ventricular arrhythmias: consecutive 
ambulatory ECG recordings of 110 patients with ventricular tachycardia; 


[ Doppler diagnosis of valvular aortic stenosis in patients over 60 years of 
age; and 

C Routine preoperative exercise testing in patients undergoing major non- 
cardiac surgery. 
AJC Video Report will be produced on a regular basis starting this Fall. 
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To order your free, introductory videocassette, just complete this coupon 
and send it to: Joyce Sturges, AJC Video Report, The Yorke Medical Group, 
875 Third Avenue, New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, so act now. C1J 
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Medical specialty 
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[]VHS Beta [IPAL [SECAM [13/4" 


x T 
3 
y EU 
ont > 
———<——S a E EES SSS See eee ee ee ee eee eS 


at the same time. 


Why compromise drug delivery to 
monitor cardiac output or the other 
way around? Now there's a true 
five-Iumen thermodilution catheter that 
lets you do both at the same site 
simultaneously. Its new from Gould... 
for added convenience and patient 
safety in critical care. 


But that's not all that's unique 
about the PentaCath.™ Its circular 
lumen design increases interlumen 
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measuring right ventricular pressure 
when clinical situations demand it. 
With all PentaCath models, you can 
monitor right atrial, pulmonary artery 
and pulmonary capillary wedge 
pressures as well. 


The PentaCath is heparin bonded 
to reduce thrombogenicity. Balloon 
quality is exceptional, with excellent 
symmetry and total tip coverage for 
better protection against ventricular 
irritation. 


Combined with Gould's advanced, 
portable Hemodynamic Profile 


asc ue KL the PentaCath offers 
greater convenience, accuracy and 
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enhanced patient care. Without 
compromise. 


For more details, contact your Gould 
sales representative or call Gould 
directly at one of the toll-free numbers 
listed below. 


Gould Inc., 

Cardiovascular Products Division 
1900 Williams Drive 

Oxnard, California 93030 

(800) 235-5945 

In California, call (800) 631-7015 

In Alaska and Hawaii, call 

(805) 983-1300 collect 
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Electronics 


Many anxious patients 
have cardiovascular 
symptoms of anxiety. 





Xanax rapidly relieves anxiety... 


In double-blind, four-week, clinical trials 
in 976 patients with moderate to severe 
anxiety, therapy with XANAX was com- 
pared with placebo! 

XANAX was significantly more effec- 
tive (p<0.001) than placebo in relieving 
the anxiety, with over half of the patients 
showing marked to moderate improve- 
ment by the first evaluation period (one 
week). 





...including cardiovascular ..and depressive 
symptoms of anxiety. .. sym ptoms of anxiety. 


Most patients in the study had cardio- Over 70% ofthese patients experienced 
vascular symptoms even though cardio- moderate to severe depressed mood. 
vascular disease was ruled out XANAX XANAX was shown to be significantly 
was shown to effectively relieve anxiety more effective (p<0.014) than placebo in 
_including the accompanying cardiovas- improving depressed mood. 
cularsymptoms. | Cohn IB: Multicenter double-blind efficacy and safety study comparing alprazolam. 


diazepam and placebo in clinically anxious patients. | Clin Psychiatry 1981:42:347-351 
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Please see next page for brief summary of prescribing information. © 1984 The Upjohn, Company 
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E Patients with sensitivity to this drug or other SOREN tha ders in acute narrow 
RA: angle glaucoma. 


S |. WARNINGS 


$ _ Notof. value in psychotic patients. Caution patients against hazardous occupations 
E requiring complete mental alertness and about the simultaneous ingestion of 
-alcohol and other CNS depressant drugs. 

= Benzodiazepines can cause fetal harm in pregnant women. Warn patients of 
£ the potential hazard to the fetus. Avoid during the first trimester 


. PRECAUTIONS 

General: The dosage of XANAX Tablets should be reduced or withdrawn grad- 

ually, since withdrawal seizures have been reported upon abrupt withdrawal. If 
E $ XANAX is combined with other psychotropics or anticonvulsant drugs. consider 

- drug potentiation. (See Drug Interaction section.) Exercise the usual precautions 
bs, regarding size of the prescription for depressed or suicidal patients. In elderly 
"X and debilitated patients, use the lowest possible dosage. (See Dosage and 

L Administration. . Observe the usual precautions in treating patients with impaired 

- renal or hepatic function. 


. “Information for Patients: Alert patients about: (a) consumption of alcohol and 
pores (b) possible fetal abnormalities. (c) operating machinery or driving. (d) not 
_ increasing dose of the drug due to risk of dependence. (e) not stopping the drug 
E abruptly. Laboratory Tests: Not ordinarily required in otherwise healthy patients. 
aces Interactions: Additive CNS depressant effects with other psychotropics. anti- 
-convulsants. antihistamines, ethanol and other CNS depressants. Pharma- 
. cokinetic interactions with benzodiazepines have been reported. Drug/Laboratory 
-Test Interactions: No consistent pattern for a specific drug or specific test. Carcinogenesis, 
sd - Mutagenesis. Impairment of Fertility: No carcinogenic potential or impairment of 
fertility in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 
E ‘mother on benzodiazepines may be at some risk for withdrawal symptoms and 
: neonatal flaccidity. Labor and Delivery: No established use. Nursing Mothers: 
Benzodiazepines are excreted in human milk. Women on XANAX should not 
5k nurse. Pediatric Use: Safety and effectiveness in children below the age of 18 have 
A not been established. 


_ ADVERSE REACTIONS 
` Side effects are generally observed at the beginning of therapy and usually dis- 
n F pebpear with continued medication. In the usual patient. the most frequent side 
bs - effects are likely to be an extension of the pharmacological activity of XANAX. 
| —eg. drowsiness or lightheadedness. 
= Central nervous system: Drowsiness. lightheadedness, depression. headache. 
S confusion. insomnia. nervousness. syncope. dizziness. akathisia, and tiredness/ 
sleepiness. 
- — Qastrointestinal: Dry mouth. constipation. diarrhea, nausea/vomiting, and 
= increased salivation. 
"d — Cardiovascular. Tachycardia/palpitations. and hypotension. 
= Sensory: Blurred vision. 
`- Musculoskeletal: Rigidity and tremor. 
__ Cutaneous: Dermatitis/allergy 
e - Other side effects: Nasal congestion. weight gain. and weight loss. 
v» 


s 






- |naddition.the following adverse events have been reported with the use of 
b: ec benzodiazepines: dystonia. irritability, concentration difficulties. 
[E^ anorexia. loss of coordination. fatigue. sedation. slurred speech. jaundice. 
. musculoskeletal weakness. pruritus. diplopia, dysarthria. changes in libido. 
. Menstrual irregularities. incontinence and urinary retention. 
-Paradoxical reactions such as stimulation. agitation. increased muscle spasticity, 
i sleep disturbances. and hallucinations may occur Should these occur discontinue 
| the drug 
NEN During prolonged treatment. periodic blood counts. urinalysis, and blood 
i chemistry analysis are advisable. Minor EEG changes. of unknown significance. 
. have been observed. 


E DRUG ABUSE AND DEPENDENCE 
Physical and Psuchological. Dependence: Withdrawal symptoms have occurred follow- 
_ ing abrupt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
is upon rapid decrease or abrupt discontinuation of therapy. In all patients. 
P dosage should be gradually tapered under close supervision. Patients with a 
fee) history of seizures or epilepsy should not be abruptly withdrawn from XANAX. 
E Addiction-prone individuals should be under careful surveillance. Controlled 
9 | Substance Class: XANAX is a controlled substance and has been assigned to 
K - schedule IV. 


“bis 


_ DOSAGE AND ADMINISTRATION 
The usual starting dose is 0.25 to 0.5 mg. t i.d. Maximum total daily dose is 
- 4mg.Inthe elderly or debilitated. the usual starting dose is 0.25 mg, two or three 
. times daily Reduce dosage gradually when terminating therapy. by no more 
$*. . than one milligram every three days. 


| CAUTION: FEDERAL LAW PROHIBITS DISPENSING WITHOUT 
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changed the regression line from one that differed from patients with less extreme Rys voltage to one that was 
indistinguishable from it, and increased the correlation coefficient from 0.54 to 0.68. Thus, the degree of exer- 
cise-induced ST-segment depression is influenced by R-wave amplitude and, if not adjusted downward or up- 
ward to a standard voltage, may either exaggerate or underestimate the degree of exercise-induced myocardial 
ischemia. 


Different Susceptibility to Myocardial Ischemia Provoked by Hyperventilation and Cold Pressor Test 
in Exertional and Variant Angina Pectoris 


FILIPPO CREA, GRAHAM DAVIES, SERGIO CHIERCHIA, FRANCO ROMEO, RAFFAELE BUGIARDINI, 
JUAN CARLOS KASKI, BEN FREEDMAN, and ATTILIO MASERI 


The response to hyperventilation (HV) and cold pressor test (CPT) was evaluated in 20 patients with exertional 
angina and in 14 patients with variant angina. In patients with exertional angina, CPT produced ST-segment de- 
pression in 6 (30%) and HV in 1 (5%) (p <0.05). Conversely, in patients with variant angina, HV produced ST- 
segment elevation in 11 (78%) and CPT in 2 (14%) (p <0.01). Thus, the 2 groups of patients have a significantly 
different susceptibility to stimuli known to provoke coronary vasoconstriction. 


Reciprocal Electrocardiographic Changes in Acute Myocardial Infarction 


DAN TZIVONI, ADRIAN CHENZBRAUN, ANDRE KEREN, JESAIA BENHORIN, SHMUEL GOTTLIEB, 
EVA LONN, and SHLOMO STERN 


The mechanism of reciprocal changes in the acute stage of transmural myocardial infarction was evaluated by 
comparing these changes to the presence or absence of ischemic changes in the same electrocardiographic 
leads during right atrial pacing performed before hospital discharge in 137 consecutive patients. Eighty-three pa- 
tients (6196) had reciprocal ST depression in the opposite wall and 54 did not. Of the 54 without reciprocal 
changes only 5 (996) had ST depression during pacing; however, of the 83 with reciprocal changes, 41 (4996) 
had ischemic changes during right atrial pacing (p <0.01), indicating that residual myocardial ischemia occurs 
more often in patients with reciprocal changes. During a 6-month follow-up, angina pectoris and recurrent in- 
farction were significantly more frequent in those with reciprocal changes and ischemic ST depression during 
pacing, indicating that in this group of patients, the reciprocal changes represent true ischemia of the opposite 
or adjacent wall; however, these changes are probably induced by a ''mirror image" mechanism in those with 
reciprocal changes by negative pacing responses. Thus, it is assumed that in different patients reciprocal 
changes during acute myocardial infarction may be due to different mechanisms, mirror image and ischemia. 


Atrial Fibrillation in Acute Myocardial Infarction 


TETSURO SUGIURA, TOSHIJI IWASAKA, AKIO OGAWA, YOSHIHACHIRO SHIROYAMA, 
HISAKO TSUJI, HIDEKI ONOYAMA, and MITSUO INADA 


One hundred two patients with acute myocardial infarction were studied to elucidate the genesis and the effect 
of atrial fibrillation. Discriminant analysis was used to determine the important variables contributing to atrial fi- 
brillation and hospital mortality based on the following variables: cardiac output, pulmonary capillary wedge 
pressure, right atrial pressure, systolic blood pressure, age, location of infarction, sex and pericarditis. Pulmo- 
nary capillary wedge pressure, right atrial pressure and age were important for atrial fibrillation, whereas pulmo- 
nary capillary wedge pressure and age were important for hospital mortality. This study suggests hemodynamic 
change imposed on left atrium and aging are the major factors related to the occurrence of atrial fibrillation and 
the hospital mortality. 


Factors Associated with Progression of Coronary Artery Disease in Patients with Normal or Minimally 
Narrowed Coronary Arteries 


ALAIN MOISE, PIERRE THEROUX, YVES TAEYMANS, and DAVID D. WATERS 


The clinical and angiographic factors associated with progression of coronary artery disease were studied in a 
population of 51 consecutive patients with normal or minimally diseased («5096 stenosis) coronary vessels on 
a first angiogram who underwent repeat catheterization after a mean of 52 months. Progression occurred signifi- 
cantly more frequently in patients with minimal disease on the first angiogram than in patients with normal coro- 
nary arteries. By multivariate analysis, progression was predicted by the number of diseased coronary artery 
segments in a 15-segment coding system and by the presence of lifestyle-related risk factors (smoking habit and 
serum cholesterol value). dg re Se 
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35 Efficacy of Carvedilol (BM14,190), A New Beta-Blocking Drug with Vasodilating Properties, in 
| Exercise-Induced Ischemia 


JAUN CARLOS KASKI, LUIS RODRIGUEZ-PLAZA, JOHN BROWN, and ATILLIO MASERI 


The exercise response to therapy with a single oral dose of a new -blocking agent, carvedilol (BM 14, 190), 
which also has potent vasodilating properties, was studied in 15 patients with stable angina, positive exercise 
test response and coronary artery disease. A single-blind, randomized, crossover study design was used. After 
carvedilol administration, 10 of 15 patients had no angina at peak exercise (p <0.01). Exercise duration was sig- 
nificantly prolonged (both at peak exercise and at 1 mm of ST depression) and peak ST depression was reduced 


compared with placebo (p «0.01). Systolic blood pressure and the heart rate-blood pressure product were re- 


duced during exercise (p <0.05), whereas peak heart rate did not change significantly. Four patients had less ST 
depression and no angina after carvedilol although they achieved a higher heart rate-blood pressure product at 
peak exercise. Carvedilol appears to be effective therapy for exertional angina, and this may be related to its 


combined Ó-blocking and potent vasodilator properties. 


41 Coronary Hemodynamic Responses During Spontaneous Angina in Patients With and Patients Without 


Coronary Artery Spasm 


ROBERT G. MACDONALD, ROBERT L. FELDMAN, JAMES A. HILL, C. RICHARD CONTI, and 
CARL J. PEPINE 


The mechanisms responsible for spontaneous angina were evaluated in 13 patients. Systemic and left ventricu- 
lar hemodynamic values, coronary venous flows, selected electrocardiographic leads and coronary angiograms 
were monitored before and during spontaneous angina. During spontaneous angina, 5 patients had coronary ar- 
tery spasm, decreased coronary sinus or regional blood flow, and increased coronary resistance and ratio of 
double product to coronary blood flow. In contrast, 8 patients had no appreciable change in their coronary angio- 
grams. These patients had a preponderance of multivessel coronary artery disease, and there was no consistent 
pattern of change in any of the evaluated coronary hemodynamic variables. In patients with spontaneous angina 


but no coronary artery spasm, a uniform mechanism for ischemia was not apparent. 


47 Acute Hemodynamic and Electrophysiologic Effects of Propranolol in Patients Receiving Diltiazem 


CHRISTOPHER L. WOLFE, GREGORY D. TILTON, L. DAVID HILLIS, NAYER EL ASHRAM, and 
MICHAEL D. WINNIFORD 


Since the combined use of a -adrenergic blocking agent and a calcium antagonist may be beneficial in some 
patients with severe angina, the acute hemodynamic and electrophysiologic effects of intravenous propranolol 
were studied in the presence and absence of oral diltiazem. In 22 patients (12 receiving diltiazem and 10 not re- 
ceiving diltiazem) hemodynamic and electrophysiologic variables were measured before and 5 minutes after in- 
travenous propranolol (0.1 mg/kg). Cardiac index and left ventricular peak dP/dt decreased and left ventricular 
end-diastolic pressure rose similarly in both groups. Mean systemic arterial pressure was unchanged. Proprano- 
lol caused a similar reduction in heart rate and increase in atrio-His conduction in both groups. Thus, when 
given to patients with normal or only mildly depressed left ventricular systolic function, the hemodynamic and 
electrophysiologic effects of intravenous propranolol are similar in those receiving and those not receiving 


oral diltiazem. 


51 Routine Preoperative Exercise Testing in Patients Undergoing Major Noncardiac Surgery 


NATHAN H. CARLINER, MICHAEL L. FISHER, GARY D. PLOTNICK, HADLEY GARBART, 
AARON RAPOPORT, MICHAEL H. KELEMEN, GEORGE W. MORAN, THOMAS GADACZ, and 
ROBERT W. PETERS 


A prospective study of preoperative exercise testing was carried out in 200 patients older than 40 years sched- 
uled for elective major noncardiac surgery under general anesthesia. These patients were followed in serial pre- 
and postoperative electrocardiograms (ECGs) and determinations of serum creatine kinase (CK) and CK-MB 
levels. Three patients (1.5%) died postoperatively, 3 (1.596) had a myocardial infarction and 27 (1496) had 
suspected myocardial ischemia/injury. These endpoint events were more common in patients with abnormal 
(positive or equivocal) exercise test results than in those with negative results (27 96 vs 1496); however multivar- 
iate analysis revealed that the exercise test was not a statistically significant independent predictor of risk. The 
only statistically significant independent predictor of risk was the preoperative ECG. Endpoint events were more 
frequent in patients with an abnormal than in those with a normal preoperative ECG (23% vs 7%, p <0.002). 
These data suggest that preoperative exercise testing does not provide enough additional information predictive 


of postoperative risk to justify its routine use as part of the preoperative evaluation. 
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59 Interhospital Transport of Patients with Ongoing Intraaortic Balloon Pumping 


JOSEPH LoCICERO Ill, RENEE S. HARTZ, JOHN H. SANDERS, Jr., DAVID C. HUETER, 
TIMOTHY J. MCDONOUGH, and LAWRENCE L. MICHAELIS 


During a 5-year period (1979 to 1983), 50 consecutive patients with continuous intraaortic balloon (IAB) pumping 
were transferred from Evanston Hospital to Northwestern Memorial Hospital (16 miles) where they underwent 
cardiac operation. Indications for IAB were: cardiogenic shock in 9 patients, postinfarction angina in 18, un- 
stable angina in 9, evolving myocardial infarction in 3, accelerating angina or hemodynamic instability during 
cardiac catheterization in 9, and prophylactic insertion for high-grade left main stenoses in 2. Transportation 
after stabilization was uneventful in all patients. All patients underwent operative coronary revascularization. 
Three patients (696) died postoperatively. Interhospital transfer with IAB pumping in progress should not be re- 
stricted to patients with cardiogenic shock, but can be effectively used for all patients requiring preoperative IAB 
insertion. It should be a therapeutic adjunct in any hospital treating acute cardiac patients where there are physi- 
cians skilled in IAB insertion and management and may be instituted without regard for the necessity to transport 
to another facility. 


62 Coronary Atherosclerosis and Antecedent Risk Factors: Pathologic and Epidemiologic Study in 
Hisayama, Japan 


NORIYA OKUMIYA, KENZO TANAKA, KAZUO UEDA, and TERUO OMAE 


Pathologic and epidemiologic study of coronary atherosclerosis was performed on 281 autopsy subjects aged 
40 and older in Hisayama, Japan. Grading of coronary atherosclerosis was made by the degree of luminal steno- 
sis. Seven selected factors such as age, gender, mean arterial blood pressure, serum total cholesterol, body 
mass index, alcohol intake and cigarette smoking were all given attention. The severity of coronary atheroscle- 
rosis revealed age-related progression. Coronary atherosclerosis correlated positively with antecedent elevated 
blood pressure and with higher serum total cholesterol levels. In multivariate analysis, factors that significantly 
and positively correlated with coronary atherosclerosis were age, mean arterial blood pressure, serum total cho- 
lesterol, gender and body mass index in this order. The overall contribution of 7 selected factors to coronary ath- 
erosclerosis was nearly 33.5% of the total variation by the analysis of the multiple regression model. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


67 Analysis of the Spontaneous Variability of Ventricular Arrhythmias: Consecutive Ambulatory 
Electrocardiographic Recordings of Ventricular Tachycardia 


CRAIG M. PRATT, DONALD J. SLYMEN, ANN M. WIERMAN, JAMES B. YOUNG, 
MARILYN J. FRANCIS, A. ALLEN SEALS, MIGUEL A. QUINONES, and ROBERT ROBERTS 


This study reports analysis of the variability of complex ventricular arrhythmias in a cohort of 110 patients with 
ventricular tachycardia (VT) enrolled in investigational antiarrhythmic drug trials, based on 4 continuous days of 
placebo ambulatory electrocardiographic recording. Using analysis of variance, minimum percent reductions 
of ventricular premature complexes (VPCs) and VT were calculated to establish ‘‘drug effect" at a confidence 
level of 0.05. Arrhythmia variability was analyzed for the potential independent influences of coronary artery dis- 
ease (CAD), left ventricular ejection fraction and frequency of VT, which were then considered independently 
by multiple regression analysis. A new observation from this analysis is that patients with CAD have higher VPC 
variability than non-CAD patients (p <0.01). Likewise, patients with frequent VT runs (10 or more VT runs/day) 
have greater variability than previously reported, thus requiring a greater VT reduction to establish “drug 
effect." 


73 Effects of High Stimulation Current on the Induction of Ventricular Tachycardia 


FRED MORADY, LORENZO A. DICARLO, Jr., L. BING LIEM, RYSZARD B. KROL, and 
JEFFREY M. BAERMAN 


Programmed stimulation with up to 3 extrastimuli was performed in 41 patients, first at a current strength of 
twice diastolic threshold, then at 10 mA. In 26 patients without inducible ventricular tachycardia (VT) at twice 
diastolic threshold, VT was induced by programmed stimulation at 10 mA in 16 of 26 patients (6296). In 4 of 16 
patients, twice-diastolic-threshold stimuli did not induce VT despite ventricular capture at the same coupling in- 
tervals that induced VT at 10 mA. Among 15 patients with inducible VT at twice diastolic threshold, VT was not 
inducible by programmed stimulation at 10 mA in 3 of 15 patients (2096), despite ventricular capture at the same 
coupling intervals that induced VT at twice diastolic threshold. Therefore, programmed stimulation at a current 
strength of 10 mA may either facilitate or prevent the induction of VT. In some cases, the effects of a high cur- 
rent strength are mediated through a mechanism other than a shortening of ventricular refractoriness. 
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TRANDATE-" Tablets 
(labetalol hydrochloride) 
Brief summary of prescribing information 


INDICATIONS AND USAGE: TRANDATE® (labetalol hydrochloride) 
Tablets are indicated in the management of hypertension. TRANDATE 
Tablets may be used alone or in combination with other antihypertensive 
agents, especially thiazide and loop diuretics. 


CONTRAINDICATIONS: TRANDATE® Tablets are contraindicated in 
bronchial asthma, overt cardiac failure, greater than first degree heart 
block, cardiogenic shock, and severe bradycardia (see WARNINGS). 


WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital com- 
ponent supporting circulatory function in congestive heart failure. Beta 
blockade carries a potential hazard of further depressing myocardial con- 
tractility and precipitating more severe failure. Although beta-blockers 
should be avoided in overt congestive heart failure, if necessary, labetalol 
HCI can be used with caution in patients with a history of heart failure 
who are well-compensated. Congestive heart failure has been observed 
in patients receiving labetalol HCI. Labetalol HCI does not abolish the ino- 
tropic action of digitalis on heart muscle. 
In Patients Without a History of Cardiac Failure: In patients with 
latent cardiac insufficiency, continued depression of the myocardium 
with beta-blocking agents over a period of time can in some cases lead 
to cardiac failure. At the first sign or symptom of impending cardiac fail- 
ure, patients should be fully digitalized and/or be given a diuretic, and the 
response observed closely. If cardiac failure continues, despite adequate 
digitalization and diuretic, TRANDATE® therapy should be withdrawn 
(gradually, if possible). 
Exacerbation of Ischemic Heart Disease Following Abrupt With- 
drawal: Angina pectoris has not been reported upon labetalol HCI dis- 
continuation. However, hypersensitivity to catecholamines has been 
observed in patients withdrawn from beta-blocker therapy; exacerbation 
of angina and, in some cases, myocardial infarction have occurred after 
abrupt discontinuation of such therapy. When discontinuing chronically 
administered TRANDATE, particularly in patients with ischemic heart dis- 
ease, the dosage should be gradually reduced over a period of 1 to 2 
weeks and the patient should be carefully monitored. If angina markedly 
worsens or acute coronary insufficiency develops, TRANDATE adminis- 
tration should be reinstituted promptly, at least temporarily, and other 
measures appropriate for the management of unstable angina should be 
taken. Patients should be warned against interruption or discontinuation 
of therapy without the physician's advice. Because coronary artery dis- 
ease is common and may be unrecognized, it may be prudent not to dis- 
continue TRANDATE therapy abruptly even in patients treated only for 
hypertension. 
Nonallergic Bronchospasm (eg, chronic bronchitis and emphy- 
sema): Patients with bronchospastic disease should, in general, 
not receive beta-blockers. TRANDATE may be used with caution, how- 
ever, in patients who do not respond to, or cannot tolerate, other antihy- 
pertensive agents. It is prudent, if TRANDATE is used, to use the 
smallest effective dose, so that inhibition of endogenous or exogenous 
beta-agonists is minimized 
Pheochromocytoma: Labetalol HCI has been shown to be effective in 
lowering the blood pressure and relieving symptoms in patients with 
pheochromocytoma. However, paradoxical hypertensive responses have 
been reported in a few patients with this tumor; therefore, use caution 
when administering labetalol HCI to patients with pheochromocytoma 
Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may 
prevent the appearance of premonitory signs and symptoms (eg, tachy- 
cardia) of acute hypoglycemia. This is especially important with labile dia- 
betics. Beta-blockade also reduces the release of insulin in response to 
hyperglycemia; it may therefore be necessary to adjust the dose of anti- 
diabetic drugs. 
Major Surgery: The necessity or desirability of withdrawing beta- 
blocking therapy prior to major surgery is controversial. Protracted severe 
hypotension and difficulty in restarting or maintaining a heart beat have 
been reported with beta-blockers. The effect of labetalol HCI's alpha- 
adrenergic activity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been 
shown (see Drug Interactions under PRECAUTIONS). 


PRECAUTIONS: General: Impaired Hepatic Function: TRANDATE* 
Tablets should be used with caution in patients with impaired hepatic 
function since metabolism of the drug may be diminished. 

Jaundice or Hepatic Dysfunction: On rare occasions, labetalol HCI 
has been associated with jaundice (both hepatic and cholestatic). It is 
therefore recommended that treatment with labetalol HCI be stopped 
immediately should a patient develop jaundice or laboratory evidence of 
liver injury. Both have been shown to be reversible on stopping therapy 
Information for Patients: As with all drugs with beta-blocking activity, 
certain advice to patients being treated with labetalol HCI is warranted 
This information is intended to aid in the safe and effective use of this 
medication. It is not a disclosure of all possible adverse or intended 
effects. While no incidence of the abrupt withdrawal phenomenon (exac- 
erbation of angina pectoris) has been reported with labetalol HCI, dosing 
with TRANDATE Tablets should not be interrupted or discontinued with- 
out a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also, 
transient scalp tingling may occur, usually when treatment with 
TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: As with any new drug given over prolonged periods, 
laboratory parameters should be observed over regular intervals. In 
patients with concomitant illnesses, such as impaired renal function, 
appropriate tests should be done to monitor these conditions. 

Drug Interactions: In one survey, 2 396 of patients taking labetalol HCI 
in combination with tricyclic antidepressants experienced tremor as com- 
pared to 0.7% reported to occur with labetalol HCI alone. The contribu- 
tion of each of the treatments to this adverse reaction is unknown, but 
the possibility of a drug interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodila- 
tor effect of beta-receptor agonist drugs in patients with bronchospasm; 
therefore, doses greater than the normal anti-asthmatic dose of beta- 
agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol 
HCI. Since this could be explained either by enhanced absorption or by an 
alteration of hepatic metabolism of labetalol HCI, special care should be 
used in establishing the dose required for blood pressure control in such 
patients 

Synergism has been shown between halothane anesthesia ang intra- 
venously administered labetalol HCI. During controlled hypotensive anes- 
thesia using labetalol HCI in association with halothane, high 
concentrations (396 or above) of halothane should not be used because 
the degree of hypotension will be increased and because of the possibil- 
ity of a large reduction in cardiac output and an increase in central venous 
pressure. The anesthesiologist should be informed when a patient is 
receiving labetalol HCI 
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Labetalol HC! blunts the reflex tachycardia produced by nitroglycerin 
without preventing its hypotensive effect. If labetalol HCI is used with 
nitroglycerin in patients with angina pectoris, additional antihypertensive 
effects may occur. 

Drug/Laboratory Test Interactions: The presence of a metabolite of 
labetalol in the urine may result in falsely increased levels of urinary cate- 
cholamines when measured by a nonspecific trihydroxyindole (THI) reac- 
tion. In screening patients suspected of having a pheochromocytoma and 
being treated with labetalol HCI, specific radioenzymatic or high perform- 
ance liquid chromatography assay techniques should be used to deter- 
mine levels of catecholamines or their metabolites. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term 
oral dosing studies with labetalol HCI for 18 months in mice and for 2 
years in rats showed no evidence of carcinogenesis. Studies with labeta- 
lol HCI, using dominant lethal assays in rats and mice, and exposing 
microorganisms according to modified Ames tests, showed no evidence 
of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with 
labetalol in rats and rabbits at oral doses up to approximately 6 and 4 
times the MRHD, respectively. No reproducible evidence of fetal malfor- 
mations was observed. Increased fetal resorptions were seen in both 
species at doses approximating the MRHD. There are no adequate and 
well-controlled studies in pregnant women. Labetalol should be used dur- 
ing pregnancy only if the potential benefit justifies the potential risk to 
the fetus. 

Nonteratogenic Effects: Infants of mothers who were treated with 
labetalol HCI during pregnancy did not appear to be adversely affected by 
the drug. Oral administration of labetalol to rats during late gestation 
through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival 

Labor and Delivery: Labetalol HC! given to pregnant women with 
hypertension did not appear to affect the usual course of labor and 
delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of 
the maternal dose) are excreted in human milk. Caution should be exer- 
cised when TRANDATE® (labetalol HCl) Tablets are administered to a 
nursing woman 

Pediatric Use: Safety and effectiveness in children have not been 
established 


ADVERSE REACTIONS: Most adverse effects are mild, transient and 
occur early in the course of treatment. In controlled clinical trials of 3 to 4 
months’ duration, discontinuation of TRANDATE® Tablets due to one or 
more adverse effects was required in 7% of all patients. In these same 
trials, beta-blocker control agents led to discontinuation in 8% to 10% of 
patients, and a centrally acting alpha-agonist in 30% of patients. 

The incidence rates of adverse reactions listed in the following table 
were derived from multicenter controlled clinical trials, comparing labeta- 
lol HCI, placebo, metoprolol and propranolol, over treatment periods of 3 
and 4 months. Where the frequency of adverse effects for labetalol HCI 
and placebo is similar, causal relationship is uncertain. The rates are 
based on adverse reactions considered probably drug-related by the 
investigator. If all reports are considered, the rates are somewhat higher 
(eg, dizziness 20%, nausea 14%, fatigue 11%), but the overall conclu- 
sions are unchanged 


Labetalol HCI Placebo Propranolol Metoprolol 
(N= 227) (N = 98) (N = 84) (N = 49) 
9o % % Yo 

Body as a whole 

fatigue 5 0 12 12 

asthenia 1 1 1 0 

headache 2 1 2 
Gastrointestinal 

nausea 6 1 1 2 

vomiting <1 0 0 0 

dyspepsia 3 1 1 0 

abdominal pain 0 0 1 2 

diarrhea <1 0 2 0 

taste distortion 1 0 0 0 
Central and Peripheral 
Nervous Systems 

dizziness 11 3 4 4 

paresthesias <I 0 0 0 

drowsiness «1 2 2 2 
Autonomic Nervous System 

nasal stuffiness 3 0 0 0 

ejaculation failure 2 0 0 0 

impotence 1 0 1 3 

increased sweating <1 0 0 0 
Cardiovascular 

edema 1 0 0 0 

postural hypotension 1 0 0 0 

bradycardia 0 0 5 12 
Respiratory 

dyspnea 2 0 1 2 
Skin 

rash 1 0 0 0 
Special Senses 

vision abnormality 1 0 0 0 

vertigo 1 0 0 





The adverse effects were reported spontaneously and are representa- 
tive of the incidence of adverse effects that may be observed in a prop- 
erly selected hypertensive patient population, ie, a group excluding 
patients with bronchospastic disease, overt congestive heart failure, or 
other contraindications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses up to 2400 mg 
in more severely hypertensive patients. Certain of the side effects 
increased with increasing dose as shown in the table below which 
depicts the entire U.S. therapeutic trials data base for adverse reactions 
that are clearly or possibly dose-related. 


Labetalo! HCI 
Daily Dose (mq) 200 300 


Number of Patients 52 
Dizziness (%) 

Fatigue 

Nausea < 
Vomiting 

Dyspepsia 

Paresthesias 

Nasal Stuffiness 

Ejaculation Failure 

Impotence 

Edema 
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Labetalol HCI 

Daily Dose (mg) 800 900 1200 1600 2400 
Number of Patients 503 117 411 242 175 
Dizziness (95) 5 1 9 13 16 
Fatigue 5 3 7 6 10 
Nausea 4 0 7 11 19 
Vomiting «1 0 1 2 3 
Dyspepsia 1 0 2 2 4 
Paresthesias 1 1 2 5 5 
Nasal Stuffiness 2 2 4 5 6 
Ejaculation Failure 3 0 4 3 5 
Impotence 2 4 3 4 3 
Edema 1 0 1 2 2 


In addition, a number of other less common adverse events have been 
reported in clinical trials or the literature: 

Cardiovascular: Postural hypotension, including rarely, syncope. Cen- 
tral and Peripheral Nervous Systems: Paresthesias, most frequently 
described as scalp tingling. In most cases, it was mild, transient and usu-& 
ally occurred at the beginning of treatment. Collagen Disorders: Sys- 
temic lupus erythematosus; positive antinuclear factor (ANF). Eyes: Dry 
eyes. Immunological System: Antimitochondrial antibodies. Liver and 
Biliary System: Cholestasis with or without jaundice. Musculoskeletal 
System: Muscle cramps; toxic myopathy. Respiratory System: Bron- 
chospasm. Skin and Appendages: Rashes of various types, such as 
generalized maculopapular; lichenoid; urticarial; byllous lichen planus; 
psoriaform; facial erythema; Peyronie's disease; reversible alopecia. 
Urinary System: Difficulty in micturition, including acute urinary bladder 
retention. 

Following approval for marketing in the United Kingdom, a monitored 
release survey involving approximately 6,800 patients was conducted for 
further safety and efficacy evaluation of this product. Results of this sur- 
vey indicate that the type, severity, and incidence of adverse effects 
were comparable to those cited above. 

Potential Adverse Effects: In addition, other adverse effects not listed 
above have been reported with other beta-adrenergic blocking agents. 

Central Nervous System: Reversible mental depression progressing 
to catatonia; an acute reversible syndrome characterized by disorienta- 
tion for time and place, short-term memory loss, emotional lability, 
slightly clouded sensorium, and decreased performance or 
neuropsychometrics. 

Cardiovascular: Intensification of AV block (see 
CONTRAINDICATIONS). 

Allergic: Fever combined with aching and sore throat; laryngospasm; 
respiratory distress 

Hematologic: Agranulocytosis; thrombocytopenic or nonthrombocy- 
topenic purpura. 

Gastrointestinal: Mesenteric artery thrombosis; ischemic colitis 

The oculomucocutaneous syndrome associated with the beta-blocker 
practolol has not been reported with labetalol HCI. 

Clinical Laboratory Tests: There have been reversible increases of 
serum transaminases in 4% of patients treated with labetalol HCI and 
tested, and more rarely, reversible increases in blood urea, 


OVERDOSAGE: Overdosage with TRANDATE® (labetalol hydrochloride) 
Tablets causes excessive hypotension which is posture sensitive, and 
sometimes, excessive bradycardia. Patients should be laid supine and 
their legs raised if necessary to improve the blood supply to the brain 
The following additional measures should be employed if necessary 
Excessive bradycardia—administer atropine (3.0 mg). If there is no 
response to vagal blockade, administer isoproterenol cautiously. Cardiac 
failure — administer a digitalis glycoside and a diuretic. Hypotension — 
administer vasopressors, eg, norepinephrine. There is pharmacological 
evidence that norepinephrine may be the drug of choice. Broncho- 
spasm —administer a beta2-stimulating agent and/or a theophylline 
preparation. 

Gastric lavage or pharmacologically induced emesis (using syrup of ipe- 
cac) is useful for removal of the drug shortly after ingestion. Labetalol 
HCI can be removed from the general circulation by hemodialysis 

The oral LDso value of labetalol HCI in the mouse is approximately 
600 mg/kg and in the rat is greater than 2 g/kg. The intravenous LDs09 in 
these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUAL- 
IZED. The recommended initial dose is 100 mg twice daily whether used 
alone or added to a diuretic regimen. After 2 or 3 days, using standing 
blood pressure as an indicator, dosage may be titrated in increments of 
100 mg bid every 2 or 3 days. The usual maintenance dosage of labetalol 
HCI is between 200 mg and 400 mg twice daily. 

Since the full antihypertensive effect of labetalol HCI is usually seen 
within the first 1 to 3 hours of the initial dose or dose increment. the 
assurance of a lack of an exaggerated hypotensive response can be clini- 
cally established in the office setting. The antihypertensive effects of 
continued dosing can be measured at subsequent visits, approximately 
12 hours after a dose, to determine whether further titration is necessary 

Patients with severe hypertension may require from 1200 mg to 2400 
mg per day, with or without thiazide diuretics. Should side effects (princi- 
pally nausea or dizziness) occur with these doses administered bid, the 
same total daily dose administered tid may improve tolerability and facili- 
tate further titration. Titration increments should not exceed 200 mg bid 

When a diuretic is added, an additive antihypertensive effect can be 
expected In some cases this may necessitate a labetalol HCI dosage 
adjustment. As with most antihypertensive drugs, optimal dosages of 
TRANDATE® Tablets are usually lower in patients also receiving a 
diuretic 

When transferring patients from other antihypertensive drugs, 
TRANDATE Tablets should be introduced as recommended and the dos- 
age of the existing therapy progressively decreased 


HOW SUPPLIED: TRANDATE * Tablets, 200 mg, white, round, scored, 
film-coated tablets engraved on one side with "TRANDATE 200 GLAXO” 
bottles of 100 (NDC 0173-0347-43), bottles of 500 (NDC 0173-0347-44). 
and unit dose packs of 100 tablets (NDC 0173-0347-47). 

TRANDATE Tablets, 300 mg, peach, round, scored, film-coated tablets 
engraved on one side with "TRANDATE 300 GLAXO” bottles of 100 (NDC 
0173-0348-43), bottles of 500 (NDC 0173-0348-44), and unit dose packs 
of 100 tablets (NDC 0173-0348-47). 

TRANDATE Tablets should be stored between 2° and 30°C (36° 
and 86°F). 

TRANDATE Tablets in the unit dose boxes should be protected 
from excessive moisture. 


Glaxo 
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| 79  Nonsustained Ventricular Tachycardia During Programmed Ventricular Stimulation: Criteria for a 


Positive Test 


EDWARD V. PLATIA and PHILIP R. REID 


To determine which criteria should be used to define a positive response to programmed ventricular stimulation 
(PVS), 50 patients with a history of ventricular fibrillation or recurrent ventricular tachycardia (VT) underwent 
control and postdrug PVS. After 20 months, 28 patients died suddenly or had a recurrence of sustained VT. The 
ability to induce either nonsustained or sustained VT on predischarge PVS was associated with a significantly 
poorer outcome (p «0.000 1) than if VT could not be induced. Further, using the criterion of 5 or more beats of 
induced VT to define a positive study maximized the predictive value of PVS and provided a significantly higher 
predictive accuracy than if only sustained VT were used to define a positive study. 


; | 84 Combination of Procainamide and Quinidine for Better Tolerance and Additive Effects for Ventricular 
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Arrhythmias 


SOO G. KIM, STEVEN W. SEIDEN, JEFFREY A. MATOS, LAWRENCE E. WASPE, and 
JOHN D. FISHER 


The efficacy and tolerance of quinidine and procainamide used individually and in combination were studied in 
19 patients with frequent (more than 60/hour) ventricular premature complexes (VPCs). Holter monitoring was 
done during 3 drug therapy states: maximum tolerated doses of (1) quinidine, (2) procainamide and (3) combina- 
tion therapy with smaller doses of quinidine and procainamide. No patient had side effects during combination 
therapy. Combination therapy was more effective in reducing VPCs. An effective regimen (more than 83% re- 
duction of VPCs and abolition of ventricular tachycardia) was found in 14 patients (74%) during combination 
therapy, but in only 5 (2696) during quinidine therapy and in 4 (2196) during procainamide therapy. When quini- 
dine or procainamide is ineffective because dose-related extracardiac side effects limit the maximal tolerated 
dose, a combination of both agents in smaller and tolerable doses avoids side effects and is more effective than 
either drug alone at maximum tolerated dose. 


. 89 Value of Hepatic Computerized Tomographic Scanning During Amiodarone Therapy 


JAMES MARKOS, MAURICE E. VERONESE, MICHAEL R. NICHOLSON, STUART McLEAN, and 
JOHN E. SHEVLAND 


The deposition of the iodine-containing antiarrhythmic drug amiodarone and its metabolite desethylamiodarone 
in the liver may be demonstrated by computerized tomographic (CT) scanning. CT scanning was performed in 
10 patients undergoing chronic amiodarone therapy to determine if the liver or liver/spleen CT density correlated 
with plasma drug levels or QTc intervals. Liver CT density was increased in 6 patients, 68 to 94 CT units (normal 
50 to 65) and 5 patients had elevated liver/spleen density, 1.4 to 2.0 (normal 1.0 to 1.3). Absolute and relative 
liver CT density correlated with plasma levels of desethylamiodarone but not with amiodarone. These findings 
suggest that a liver/spleen CT scan may indirectly measure the tissue deposition of amiodarone, and may possi- 
bly be of value in determining dosing requirements. 


CONGESTIVE HEART FAILURE 


Immediate Effects of Milrinone on Metabolic and Sympathetic Responses to Exercise in Severe 
Congestive Heart Failure 


HARVEY D. WHITE, JORGE PINTO RIBEIRO, L. HOWARD HARTLEY, and WILSON S. COLUCCI 


A randomized, double-blind, placebo-controlled protocol was used to determine whether milrinone exerts an im- 
mediate effect on exercise performance in patients with severe congestive heart failure. In each of 14 patients 
with New York Heart Association class Ill or IV congestive heart failure, intravenous milrinone and placebo were 
randomly administered just before maximal progressive upright cycle ergometry. Milrinone caused increases 
in exercise duration, maximal oxygen uptake and oxygen uptake at the anaerobic threshold. At peak exercise 
intensity, systolic blood pressure and heart rate were both increased by milrinone administration. Likewise, at 
matched submaximal exercise intensities, heart rate and systolic blood pressure were higher with milrinone; 
plasma norepinephrine and blood lactate concentrations were lower. Thus, milrinone acutely causes an im- 
provement in both maximal exercise performance and the metabolic response to submaximal exercise. 


x Continued on page A34 
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Brief Summary 


Before prescribing, please consult current complete prescribing information, a summary of which 
follows: Indications: For suppression and prevention of recurrence of the following cardiac ar- 
rhythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
contractions of multifocal origin; paired premature ventricular contractions (couplets); and epi- 
sodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with D.C. 
cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 
also equally effective in treating primary cardiac arrhythmias and those which occur in association 
with organic heart disease including coronary artery disease. Norpace CR should not be used 
initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide phos- 
phate has not been adequately studied in patients with acute myocardial infarction or with per- 
sistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 
with serious ventricular ectopic activity has not been established. Contraindications: Cardiogen- 
ic shock, preexisting second- or third-degree AV block (if no pacemaker is present), or known 


f hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or worsen 


congestive heart failure (CHF) or produce severe hypotension as a consequence of its 
Negative inotropic properties. Hypotension has been observed primarily with primary car- 
diomyopathy or inadequately compensated CHF. Norpace or Norpace CR should not be 
used in patients with uncompensated or marginally compensated CHF or hypotension 
unless the condition is secondary to cardiac arrhythmia. Patients with a history of heart 
failure may be treated with Norpace or Norpace CR, but careful attention must be given to 
maintaining cardiac function, including optimal digitalization. If hypotension occurs or 
CHF worsens, Norpace or Norpace CR should be discontinued and, if necessary, restarted 
at a lower dosage only after adequate cardiac compensation has been established. Nor- 
pace or Norpace CR should be discontinued if significant widening (greater than 25%) of 
the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsening of the 
arrhythmia may occur. Patients who have evidenced prolongation of the Q-T interval in 
response to quinidine may be at particular risk. If Q-T prolongation greater than 25% is 
observed and if ectopy continues, the patients should be monitored closely, and discontin- 
uation of Norpace or Norpace CR considered. In rare instances significant hypoglycemia 
has been reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for patients 
with life-threatening arrhythmias who are demonstrably unresponsive to single agent an- 
tiarrhythmic therapy. Such use may produce serious negative inotropic effects, or may 
excessively prolong conduction. Patients receiving more than one antiarrhythmic drug 
must be carefully monitored. If first-degree heart block develops, the dosage of Norpace 
or Norpace CR should be reduced. If the block persisgs, continuation of Norpace or 
Norpace CR must depend upon an assessment of benefit versus risk. Development of 
second- or third-degree AV block or uni-, bi-, or trifascicular block requires discontinuation 
of drug unless the ventricular rate is adequately controlled by a pacemaker. Because of its 
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anticholinergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis or urinary retention, unless adequate overriding measures are 
taken. In patients with a family history of glaucoma, intraocular pressure should be meas- 
ured before initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter 
or fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that 
drug-induced enhancement of AV conduction does not allow a ventricular rate beyond physiologi- 
cally acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients 
with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients 
with myocarditis or other cardiomyopathy may develop significant hypotension in response to 
the usual dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not 
be given to such patients, and initial dosage and subsequent dosage adjustments should be made 
under close supervision. Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for signs of overdosage. Norpace 
CR is not recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be 
ineffective in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace 
or Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin 
or other hepatic enzyme inducers may cause lower disopyramide plasma levels. Safe use in preg- 
nancy has not been established. Disopyramide has been found in human fetal blood. Norpace 
has been reported to stimulate contractions of the pregnant uterus. Use of Norpace or 
Norpace CR in pregnant women requires that the potential benefit be weighed against possible 
hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during delivery or on the 
course of labor and delivery are unknown. Following oral administration, disopyramide has been 
found in human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
essential, an alternate method of infant feeding should be instituted. Adverse Reactions: Dry 
mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention 
especially in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, 
nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatigue/ 
muscle weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, car- 
diac conduction disturbances, edema/weight gain, shortness of breath, syncope, chest pain, 
generalized rash/dermatoses, itching, hypokalemia, elevated cholesterol/triglycerides, depres- 
sion, insomnia, ‘dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, 
elevated creatinine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, 
cholestatic jaundice, and agranulocytosis, all three reversible, have been reported, as have fever, 
respiratory difficulty, thrombocytopenia, and gynecomastia. Dosage and Administration: Dos- 
age must be individualized on the basis of response and tolerance. The usual adult dosage is 400 
to 800 mg/day given in divided doses: q6h for Norpace and q12h for Norpace CR. See current 
complete prescribing information for dosage recommendations. 
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About the book 


Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 


This is not just another “proceedings” volume. Rather 
it is an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 


The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 
patients with neoplastic disease. 


About the Editors 


Arthur E. Brown, MD, is Assistant Attending Physician, 
Memorial Sloan-Kettering Cancer Center, and Assistant 
Professor of Medicine and Pediatrics, Cornell University 
Medical College. 

Donald Armstrong, MD, is Attending Physician; Chief 
of Service; Director, Microbiology Laboratory, Memorial 
Sloan-Kettering Cancer Center, and Professor of 
Medicine, Cornell University Medical College 
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= 99 Left Ventricular Stress-Dimension-Shortening Relations Before and After Correction of Chronic Aortic 


5 


Wc and Mitral Regurgitation 
E MICHAEL R. ZILE, WILLIAM H. GAASCH, and HERBERT J. LEVINE 


Me Left ventricular (LV) stress-dimension-shortening relations were determined before and 1 year after valve re- 
eh placement in patients with compensated and decompensated chronic aortic regurgitation (AR) or mitral regurgi- 
tation (MR). Echocardiographic data from 32 patients with AR and 20 patients with MR were used. In decompen- 
: sated AR or MR the postoperative stress-dimension-shortening relations remained abnormal; in these patients, . 
ra especially those with MR, the postoperative decrease in shortening was directly related to afterload excess. In 
x compensated AR or MR, chamber dimension and wall stress returned to normal; stress-shortening relations 
were normal after aortic valve replacement, but (despite normal systolic stress) shortening decreased after mi- 
tral valve replacement. Thus, the postoperative decline in shortening seen in patients with compensated MR 
cannot be explained on the basis of afterload excess. 
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C 106 Doppler Diagnosis of Valvular Aortic Stenosis in Patients Over 60 Years of Age 


TFF 


a 


t ARTHUR S. AGATSTON, MATHEW CHENGOT, ASWATH RAO, FRANK HILDNER, and PHILIP SAMET 

E. 

a | Twenty-five consecutive elderly patients with suspected aortic stenosis underwent continuous wave Doppler 

E echocardiography followed by cardiac catheterization. Doppler-derived calculations of peak and mean aortic 
valve gradients were compared with catheterization-derived values of peak-to-peak, peak and mean gradients. 
The best correlation was found between Doppler- and catheterization-derived mean gradients (r — 0.89). A Dop- 

| pler-derived measure of the timing of peak aortic flow velocity was found to separate successfully those with 

X gradients greater than 50 mm Hg from those less than 50 mm Hg and also to help avoid over- or underestimation 

FY of aortic valve gradients by Doppler. 
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- 110 Quantitative Anatomic Analysis of “Stent Creep" of Explanted Hancock Standard Porcine 

S. Bioprostheses Used for Cardiac Valve Replacement 

y FREDERICK J. SCHOEN, LOIS J. SCHULMAN, and LAWRENCE H. COHN 


The degree of progressive inward deflection of the stent posts ("stent creep") of Hancock standard orifice por- 
S cine aortic valve bioprostheses is unknown. The purpose of the present investigation was to determine, using 
a quantitative geometric analysis of clinically removed bioprostheses, the contribution of stent creep to progres- 
sive reduction in the outflow orifice area of 54 Hancock standard orifice procine aortic valve bioprostheses ob- 
tained at reoperation or autopsy. It is concluded that stent creep is not usually prominent after long-term implan- 
tation of Hancock standard orifice porcine bioprostheses and suggests that clinically important progressive re- 
duction of the geometric outflow orifice is infrequent. 


y 
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Š 115  Echocardiographic Aortic to Mitral Valve Opening Area Ratio for Determining the Presence and 
E Severity of Mitral Regurgitation 


THOMAS HOFMANN, WOLFGANG KASPER, THOMAS MEINERTZ, and HANJORG JUST 


The ratio of the aortic to mitral valve opening area calculated from M-mode echocardiographic tracings was 
evaluated as an estimate for the presence and severity of mitral regurgitation. The ratio was calculated in 72 pa- 
tients: 28 without mitral regurgitation, 23 with mild to moderate mitral regurgitation and 21 with severe mitral 
regurgitation. The ratio predicted mitral regurgitation with a sensitivity of 98% and a specificity of 86%. A strong 
relation was found between the angiographic severity of mitral regurgitation and the ratio. 


MISCELLANEOUS TOPICS 


| 119 Effects of Caffeine on Vascular Resistance, Cardiac Output and Myocardial Contractility in Young Men 


GWENDOLYN A. PINCOMB, WILLIAM R. LOVALLO, RICHARD B. PASSEY, THOMAS L. WHITSETT, 
STEVEN M. SILVERSTEIN, and MICHAEL F. WILSON 


An enhancement of systemic vascular resistance was found to be the primary mechanism by which caffeine ele- 
vated blood pressure and stroke work. These findings emerged from the first placebo-controlled examination of 


° Continued on page A39 
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CARDIZEM (diltiazem HCl): 


Percentage of patients 
experiencing adverse reactions 


100 





with a low incidence 


In the treatment of angina pec- 
toris, calcium channel blockers have 
been found to be potent coronary 
vasodilators. And, due to its balanced 
hemodynamic profile, CARDIZEM‘ 
(diltiazem HCI) produces a low inci- 
dence of side effects, thus contribut- 
ing to the patients sense of well-being. 

“The lack of significant adverse 
effects with diltiazem appears to corre- 
late with the high rate of acceptance 
of the drug by patients and the drug’s 
safety in both short- and long-term 
use. ! 





Low incidence ofside effects 


The adverse reactions reported most frequently with Cardizem have been: 


0 ec ce 
Edema Headache Nausea Dizziness Rash Asthenia AV Block 
24% 2.1% 1.9% 1.5% 1.3% 1.2% D 1% 
In many cases, the relationship to Cardizem has not not greater than that reported during placebo therapy. 
been established. For other adverse reactions infrequently reported 
In placebo-controlled US trials, the incidence of ( 1.096), see brief summary of prescribing information 


e adverse reactions reported during Cardizem therapy was on last page of this ad. 


_abalance of effectiveness 
of side effects 








Increases exercise Reduces angina attack 
tolerance frequency 
CARDIZEM” (diltiazem 42% to 4696 decrease in 
HC!) allows patients to signifi- effort angina attacks reported in 
cantly prolong exercise tolerance multicenter study? 


even in demanding Bruce proto- 
col exercise tests? In time to 
onset of pain, control patients 


j | T x À 
. avel aged 8.0 minutes; Cardizem (diltiazem HCl) 
patients averaged 9.8 minutes. 
The balanced 
*Cardizem is indicated in the treatment of chronic stable . 
pka y a off ae dated Miei ) and sagt die tO calcium channel 
coronary artery spasm. bl ocker 





(diltiazem HCl) 


Beneficial aspects 


of Cardizem 
therapy 


* Increases coronary blood 
flow 

e Decreases afterload and 
blood pressure 

* Decreases heart rate 

e Can be used alone or in 
combination with other 
antianginals 
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1. Schroeder JS, Lamb IH, Ginsburg R, et al: Diltiazem for long-term therapy of coronary 
arterial spasm. Am J Cardiol 49:533-537, 1982. 

2. Pool PE, Seagren SC, Bonanno JA, et al: The treatment of exercise-inducible chronic 
stable angina with diltiazem: Effect on treadmill exercise. Chest 78 (July suppl):234-238, 
1980. e 

3. Strauss WE, Mcintyre KM, Parisi AF, et al: Safety and efficacy of diltiazem hydrochlo- 
ride for the treatment of stable angina pectoris: Report of a cooperative clinical trial. 
Am J Cardiol 49:560-566, 1982. 
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BRIEF SUMMARY 


CARDIZEM® (diltiazem hydrochloride) is a calcium ion influx inhibitor (slow channel blocker or calcium antagonist). 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM is indicated in the treatment of angina pectoris due to coronary arter 
spasm. CARDIZEM has been shown effective in the treatment of spontaneous coronary artery spasm presenting as Prinzmetal's variar 
angina (resting angina with ST-segment elevation occurring during attacks). 
2. Chronic Stable Angina (Classic Effort-Associated Angina). CARDIZEM is indicated in the management of chronic stable angin: 
CARDIZEM has been effective in controlled trials in reducing angina frequency and increasing exercise tolerance. 
There are no controlled studies of the effectiveness of the concomitant use of diltiazem and beta-blockers or of the safety of this combinagp 
in patients with impaired ventricular function or conduction abnormalities. e 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2 
patients with second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, and (3) patients with hypotensio 
(less than 90 mm Hg systolic), 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time, exce[ 
in patients with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinu 
syndrome) or second- or third-degree AV block (six of 1243 patients for 0.48%). Concomitant use of diltiazem with beta-blockers « 
digitalis may result in additive effects on cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (2 to 
seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynami 
Studies in humans with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects o 
contractility (dp/dt). Experience with the use of CARDIZEM alone or in combination with beta-blockers in patients with impaire 
ventricular function is very limited. Caution should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension. 

4, Acute Hepatic Injury. In rare instances, patients receiving CARDIZEM have exhibited reversible acute hepatic injury as evidenced b 
moderate to extreme elevations of liver enzymes. (See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metabolized by the liver and excreted by the kidneys and in bile. As with an’ 
new drug given over prolonged periods, laboratory parameters should be monitored at regular intervals. The drug should be used with cautio 
in patients with impaired renal or hepatic function. In subacute and chronic dog and rat studies designed to produce toxicity, high doses a 
diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats wer 
associated with histological changes in the liver which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were als 
associated with hepatic changes; however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when usini 
beta-blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

Controlled and uncontrolled domestic studies suggest that concomitant use of CARDIZEM and beta-blockers or digitalis is usually we 
tolerated. Available data are not sufficient, however, to predict the effects of concomitant treatment, particularly in patients with left ventricula 
dysfunction or cardiac conduction abnormalities. In healthy volunteers, diltiazem has been shown to increase serum digoxin levels up to 20% 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and a 21-month study in mice showed no evidenc 
of carcinogenicity. There was also no mutagenic response in in vitro bacterial tests. No intrinsic effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. Administration of doses ranging from five t 
ten times greater (on an mg/kg basis) than the daily recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, ii 
some studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there was some reduction in ear! 
individual pup weights and survival rates. There was an increased incidence of stillbirths at doses of 20 times the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women only if the potential benefit justifie 
the potential risk to the fetus. 

Nursing Mothers. It is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, exercist 
caution when CARDIZEM is administered to a nursing woman if the drug's benefits are thought to outweigh its potential risks in this situatior 

Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it should be recognized that patients with impaired ventricula 
function and cardiac conduction abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of adverse reactions reported during CARDIZEM therapy was not greater than tha 
reported during placebo therapy. 

The following represent occurrences observed in clinical studies which can be at least reasonably associated with the pharmacology o 
calcium influx inhibition. In many cases, the relationship to CARDIZEM has not been established. The most common occurrences, as well a: 
their frequency of presentation, are: edema (2.4%), headache (2.196), nausea (1.9%), dizziness (1.5%), rash (1.3%), asthenia (1.2%), AV block 
(1.1%). In addition, the following events were reported infrequently (less than 1%) with the order of presentation corresponding to the relative 
frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradycardia, palpitations, congestive heart failure, syncope. 

Nervous System: Paresthesia, nervousness, somnolence, tremor, insomnia, hallucinations, and amnesia. 

Gastrointestinal: Constipation, dyspepsia, diarrhea, vomiting, mild elevations of alkaline phosphatase, SGOT, SGPT, and LDH. 
Dermatologic: Pruritus, petechiae, urticaria, photosensitivity. 

Other: Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of vasospastic angina developed periods of transient asymptomatic asystoli 
approximately five hours after receiving a single 60-mg dose of CARDIZEM. 

The following postmarketing events have been reported infrequently in patients receiving CARDIZEM: erythema multiforme; leukopenia: ant 
extreme elevations of alkaline phosphatase, SGOT, SGPT, LDH, and CPK. However, a definitive cause and effect between these events an 
CARDIZEM therapy is yet to be established. 

OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limited. Single oral doses of 300 mg of CARDIZEM have been well tolerated by healthy 


volunteers. In the event of overdosage or exaggerated response, appropriate supportive measures should be employed in addition to gastric 
lavage. The following measures may be considered: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, administer isoproterenol cautiously 
High-Degree AV Block Treat as for bradycardia above. Fixed high-degree AV block should be treated with cardiac pacing. 

Cardiac Failure Administer inotropic agents (isoproterenol, dopamine, or dobutamine) and diuretics. 

Hypotension Vasopressors (eg, dopamine or levarterenol bitartrate). 


Actual treatment and dosage should depend on the severity of the clinical situation and the judgment and experience of the treating physician 
The oral LD<o's in mice and rats range from 415 to 740 mg/kg and from 560 to 810 mg/kg, respectively. The intravenous LD<o's in these 
species were 60 and 38 mg/kg, respectively. The oral LD<, in dogs is considered to be in excess of 50 mg/kg, while lethality was seen ir 
monkeys at 360 mg/kg. The toxic dose in man is not known, but blood levels in excess of 800 ng/ml have not been associated with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Coronary Artery Disease or Angina Pectoris at Rest Due to Coronary 
Artery Spasm. Dosage must be adjusted to each patient's needs. Starting with 30 mg four times daily, before meals and at bedtime, dosage 
should be increased gradually (given in divided doses three or four times daily) at one- to two-day intervals until optimum response is obtained. 
Although individual patients may respond to any dosage level, the average optimum dosage range appears to be 180 to 240 mg/day. There are 
no available data concerning dosage requirements in patients with impaired renal or hepatic function. If the drug must be used in such patients, 
titration should be carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort acute anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy—CARDIZEM may be safely coadministered with short- and long-acting nitrates, but there have been nc 

controlled studies to evaluate the antianginal effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 
HOW SUPPLIED 

CARDIZEM 30-mg tablets are supplied in bottles of 100 (NDC 0088-1771-47) and in Unit Dose Identification Paks of 100 (NDC 0088-1771-49) 
Each green tablet is engraved with MARION on one side and 1771 engraved on the other. CARDIZEM 60-mg scored tablets are supplied in bot 
tles of 100 (NDC 0088-1772-47) and in Unit Dose Identification Paks of 100 (NDC 0088-1772-49). Each yellow tablet is engraved with MARION 
on one side and 1772 on the other. Issued 4/1/84 


See complete Professional Use Information before prescribing. 
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caffeine's effects in healthy humans, which simultaneously measured changes in blood pressure and left ven- 
tricular function. These results question the current hypothesis that caffeine's pressor effect is mediated by in- 
creases in cardiac output and contractility. Thus, health effects of caffeine use in patients with cardiovascular 
diseases must be reassessed in light of its vascular effects. 


123 Utility of Two-Dimensional Echocardiography in Suspected Ascending Aortic Dissection 


131 


136 


JEROME E. GRANATO, PAUL DEE, and ROBERT S. GIBSON 


In 56 consecutive patients with suspected ascending aortic dissection, 2-dimensional echocardiography (2-D 
echo) identified all 13 cases with confirmed dissection, falsely classified 5 patients as having positive responses 
and correctly recognized 38 patients as having negative responses. In the 13 patients with true-positive study 
results, 2-D echo identified 4 patients with pericardial fluid, 3 (7596) of whom died within 24 hours. By compari- 
son, only 1 of 7 patients (17 %) with pericardial fluid and no evidence of ascending aortic dissection by 2-D echo 
died and this single death was attributed to postoperative sepsis (p «0.00 1). In the 38 patients with true-negative 
study results, 2-D echo provided information that was useful or essential in establishing an alternative diagnosis 
in 16 (42%). However, within this group, 5 patients had type III aortic dissections, none of which were identified 
by 2-D echo. Thus, 2-D echo is an accurate, noninvasive technique for diagnosing ascending aortic dissection. 
It can identify patients at high risk for early death and, in the absence of ascending aortic dissection, can provide 
information useful in establishing an alternate diagnosis. 


METHODS 


Quantitative Assessment by Doppler Echocardiography of Pulmonary or Aortic Regurgitation 


STANLEY J. GOLDBERG and HUGH D. ALLEN 


The purpose of this study was to evaluate a method for quantitative assessment of semilunar regurgitation. The 
method required Doppler computation of net flow distal to the abnormal semilunar valve by subtracting reverse 
flow from total forward flow, the results of which should equal flow in an unaffected portion of the heart. Results 
show a close correlation between net flow and the comparison normal flow, indicating the clinical value of the 
method. 


CARDIOVASCULAR PHARMACOLOGY 


Effect of Benzodiazepine (Alprazolam) on Plasma Epinephrine and Norepinephrine Levels During 
Exercise Stress 


JOHN R. STRATTON and JEFFREY B. HALTER 


Eleven healthy men performed symptom-limited treadmill tests before and on the third day of alprazolam therapy 
(0.5 mg t.i.d.) to determine whether this benzodiazepine central nervous system depressant inhibits sympathetic 
discharge during exercise stress. Plasma epinephrine and norepinephrine were measured at rest and at 8 min- 
utes, 11 minutes and maximal exercise. Epinephrine levels at rest, but not norepinephrine levels, were reduced 
by alprazolam. During drug treatment, plasma epinephrine was reduced at 8 minutes (60 + 13 vs 117 + 19 pg/ 
ml), 11 minutes (120 + 39 vs 193 + 52 pg/ml) and maximal exercise (520 + 125 vs 970 + 324 pg/ml). Similar- 
ly, plasma norepinephrine was reduced at 8 minutes (730 + 75 vs 886 + 82 pg/ml), 11 minutes (1,077 + 197 
vs 1,447 + 301 pg/ml) and maximal exercise (3,453 + 487 vs 5,590 + 1,100 pg/ml). Exercise duration (17 + 
1 and 17 + 1 minutes) was unchanged. Blunting of sympathetic activation may prove beneficial in cardiac disor- 
ders in which increased sympathetic tone is potentially deleterious. 


140 Acute Effects of Intravenous Nisoldipine on Left Ventricular Function and Coronary Hemodynamics 


PATRICK W. SERRUYS, HARYANTO SURYAPRANATA, JUAN PLANELLAS, WILLIAM WIJNS, 
GUIDO L.J. VANHALEWEYK, ALAN SOWARD, BRIAN E. JASKI, and PAUL G. HUGENHOLTZ 


The left ventricular and coronary hemodynamic effects of nisoldipine, a new dihydropyridine derivative, were in- 
vestigated in patients with suspected coronary artery disease. Measurements were made during spontaneous 
and matched atrial paced heart rate before and after intravenous administration of nisoldipine, 6 g/kg, over 3 
minutes. It is concluded that nisoldipine is a potent coronary and peripheral vasodilator with no observed nega- 
tive inotropic effects. 


Continued on page A43 
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POST-MI PROTECTION 
Regardless of: 


Heart size 


Infarction site 


Transmuralor — 
nontransmural MI 


Riskgroup 





ee c 
EA THE RISK Reduced sudden death 446% n, 
CARDIOVASCULAR Enn 24 bouls of symptoms)? ides 


Reduced instantaneous death 71.4% 
|RSS : (death occurring within a few seconds)? (p= 00002)'* 


IN MANY POST-MI Reduced overall mortality^:" 39.4% 
PATIENTS (p = 0.0005} 


Reduced reinfarction rate? 28.4% 
(p = 0.0006)" 


Cardioprotection! Documented up to 33 Months? 
Treatment should be initiated within 1 to 4 weeks after infarction. Data are 
not available as to whether benefit would ensue if BLOCADREN is initiated later. 


! Rodda, B.E.: The timolol myocardial infarction study: An evaluation of selected variables, 
Circulation 67 (suppl !):1101-1106, June 1983 (by permission of the American Heart 
Association, Inc.). 


? The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality and 
reinfarction in patients surviving acute myocardial infarction, N. Engl. J. Med. 
304(14):801-807 April 2, 1981. 

* This p value was obtained from the survival and life-table analyses, which compared the 
patterns of the two mortality (or reinfarction) curves in their entirety rather than on the 
frequency counts alone. 


** This p value was based on simple death ratio calculations (i.e., frequency counts alone). 


*** Reduction in overall mortality was primarily attributable to a reduction in cardiovascular 
mortality. 


t cardioprotection—reduction in the risk of both cardiovascular mortality and reinfarction 
in many stabilized post-MI patients 


REDUCES THE RISK OF BOTH CARDIOVASCULAR 
MORTALITY AND REINFARCTION IN MANY STABILIZED 
POST-MI PATIENTS 


AT JUST 10 MG BI.D. 


In many stabilized post-MI patients 































































.(TIMOLOL MALEATE MSD) 
A" ael CO DICATIONS: 

s CADREN is contraindicated in patients with bronchial asthma, 

à Hn of bronchial asthma, or severe chronic obstructive pul- 

j disease (see WARNINGS); sinus bradycardia; second- and 

th hird-degree atrioventricular block; overt cardiac failure 


(sel e WARNINGS); cardiogenic shock; hypersensitivity to this product. 


RNINGS: 
T Cardiac Failure: Sympathetic stimulation may be essential for 
daré of the circulation in individuals with diminished myocar- 
contractility, and its inhibition by beta-adrenergic receptor 
E may precipitate more severe failure. Although beta block- 
: E rs should be avoided in overt congestive heart failure, they can be 
se d sed, if necessary, with caution in patients with a history of failure 
Ec (E are well compensated, usually with digitalis and diuretics. 
io h digitalis and timolol maleate slow AV conduction. If cardiac 
ilure persists, therapy with BLOCADREN should be withdrawn. 
Patients without a History of Cardiac Failure: Continued 
t - de rissin of the myocardium with beta-blocking agents over 
- n: a | period of time can, in some cases, lead to cardiac failure. At 
E tt e first sign or symptom of cardiac failure, patients receiving 
din DCADREN should be digitalized and/or be given a diuretic, 
é “the response observed closely. If cardiac failure continues 
des pite adequate digitalization and diuretic therapy, BLOCADREN 
NE: ould be withdrawn. 


i E. - Exacerbation of Ischemic Heart Disease following Abrupt 
| Withdrawal — Hypersensitivity to catecholamines has been 
_ | observed in patients withdrawn from beta-blocker therapy; 
-exacerbation of angina and, in some cases, myocardial 

_ infarction have occurred after abrupt discontinuation of such 
therapy. When discontinuing chronically administered timolol 
maleate, particularly in patients with ischemic heart disease, 

e dosage should be gradually reduced over a period of one 
: | to two weeks and the patient should be carefully monitored. 
. Mf angina markedly worsens or acute coronary insufficiency 

1 evelops, timolol maleate administration should be reinstitu- 
_ | ted promptly, at least temporarily, and other measures appro- 
- | priate for the management of unstable angina should be 
Ea _ taken. Patients should be warned against interruption or 
Er discontinuation of therapy without the physician's advice. 
p Because coronary artery disease is common and may be 
recognized, it may be prudent not to discontinue timolol 
E therapy abruptly even in patients treated only for 

ion. 


| phallergic Bronchospasm: |n patients with nonallergic broncho- 
as m or with a history of nonallergic bronchospasm (e.g., chronic 
onchitis, emphysema), BLOCADREN should be administered 
LN tl 1 Caution since it may block bronchodilation produced by endoge- 

Sn s and exogenous catecholamine stimulation of beta, receptors. 


_ Major Surgery: The necessity or desirability of withdrawal of beta- 
A ocking therapy prior to major surgery is controversial. Beta- 
adrenergic receptor blockade impairs the ability of the heart to 
m ond to beta-adrenergically mediated reflex stimuli. This may 
pen the risk of general anesthesia in surgical procedures. 
? patients receiving beta-adrenergic receptor blocking agents 
à e been subject to protracted severe hypotension during anes- 
dr E^ Difficulty in restarting and maintaining the heartbeat has 
SO been reported. For these reasons, in patients undergoing 
tive surgery, some authorities recommend gradual withdrawal 
i sta-adrenergic receptor blocking agents. 
- If necessary during surgery, the effects of beta- -adrenergic 
blocking agents may be reversed by sufficient doses of such 
ens as eal dopamine, dobutamine, or levarterenol 
' SAGE). 


Diabetes Mellitus: BLOCADREN should be administered with cau- 
nin patients subject to spontaneous hypoglycemia or to dia- 
bec Ese (especially those with labile diabetes) who are 
ving insulin or oral hypoglycemic agents. Beta-adrenergic 
receptor blocking agents may mask the signs and symptoms of 
acute hypoglycemia. 
Om rotoxicosis: Beta-adrenergic blockade may mask certain clini- 
(e.g. tachycardia) of hyperthyroidism. Patients suspected 
of developing thyrotoxicosis should be managed carefully to avoid 
pt withdrawal of beta blockade which might precipitate a 
oid ‘storm. 
ONS: 
i|: Impaired Hepatic or Renal Function: Since BLOCADREN 
is partially metabolized in the liver and excreted mainly by the 
-kidney dosage reductions may be necessary when hepatic and/or 
iS omm b al insufficiency i is present. 
"TUNI Do sing in the Presence of Marked Renal Failure: Marked hypoten- 
"sive responses have been seen in patients with marked renal 
rA irment undergoing dialysis after 20-mg doses. Dosing in such 
tients should therefore be especially cautious. 


IU 4m fuscle Weakness: Beta-adrenergic blockade has been reporged to 
potentiate muscle weakness consistent with certain myasthenic 
ymptoms (e.g., diplopia, ptosis, and generalized weakness). 
ol has been reported rarely to increase muscle weakness in 
" E patients with myasthenic symptoms. 

c brovascular Insufficiency: Because of potential effects of 

W drenergic blocking agents relative to blood pressure and 
Des cie should be used with caution in patients with 
ascular insufficiency. If signs or symptoms suggesting 
al blood flow Machówvei consideration should be 





bd FEN: "E E : AD = e oy L Ts TC j T 4 RT t "YS ia T Fs 
4 im e i 43 z, : | "b uk i ] QUTAMI Ate hy Sa rh Cyst t | st : IH. ii arise Pin à AA 
Dr tions: Close ot sen ation of th e patie j nt is rec CC Weg RR A! EU af - Timi lol Ma - Pi sebo i SEN 
ded LOCADREN* (Timolol Maleate, ) is adminis- - Rit FE OU eae NEST el )  (-168 - ' . 
s "red to patients recelving catecholamine-deple ng drugs such as Aud us Dose rase eui CIC I OMNE PUE e 
reserpine, because of possible additive effects A the production SKIN Sz “ Sen tee ee ee ae T3 ME s 
of hypotension and/or marked bradycardia which may produce i 14 NE 0 eta 
vertigo, syncope, or postural hypotension. NERVOUS SYSTEM Ie V pO... 
Blunting of the antihypertensive effect of beta-adrenoceptor dizzi 23 1 2 | 
blocking agents by nonsteroidal anti-inflammatory drugs has been zZINGSS 00 Qi 
reported. When using these agents concomitantly, patients should vertigo — 06 9s. gu 
be observed carefully to confirm that the desired therapeutic effect apt D 
has been obtained. m it 
Literature reports suggest that oral calcium antagonists may be decreased libido 0.6 0 T 
used in combination with beta-adrenergic blocking agents when RESPIRATORY i 
heart function is normal, but should be avoided in patients with dyspnea 1.7 0.6 A 
impaired cardiac function. Hypotension, AV conduction distur- bronchial spasm 0.6 0 rA 
bances, and left ventricular failure have been reported in some rales 0.6 0 | 
patients receiving beta-adrenergic blocking agents when an oral SPECIAL SENSES $ 
calcium entry blocker was added to the treatment regimen. Hypo- eye irritation 1.1 0e | 
tension was more likely to occur if the calcium entry blocker were tinnitus 0.6 0 4 
a dihydropyridine derivative, e.g., nifedipine, while left ventricular These data are representative of the incidence of adverse n 
failure and AV conduction disturbances were more likely to occur effects that may be observed in a properly selected hypertensive e 
with either verapamil or diltiazem. patient population, e.g., a group excluding patients with bron- 
__ Intravenous calcium entry blockers should be used with caution chospastic disease, congestive heart failure, or other contraindi- : 
In patients receiving beta-adrenergic blocking agents. cations to beta-blocker therapy. These adverse reactions can | 
The concomitant use of beta-adrenergic blocking agents and also occur in patients with coronary artery disease. 
digitalis with either diltiazem or verapamil may have additive In a different population, the coronary artery disease popula- 
effects in prolonging AV conduction time. tion, studied in the Norwegian multicenter trial (see CLINICAL 
Carcinogenesis, Mutagenesis, Impairment of Fertility: In a two- PHARMACOLOGY), the frequency of the principal adverse reac- 
year study of timolol maleate in rats, there was a statistically tions and the frequency with which these resulted in discontinu- E 
significant (p<0.05) increase in the incidence of adrenal pheo- ation of therapy in the timolol and placebo groups were: n 


chromocytomas in male rats administered 300 times the maxi- 
mum recommended human dose (1 mg/kg/day). Similar differ- 
ences were not observed in rats administered doses equivalent to 
25 or 100 times the maximum recommended human dose. In a 
lifetime study in mice, there were statistically significant (p<0.05) 
increases in the incidence of benign and malignant pulmonary 
tumors and benign uterine polyps in female mice at 500 mg/kg/ 
day, but not at 5 or 50 mg/kg/day. There was also a significant 
increase in mammary adenocarcinomas at the 500-mg/kg/day 
dose. This was associated with elevations in serum prolactin 
which occurred in female mice administered timolol at 500 mg/kg, 
but not at doses of 5 or 50 mg/kg/day. An increased incidence of 
mammary adenocarcinomas in rodents has been associated with 
administration of several other therapeutic agents which elevate 
serum prolactin, but no correlation between serum prolactin levels 
and mammary tumors has been established in man. Furthermore, 
in adult human female subjects who received oral dosages of up to 
60 mg of timolol maleate, the maximum recommended human 
oral dosage, there were no clinically meaningful changes in serum 
prolactin. 

There was a statistically significant increase (p<0.05) in the 
overall incidence of neoplasms in female mice at the 500-mg/kg/ 
day dosage level. 

Timolol maleate was devoid of mutagenic potential when evalu- 
ated in vivo (mouse) in the micronucleus test and cytogenetic 
assay (doses up to 800 mg/kg) and in vitro in a neoplastic cell 
transformation assay (up to 100 ug/ml). In Ames tests the highest 
concentrations of timolol employed, 5,000 or 10,000 ,.g/plate, 
were associated with statistically significant elevations (p<0.05) 
of revertants observed with tester strain TA100 (in seven replicate 
assays), but not in the remaining three strains. In the assays with 
tester strain TA100, no consistent dose response relationship was 
observed, nor did the ratio of test to control revertants reach 2. A ra- 
tio of 2 is usually considered the criterion for a positive Ames test. 

Reproduction and fertility studies in rats showed no adverse 
effect on male or female fertility at doses up to 150 times the 
maximum recommended human dose. 


Pregnancy — Category C: Should be used during pregnancy only if 
the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: Because of the potential for serious adverse 
reactions from timolol in nursing infants, a decision should be 
made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: 
BLOCADREN is usually well tolerated in properly selected patients. 
Most adverse effects have been mild and transient. 

In a multicenter (12-week) clinical trial comparing timolol 
maleate and placebo, the following adverse reactions were 
reported spontaneously and considered to be causally related to 
timolol maleate: 





Timolol Maleate Placebo 
(n= 176) (n= 168) 
% % 


BODY AS A WHOLE 
fatigue/tiredness 
headache 
chest pain 
asthenia 

CARDIOVASCULAR 
bradycardia 
arrhythmia 
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DIGESTIVE 
dyspepsia 
nausea 
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Adverse Reactiont Withdrawal 





= Timolol Placebo Timolol Placebo 
(n=945) (n=939) (n— 945) (n 939) 
% % 


o % 





Asthenia or Fatigue 5 1 <1 <1 
Heart Rate 

<40 beats/minute 5 <1 4 <1 
Cardiac Failure — Nonfatal 8 7 3 2 
Hypotension 3 2 3 1 
Pulmonary Edema—Nonfatal 2 <1 <1 <1 
Claudication 3 3 1 <1 
AV Block 

2nd or 3rd degree <1 <1 «1 «1 
Sinoatrial Block «1 «1 «1 «1 
Cold Hands and Feet 8 «1 «1 0 
Nausea or Digestive 

Disorders 8 6 1 «1 
Dizziness 6 4 1 0 
Bronchial Obstruction 2 «1 1 «1 


TWhen an adverse reaction recurred in a patient, it is listed 
only once. 
Only principal reason for withdrawal in each patient is listed. 


The following additional adverse effects have been reported in 
clinical experience with the drug; Body as a Whole: extremity 
pain, decreased exercise tolerance, weight loss; Cardiovascular: 
cardiac arrest, cardiac failure, cerebral vascular accident, wors- 
ening of angina pectoris, worsening of arterial insufficiency, 
Raynaud's phenomenon, palpitations, vasodilatation; Digestive: 
gastrointestinal pain, hepatomegaly, vomiting, diarrhea, dys- 
pepsia; Hematologic: nonthrombocytopenic purpura; Endo- 
crine: hyperglycemia, hypoglycemia; Skin: rash, skin irritation, 
increased pigmentation, sweating; Musculoskeletal: arthralgia; 
Nervous System: local weakness; Psychiatric: depression, 
nightmares, somnolence, insomnia, nervousness, diminished 
concentration, hallucinations; Respiratory: cough; Special 
Senses: visual disturbances, diplopia, ptosis, dry eyes; Uro- 
genital: impotence, urination difficulties. 

There have been reports of retroperitoneal fibrosis in patients 
receiving timolol maleate and in patients receiving other beta- 
adrenergic blocking agents. A causal relationship between this 
condition and therapy with beta-adrenergic blocking agents has 
not been established. 

Potential Adverse Effects: |n addition, a variety of adverse 
effects not observed in clinical trials with BLOCADREN® (Timolol 
Maleate, MSD), but reported with other beta-adrenergic block- 
ing agents, should be considered potential adverse effects of 
BLOCADREN: Nervous System: reversible mental depression 


progressing to catatonia; an acute reversible syndrome charac- _ 


terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 


decreased performance on neuropsychometrics; Cardiovascu- - 


lar: intensification of AV block (see CONTRAINDICATIONS); 
Digestive: mesenteric arterial thrombosis, ischemic colitis; 
Hematologic: agranulocytosis, thrombocytopenic purpura; 
Allergic: erythematous rash, fever combined with aching and 
sore throat, laryngospasm with respiratory distress; Miscellane- 
ous: reversible alopecia, Peyronie's disease. Multisystem syn- 
drome reported with practolol. 

Clinical Laboratory Test Findings: Slight increases in blood 
urea nitrogen, serum potassium, and serum uric acid, and slight 
decreases in hemoglobin and hematocrit occurred, but were net -. 
progressive or associated with clinical manifestations. 

684 (DC7117619). 


For more detailed information, consult your MSD 
Representative and the Prescribin Information. - 


Merck Sharp & Dohme, Division o s & Co. Nen | 
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EXPERIMENTAL STUDIES b : 

147 Cardiovascular and Pharmacokinetic Consequences of Combined Administration of Verapamil and po. 
Propranolol in Dogs PA 
SCOTT R. HAMANN, KENT E. KALTENBORN, MARY VORE, TIONG G. TAN, and B: 

R.G. McALLISTER, Jr. ^» ER 

LEN 

» The hemodynamic and pharmacokinetic effects of verapamil and propranolol, given alone and in combination, hn 
were evaluated in anesthetized dogs. The addition of propranolol to verapamil infusions decreased liver plasma i» z 


flow and, thereby, the clearance of verapamil, resulting in increased plasma concentrations of the drug and ex- — . 
aggerated drug effects. The hemodynamic and electrophysiologic effects observed were related to the plasma 
concentrations of both agents studied. The results suggest that decreases in hepatic blood flow by 6 blockade P 
reduce the rate of elimination of verapamil, and will result in higher plasma drug levels during continuing admin- — 

istration of propranolol; the converse may also occur but is not well established by the present study. Reduced — MS 


clearance of such drugs may result in profound hemodynamic and electrophysiologic toxicity. A. 

157  Usefulness of a Free Radical Scavenger in Preventing Doxorubicin-Induced Heart Failure in Dogs | z a 

% DONALD V. UNVERFERTH, CARL V. LEIER, STANLEY P. BALCERZAK, and ROBERT L. HAMLIN 3 ^ 
S^ 

Thirty-eight dogs were randomly assigned to 1 of 4 groups that included no treatment (controls), doxorubicin only — . 


and 2 dosage schedules of N-acetylcysteine to attempt to prevent heart damage. Significant cardiomyopa- Y 
thy was produced in those receiving doxorubicin; neither dosing schedule of N-acetylcysteine prevented cardiac — - D. 
toxicity. Thus, a free radical scavenger did not prevent doxorubicin-induced cardiomyopathy. 


162 Effect of Basic Pacing Cycle Length on Sinus Node Refractoriness in the Rabbit 
CHARLES R. KERR, HAROLD C. STRAUSS, and NANDA AIAMA 3 
The effective refractory period of the sinus node (SNERP) is defined as the longest premature atrial interval re- 3 
sulting in interpolation of a premature beat introduced during regular atrial pacing. In this study an isolated prepa- Hn 
ration of rabbit sinus node was used to assess the effect of basic pacing cycle length on SNERP. In 14 experi- — 
ments, SNERP could be measured at basic cycle lengths of 400, 350 and 300 ms. The mean SNERP prolonged E 
from 168 + 31 ms (+ standard deviation) at 400 ms to 181 + 37 ms at 350 ms and to 196 + 40 ms at 300 ms (p M 
<0.001). A similar result was seen during atropine superfusion. Therefore, in sinus node tissue, refractoriness E. 
prolongs with shortening of basic pacing cycle length, a response similar to that of the atrioventricular node. 

— 

HISTORICAL STUDIES 


169 Paul Dudley White: To Know Him Better 
J. WILLIS HURST 


177 Remembrances of Paul Dudley White 
W. PROCTOR HARVEY 


EDITORIALS 


| 179  Arethe Findings from the Randomized Coronary Artery Surgery Study (CASS) of Value in the 
Management of Patients Soon After Acute Myocardial Infarction? 


SHAHBUDIN H. RAHIMTOOLA 


181 Limitations, Risks and Complications of Laser Recanalization: A Cautious Approach Warranted 


f GARRETT LEE, RICHARD M. IKEDA, MING C. CHAN, MARSHALL H. LEE, JOHN L. RINK, 
d | ROBERT L. REIS, JEROLD H. THEIS, REGINALD LOW, WILLIAM J. BOMMER, ANDREW H. KUNG, 
ELIAS S. HANNA, and DEAN T. MASON 


185 Antiarrhythmic Drug Classification: New Science and Practical Applications 
DONALD C. HARRISON 


Continued on page A45 ái 
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WISE ete eS 


Programmed Electrical Stimulation of the Heart in Ventricular Arrhythmias 
PEDRO BRUGADA and HEIN J.J. WELLENS 


BRIEF REPORTS 


Ventricular Fibrillation During Coronary Angiography: Association with Potassium-Containing Glyceryl 


Trinitrate 
PETER J. QUIGLEY and BRIAN J. MAURER 


Coronary Artery Aneurysm Producing Right Ventricular Outflow Obstruction 
SIDNEY O. GOTTLIEB, DIANE SOLOMON, JAMES L. WEISS, and STEPHEN C. ACHUFF 


Atrioventricular Nodal Supraventricular Tachycardia 
JOSEPH A. VASSALLO, DENNIS M. CASSIDY, and MARK E. JOSEPHSON 


Amiodarone in Pregnancy 
IAN M. PENN, PETER A. BARRETT, VICTOR PANNIKOTE, PETER F. BARNABY, JOHN B. CAMPBELL, 
and NORMAN R. LYONS 


Prevalence of Brown Adipose Tissue in Chronic Congestive Heart Failure Secondary to Coronary 
Heart Disease 
FRANK G. SHELLOCK, MARY S. RIEDINGER, MICHAEL C. FISHBEIN, and PREDIMAN K. SHAH 


Subcostal Window: A New Portal for Recording Continuous-Wave Doppler Aortic Flow Velocities 
MARTHA L. RAMIREZ, MAYLENE WONG, and PRAVIN M. SHAH 


Usefulness of Doppler Echocardiography for Determining Hemodynamic Improvement with 
Intravenous Verapamil in Hypertrophic Cardiomyopathy 
MICHAEL COOPER, ROBERT SHADDY, NORMAN SILVERMAN, and MARLENE ENDERLEIN 


Right-Axis Deviation and Anterior Wall Thallium-201 Defect in Becker’s Muscular Dystrophy 
ROBERT N. LEVIN and KENNETH A. NARAHARA 


Localized Aortic Dissection with Rupture into the Right Atrium: Diagnosis by Computed Tomography 
and Cardiac Catheterization 


ADAM D. TIMMIS, MICHAEL D. ROSIN, and SHENAZ RAMTOOLA 


Phonocardiographic Characteristics of the Total Artificial Heart 
FRED L. ANDERSON 


A Simple Device to Obtain Reproducible Echocardiographic Apical Cross Sections 


CEES A. VISSER, GERARD KAN, and AREND J. DUNNING, With the technical assistance of 
ARIE STEENBEEK 


Continued on page A50 E 
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Clinical Clues to MIXED ANGINA 


E OR 


1 Most days she can climb the 

| stairs with no difficulty. But 
today she was less than half-way 
up when an angina attack 
stopped her. 


And because vasocon- 
striction is an unpredictable 
event, ischemia and pain occur 

E unpredictably: 
at varying levels of exercise 
at rest, or even during sleep 
upon exposure to cold 
under emotional stress 
diurnally typically in 
the morning 


PROCARDIA 


PROCARDIA® (nifedipine) 

is a primary therapy for 

the patient with MIXED 
ANGINA. It prevents vaso- 
constriction in both large 
coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 
reduce afterload and 
myocardial oxygen 
demand. 

As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin: 


(N i FEDI Pl N F) Capsules 10 mg 


Primary Protection in 


Please see PROCARDIA® (nifedipine) brief summary on next page 
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The stairs seem steeper today | 


< PROCARDIA ] 


(N | F EDI PINE) Capsules 10 mg 
PRIMARY PROTECTION IN MIXED ANGINA 
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Ms. Usual Effective Dosage: 30 to 60 mg/day 
e T 
ese For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
Ee. response, attack frequency, sublingual nitroglycerin intake and activity level as 
MX a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
EE patient is observed closely. 
E : Because PROCARDIA decreases peripheral vascular resistance (occasional 
Fi - patients have had excessive hypotension), careful monitoring of blood 
p amma pressure during initial administration and upward dosage titration is 

| JN y * . * is 

n. suggested, especially for patients taking drugs known to lower blood 
b. pressure. Occasional patients have developed increased frequency, duration or 
b. severity of angina on starting PROCARDIA or at the time of dosage increases. r 
re? 
b. A Favorable Safety Profile 
Eo. Most frequently reported side effects, usually mild, are dizziness or 
. . Reference: | lightheadedness, peripheral edema, nausea, weakness, headache and 
mh JAM ra E zd Aet E. mcd flushing, each occurring in about 1095 of patients, transient hypotension in 
"angina pectoris: Significance of the presence of about 5%, palpitation in about 2% and syncope in about 0.5%. 

` coronary vasospasm. Am Heart J 106:644-652. 

ET. 1983. 
E 

E^ Brief Summary the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
d. "s PROCARDIA? (nifedipine) Capsules For Oral Use roth Le care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 
INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
Sospastic angina confirmed by any of the following criteria: 1) classical pattern of angina at rest accompanied by ST seg- 


: phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncertain 
ment elevation, 2) angina or coronary artery spasm provoked by ergonovine, or 3) angiographically demonstrated ^ jn most cases. but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
< {Snot incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA reported. 
pc. May also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation 
~ Not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- ^ and increase in bleeding time in some PROCARDIA patients. No clinical significance for these findings has been 
iy E findings Ue compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequale ^ demonstrated. 
—.... O0SeS of bela blockers. AU Drug interactions: Bela-adrenergic blocking agents: (See Indications and Warnin s.) Experience in over 1400 pa- 
? ... ll. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated forthe management of tients a non-comparative clinical trial has shown that concomitant administration ol PROCARDIA and bela-blocking 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomaficde- agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
t. Spite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents. — increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina, 
~~ Inchronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight Long-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
- weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- Studies to evaluate the antianginal effectiveness of this combination. 7 
fess and evaluation of long-term safely in these patients are incomplete. Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
~~ __ Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
= may be beneficial in patients with chronic stable angina, but available information is not sufficient to predict with conti- nary artery disease. In an uncontrolled study of over two hundred patients with congestive heart failure during which di- 
a dence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac goxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of 
t... conduction abnormalities. When pd wea such concomitant therapy, care must be taken to monitor blood pressure patients with elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and 
_ Closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS. ) discontinuing PROCARDIA to avoid possible over- or under-digitalization. 
_ CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 


os 


LIIW WE 


Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
_ WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modestand ^ licoagulants to whom PROCARDIA was administered. KN ; TW 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (8096) 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- and area-under-the-curve (74%) after a one week course of ci 


$ 
t 
E metidine at 1000 mg per day and nifedipine at 40 mg per 
r tients on concomitant beta blockers day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently receiv- 
____ Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA ing cimetidine, cautious titration is advised. T4 Y 
| together with a beta blocking agent who underwent coronary artery bypass surgery Es dose fentany! anesthesia. Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a beta blocker, but the and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
-. possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other Surgical procedures, or with approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 
- . anesthesia is contemplated, the physician should be aware of these potential problems and, if the patient's condition — and rabbits. here are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
tec permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to pregnancy only if the potential benefit justifies the potential risk to the fetus. 


= Surgery. ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, 


+ angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established but paipration in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 
- could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart rate, ROCARDIA or concomitant antianginal medication. Additionally, the following have been repor led: muscle cramps, 
L Or from increased demand resulting from increased heart rate alone. nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome within- flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
creased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will not dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 

fevent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
m occasional reports of increased angina in a setting of bela blocker withdrawal and PROCARDIA initiation. Itis im- ^ associated with an increase in anginal pain, possibly due to associated hypotension. 


portant to taper bela blockers if possible, rather than stopping them abruptly before beginning PROCARDIA. : In er He more ser nae adverse ac with mca not readily ea ane from " à os phe at me 
: d. ui ; In? isease in these patients. It remains possible, owever, that some or many of these events were rug related. Myocardia 
f ER PROCARDI are: Rarely, patients, usually m ied M. a come neart failure efter begin: -infarction occurred tn shout ane of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular ar- 
| MA E . 


: rhythmias or conduction disturbances each occurred in fewer than 0.5% of patients. 

___ PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 5 : ! sae ; 
~ itoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. Close observation is MS UNUM: pe ics PI NBC 0069. 2600-56) 300 (ND ins 10mg o! nitedipine. Hir rih (HUC 
|. eS ecially recommended for patients already taking medications that are known to lower blood pressure. (See 69 2800-41. Th Rules eh MA ibd iron Natl I ote d stored d AKANG i 
A WARNINGS ) 0059-2000- JA S caps ess ou e protec ec rom igh and moisture and stored at controlled room temperature 
;. , Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 0 77°F (15° to 25°C) in the manufacturer's original container. 


^ 
M left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarilyin Moredetailed professional information available on request. Revised January 1985 © 1982. Pfizer Inc. 
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2-D Echocardiography 
Ever Published 


Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology. Guayaquil. Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester. Massachusetts 
ISBN 0-914316-35-4, 198 pp. illus., large format 8% x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 


Day 1 


Day 2 





m m m m m m Order Form wm um mm um m um ng 
All books sent on 30 day approval 3 


[3 Please send me Atlas of 2-Dimensional Echocardiography 1 
(0031) $69.00 

(3 Enclosed is my check tor ____ 
Yorke pays postage. (same return privilege) 

C Please bill my O VISA C] MasterCard 


which includes $1.50 for handling. i 


(same return privilege) 1 
RSET ES Seca o umi 1 


Signature Exp. Date Interbank No. (M/C) 
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p (3 Please bill me plus postage and handling. (U.S. and Canadian orders only) 1 
R Name 
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i 


Address Se ee. ae 


Gity/State/Zip. ————— —————————————————— — — l 
Send orders to: q 


Yorke Medical Books 
Box C-757 Brooklyn, New York 11205 MEUS 
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Acute 
Myocardial 
Infarction: 


Changing Concepts of 
Mechanism and Treatment 


A Two-Day Symposium 
presented by 

The Graduate Hospital 
Philadelphia 


Sept. 30 & Oct. 1, 1989 


Role of Plaques 
Stenoses & Vasomotion 


Amplifiers of Coronary 
Contraction & Vasospasm 


Role of Thrombi 

Time Course of Cell Death 
Detection of MI 
Determining Infarct Size 


Cellular Basis for Cell 
Preservation 


I.V. Streptokinase 

TPA Therapy for MI 
Thrombolytic Agents 

Role of Vasospasm 

Balloon Dilitation Angioplasty 
Bypass Surgery for Acute MI 
Surgery for Complications of MI 


For more information: 


Phone: (215) 893-2375 or 

Write: RESEARCH SYMPOSIUM 

The Graduate Hospital 
Research Center 

One Graduate Plaza 

Philadelphia, PA 19146 
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| The AJC in July 1960 
(WILLIAM C. ROBERTS 


THE EDITOR 
WILLIAM C. ROBERTS 


CME Test on page 130 | 
INSTRUCTIONS TO AUTHORS on page 168 


CORRECTION 


In the April 15, 1985 issue on page 1218 (Occluding Clot in 
the Left Main Coronary Artery with Survival Long Enough to 
Develop Massive Left Ventricular Necrosis [I.J. Mas et al]), the 


name Padma K. Shutlk is incorrectly spelled. The correct spelling 
is Padma K. Shukla. 
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Safe from complications 
due to diuretic-induced K*loss 


Unlike some diuretics, Lopressor does not waste potassium or cause 
hypokalemia which has been implicated in cardiac arrhythmias. Some diuretic 
therapy requires professional monitoring for potassium depletion. 





Excellent safety record 


Lopressor is generally well tolerated. Shortness of breath and bradycardia 
have occasionally been reported. Cardioselectivity* offers an added margin 
of safety compared to nonselective beta blockers. 





A safe bet for compliance 


The combination of once-a-day dosage and good tolerability makes 
a Lopressor regimen easy for patients to stay with. 





"Exerts a relative preference for beta-one receptors; this preference is not absolute. 


Contraindicated in heart block greater than first degree, sinus bradycardia, 
cardiogenic shock, and overt heart failure. Side effects with Lopressor are 
generally mild and transient, the most common being tiredness, dizziness, 
depression, and diarrhea. 


Please see next page for Brief Summary of Prescribing Information. 
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DICATIONS AND USAGE 
1 Hypertensio sion 
ressc "tablets are indicated for the treatment of hyper- 

: Ma] may be used alone or in combination with 
ais E rtensive agents. 

. Myocerdia Infarction 
pressor ampuls and tablets are indicated in the treatment 
emodynamically stable patients with definite or sus- 
Dec! .cted acute myocardial infarction to reduce cardiovascular 
mortality. Treatment with intravenous Lopressor can be initi- 
Mortal soon as the patient's clinical condition allows (see 
TT DO MAE AND ADMINISTRATION, CONTRAINDICA- 
ONS, and WARNINGS). Alternatively, treatment can be- 
n within 3 to 10 days of the acute event (see DOSAGE 
IND ADMINISTRATION). 


Bc ONTRAINDICATIONS 

_ Hypertension 

T Lo pressor is contraindicated in sinus bradycardia, heart 

i= k greater than first degree, cardiogenic shock, and overt 
ca irdiac failure (see WARNINGS). 

— Myocardial Infarction 

; gel is contraindicated in patients with a heart rate 

< 45 beats/min; significant heart block greater than first 

- degree (P-R interval = 0.24 sec); systolic blood pressure 

= Nas or moderate-to-severe cardiac failure (see 


(adil 

rtensio 
aac Failure: Sympathetic stimulation is a vital compo- 
pele circulatory function in congestive heart 
failure, and beta blockade carries the potential hazard of 
yd her depressing myocardial contractility and precipitating 
- —more severe failure. In hypertensive patients who have con- 
| ge jestive heart failure controlled by digitalis and diuretics, 
—— Lopressor should be administered cautiously. Both digitalis 

Lp. án ind Lopressor slow AV conduction. 

,, In Patients Without a History of Cardiac Failure: Con- 
inued depression of the myocardium with beta-blocking 
nts over a 
= cardiac failure. At the first sign or symptom of impending 

ardiac failure, patients should be fully digitalized and/or 
_ given a diuretic. The response should be observed closely. 
cardiac failure continues, despite adequate digitalization 
and diuretic therapy, Lopressor should be withdrawn. 


period of time can, in some cases, lead to 






"Ischemic Heart Disease: Following abrupt cessa- 

- tion of therapy with certain beta-blocking agents, exac- 

| erbations of angina pectoris and, in some cases, 
“myocardial infarction have been reported. Even in the 
absence of overt ome pectoris, when discontinuing 

| therapy, Lopressor should not be withdrawn abruptly, 

^. | and patients should be cautioned against interruption 
"d » - of therapy without the physician's advice (see PRE- 
QUART S, Information for Patients). 





































astic Diseases: PATIENTS WITH 
Uc PASTIC DISEASES SHOULD, IN GEN- 
ERAL, NOT RECEIVE BETA BLOCKERS. Because of 
pns relative beta, selectivity, however, Lopressor ^ed 
e used with caution in patients with bronchospastic 
lisease who do not respond to, or cannot tolerate, 
E er M ymenensive treatment. Since beta, 
ny not absolute, a beta,-stimulating agent 
Yould be administered concomita antly, and the 
st possible dose of Lopressor should be used. 
In these circumstances it would be prudent initially 
A administer Lopressor in smaller doses three times 
3 y instead of larger doses two times daily, to 
Y ven d the higher plasma levels associated with the 
vxo dosing interval. (See DOSAGE AND 
aged ION.) 
ei | blocking The necessity or desirability of withdraw- 
in beta-bloc in pene prior to major surgery is contro- 
rsial; the impaired ability of the heart to respond to reflex 
energic stimuli may augment the risks of general anes- 
i and apioa rocedures. 
or, like other beta blockers, is a competitive 
of beta- -receptor agonists, and its effects can be 
ioy administration of such agents, e.g., dobu- 
p ine or isoproterenol. However, such patients may be 
iss. bject to protracted severe hypotension. Difficulty in 
'estarting and maintaining the heart beat has also been 
_ reported with beta blockers. 
. Diabetes and Hypoglycemia: Lopressor should be used 
caution in diabetic patients if a beta-blocking agent is 
Sikes Beta blockers may mask tachycardia occurring 
vith hypoglycemia, but other manifestations such as 
di: ZINESS and sweating may not be significantly affected. 
otoxicosis: Beta-adrenergic blockade may mask 
ain clinical signs (e.g., tachycardia) of hyperthyroidism. 
ents suspected of developing thyrotoxicosis should be 
mar aged carefully to avoid abrupt withdrawal of beta block- 
a, which might precipitate a thyroid storm. 
iyocardial Infarction 
E Ca rdiac Failure: Sympathetic stimulation is a vital compo- 
E supporting circulatory function, and beta blockade 
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During treatment: ressor, the hemod ynamic- | and have revealed n y ; 
status of the patien t should be be carefully monitored. It heart if r icity due to Li oase 1p TE 
failure occurs or persists de ene appropriate ! treatment, loss and decreased \ occur in the rats - 
Lopressor should be discont (threshold between 500 mg/kg), and distribution — 
radycardia: Lopressor arial a decrease in sinus studies in mice confirm exposure of the fetus when ; 
heart rate in most — this decrease is greatest Lopressor is administered to the t animal. There are 
among patients with high initial heart rates and least among no adequate and well-controlled studies in ant 


patients with low initial heart rates. Acute myocardial infarc- 
tion n inferior infarction) may in itself produce 
significant lowering of the sinus rate. If the sinus rate de- 
creases to — 40 beats/min, particularly if associated with 
evidence of lowered cardiac output, atropine (0.25-0.5 mg) 
should be administered intravenously. If treatment with AD 
pine is not successful, Lopressor should be discontinued, 
and cautious administration of isoproterenol or installation 
of a cardiac pacemaker should be considered. 

AV Block: Lopressor slows AV conduction and may pro- 
duce significant first-(P-R interval =0.26 sec), second-, or 
third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful, 
cautious administration of isoproterenol or installation of 
a cardiac pacemaker should be considered. 

Hypotension: If hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH 
BRONCHOSPASTIC DISEASES SHOULD, IN GEN- 
ERAL, NOT RECEIVE BETA BLOCKERS. Because of 
its relative beta, selectivity, Lopressor may be used 
with extreme caution in patients with bronchospastic 
disease. Because it is unknown to what extent beta,- 
stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents 
should not be used prophylactically. If broncho- 
spasm not related to congestive heart failure occurs, 
Lopressor should be discontinued. A theophylline 
derivative or a beta, agonist may be administered 
cautiously, dependin ng on the clinical condition of 
the patient. Both theophylline derivatives and beta, 
agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 
General 
Lopressor should be used with caution in patients with im- 
panpa hepatic function. 
formation for Patients 
Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
gis 
tients should know how they react to this medicine 

before they operate automobiles and machinery or engage 
in other tasks pouting alertness. Patients should contact 
the physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 
Drug Interactions 
Catecholamine-depleting drugs (e.g., reserpine) may have 
an additive effect when given with beta-blocking agents. 
Patients treated with Lopressor plus a catecholamine de- 
por should therefore be closely observed for evidence of 

ypotension or marked bradycardia, which may produce 
vertigo, syncope, or postural hypotension. 
Carcinogenesis, Mutagenesis, Impairment of 
Fertility 
Long-term studies in animals have been conducted to eval- 
uate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced tox- 
icity at or below oral dosages of 105 mg/kg per day. In 2- 
year studies in rats at three oral dosage levels of up to 800 
mg/kg per day, there was no increase in the development of 
spontaneously Veiis, benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiv- 
ing the highest dose than in untreated control animals. 
There was no increase in malignant or total (benign plus 
malignant) lung tumors, nor in the overall incidence of tu- 
mors or malignant tumors. This 21-month puey was re- 
peated, and no statistically or biologically significant 
differences were observed between treated and control 
mice of either sex for any type of tumor. 





women. Because animal reproduction studies are not al- 
ways predictive of human response, this [paura be 
used during pregnancy only if clearly n 

Nursing Mothers 

Lopressor is excreted in breast milk in eds small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
Hypertension a 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, 
nightmares, and insomnia have also been reported, but a 
Mr eben is not clear. 

rdiovascular: Shortness of breath and bradycardia 
have occurred in approximately 3 of Pop atients. Cold ex- 
tremities; arterial insufficien Dera As of the Raynaud type; 
palpitations; and congestive heart failure have been re- 
rted. (See CONTRAINDICATIONS, WARNINGS, and 


RECAUTIONS. 
Was ti ote eezing (bronchospasm) has been re- 
in fewer than 1 of 100 patients (see WARNINGS). 
P" Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, gastric pain, constipation, flatulence, 
and heartburn have been reported in 1 of 100, or fewer, 


patients. 
sitive Reactions: Pruritus has occurred in 
fewer than 1 of 100 patients. Rash has been reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Alopecia has been 
reported. 

The oculomucocutaneous syndrome associated with the 
beta blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, con- 
fusion, and reduced libido have also been reported, but a 
«rug eee is not clear. 

rdiovascular: In the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
M MT section, the following adverse reactions were 
reported: 


Lopressor Placebo 
oana 27.4% 23.2% 
systolic BP < 90 mmHg) 

Es ycardia 15.996 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Res sy lyre Dyspnea of pulmonary origin has beén re- 
in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have 
been reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a jede Pe relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been ee but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short- 
term memory loss, emotional lability, slightly clouded sen- 
sorium, and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CON- 
TRAINDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic 
purpura, thrombocytopenic purpura. 

persensitive tions: Fever combined with aching 
and re throat, laryngospasm, and respiratory distress. 
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Value and Limitations of Exercise Radionuclide 
Angiography for Detecting Myocardial Ischemia 
in Healed Myocardial Infarction 


GARY D. PLOTNICK, MD, LEWIS C. BECKER, MD, and MICHAEL L. FISHER, MD 





Exercise radionuclide anglography was performed 
in 65 normal subjects (group I), in 31 patients with 
exercise-induced transient thallium defects after 
acute myocardial infarction (AMI) (group li), and in 
16 patients without exercise-induced transient 
thalllum defects, angina or electrocardiographic 
changes after AMI (group Ill), Absolute left ven- 
tricular (LV) volumes were measured using a cor- 
rection for attenuation in each patient. Similar peak 
heart rate-blood pressure products were achleved 
in groups Il and Ill. Although the mean LV ejection 
fraction (EF) response to exercise In group IH (in- 
crease öf 0.11 + 0.10 units) closely resembled that 
of normal persons (Increase of 0.14 + 0.09 units) 
and was significantly different from that of group Il 
(decrease of 0.04 + 0.12), there was considerable 
Individual variatlon. An abnormal EF response to 
exercise, défined as failure of EF to increase by at 
least 0.05 units, was found in 6 subjects (996) in 
group I, 26 patients (8496) in group Il, and 2 patients 
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(1396) in group Ill. End-systolic volume falled to 
decrease in 10 subjects (15%) in group I, 25 pa- 
tients (81%) In group II and 7 patlents (44%) In 
group Ill. New regional wall motion abnormal- 
ities were found in no subject In group I, in 16 pa- 
tients (52% ) in group Il and in only 1 patient (696) 
in group lll. 

Thus, although group responses of EF or end- 
systolic volume appeared to correlate with the 
presence or absence of ischemla, some patients 
with exercise-induced transient thallium defects 
after AMI responded normally to exercise radionu- 
clide angiography stress testing and some patlents 
without other evidence of exercise-induced Ische- 
mia after AMI responded to exercise radionuclide 
anglography testing abnormally. The development 
of a new motion abnormality In the postinfarctlon 
patient was a relatively specific but insensitlve in- 
dicator of myocardial ischemia. 

(Am J Cardiol 1985;56:1-7) . 


Patients who have exercise-induced ischemia after acute 
myocardial infarction (AMI) are at high risk for coro- 
nary events and cardiac death.!§ Exercise radionuclide 
angiography has been used to identify patients with 
myocardial ischemia, based on either new regional wall 


2 EXERCISE RADIONUCLIDE ANGIOGRAPHY 


motion abnormalities or on global function criteria: an 
abnormal ejection fraction (EF) response, an abnormal 
end-systolic volume response or both.?-9 Although 
results of radionuclide angiography have been well 
studied in patients with normal baseline function, the 
significance of these responses in patients with abnor- 
mal baseline function, particularly those with previous 
AMI, remains unclear. It is possible that the presence 
of substantial regional scarring with consequent loss of 
functional reserve may result in abnormal exercise re- 
sponses even without exercise-induced myocardial 
ischemia. This study evaluates the effect of previous 
AMI on the left ventricular (LV) response to exercise 
and determines the sensitivity and specificity of exercise 
radionuclide angiography in detecting residual myo- 
cardial ischemia in the postinfarction patient. 


Methods 


Study population: Group I consisted of 65 normal subjects, 
aged 25 to 70 years, who were participants in the Baltimore 
Longitudinal Study of Aging.!! Each subject was free of de- 
tectable cardiac disease on the basis of history and physical 
examination and had normal rest and stress electrocardio- 
graphic responses. 

Groups II and III consisted of 47 patients, aged 37 to 70 
years, evaluated an average of 3.6 months after documented 
AMI. AMI was documented on the basis of typical history of 
prolonged chest pain, combined with diagnostic electrocar- 
diographic changes and an increase in serum creatine kinase 
levels.!* Twenty-nine patients were evaluated 2 months after 
AMI as part of a follow-up of a prospective, randomized study 
on the acute effect of nifedipine on AMI. Patients with pul- 
monary edema, hypotension (systolic pressure less than 90 
mm Hg) or EF less than 3096 during the initial hospitalization 

. were excluded and no patient was receiving nifedipine at the 
time of our evaluation. The remaining 18 patients were eval- 
uated for clinical purposes 3 to 12 months after AMI. 

The location of the AMI was defined electrocardiographi- 
cally as anterior by primary ST-segment or T-wave changes 
or Q waves in leads 1, AVL or V1. g, or as inferior by changes 
in leads 2, 3 or AVF. Q-wave infarctions were defined by the 
presence of abnormal Q waves with a duration of 0.04 second 
or longer and a depth of 25% or more of the R wave in the same 
lead. 

Patients were placed in group II or group IH according to 
the results of the stress and redistribution thallium-201 
scans. | 

Exercise electrocardiography and exercise and re- 
distribution thallium scintigraphy: In the present study, 
exercise treadmill stress tests were conducted according to 
standard protocol!? with monitoring of multiple electrocar- 
diographic leads (1, 2, 3, aVL, aVF and Vi). All subjects 
exercised until achievement of 9096 maximal predicted heart 
rate, progressive chest pain, ischemic S'T-segment changes, 
or exhaustion. Ischemic ST-segment changes were defined as 
1 mm or more of horizontal or downsloping ST-segment de- 
pression in a patient with a normal baseline electrocardio- 
gram!4 or 2 mm or more depression more than resting ST 
segment in a patient with an abnormal baseline ST segment. 
Exercise and redistribution thallium scintigrams were ac- 
quired in all subjects using standard techniques.1916 One 
minute before the end of treadmill exercise 1.5 to 2.0 mCi of 
thallium-201 were injected intravenously and beginning 5 
minutes later, images were recorded with the patient supine 
in the anterior, 40? left anterior oblique and 60? left anterior 
oblique views using an Anger-type scintillation camera (Ohio 


Nuclear Series 120 or 420) equipped with a general, all-pur- 
pose, low-energy, parallel-hole collimator. Images contained 
400,000 counts full field and were stored on magnetic disks in 
a 128 X 128 matrix (Medical Data Systems). Redistribution 
images were obtained in a similar manner 3 to 5 hours later. 
Scintigraphic images were analyzed subjectively without 
background correction or computer processing. Matching 
views from exercise and redistribution were displayed as pairs 
and scans were interpreted as: normal—homogenous tracer 
distribution in the region of the LV myocardium with no focal 
reduction in tracer uptake; abnormal-fixed defect —f 
reduction in tracer uptake without change between the ex- 
ercise and redistribution images; and abnormal-fixed plus 
transient defect —similar to fixed defect with an additional 
focal reduction in tracer uptake on the exercise images with 
improvement on the redistribution images. 

All subjects in group I had normal electrocardiographic and 
thallium treadmill stress test responses. Group H consisted 
of 31 patients whose exercise thallium test after AMI was in- 
terpreted as abnormal-fixed plus transient defect. Although 
18 patients had symptoms of postinfarction angina, treadmill 
testing elicited angina pectoris in only 5. Seventeen had ex- 
ercise-induced ischemic electrocardiographic changes. Group 
III consisted of 16 patients whose exercise thallium test after 
AMI was interpreted as abnormal-fixed defect. None of the 
group III patients had exercise-induced angina or exercise- 
induced ischemic electrocardiographic changes. 

The patient population consisted predominantly of mid- 
dle-aged men. Age and sex did not differ significantly among 
the 3 groups (Table I). No patient had congestive heart failure, 
valvular heart disease or unstable angina pectoris. Whereas 
group III had more patients with anterior AMI (63% vs 23%, 
p <0.025), groups II and III were comparable with respect to 
type (Q-wave vs non-Q-wave), size of previous AMI and time 
from AMI to study. More patients in group II had received 
B-blocker and nitrate therapy. However, the difference in 
medication usage between groups II and III was not statisti- 
cally significant. 

Rest and exercise radionuclide angiography: Rest and 
exercise equilibrium radionuclide images were obtained in all 
postinfarction patients within 1 to 7 days after the exercise 
thallium scintigraphy and in normal subjects within 1 to 3 
months. After blood pool equilibrium of red blood cells labeled 
by the modified in vivo technique using technetium-99m 
pertechnetate, 12 mCi/m? body surface area,!™18 gated cardiac 
blood pool scans were obtained in an approximately 40? left 
anterior oblique projection (to best separate the right and left 
ventricles) with the patient in the upright position. Images 
were acquired with a medium-sensitivity, parallel-hole colli- 
mator attached to a standard Anger camera interfaced with 
a commercial nuclear medicine computer system.!^ Data were 
acquired in 1.9 X zoom with 275,000 counts collected in at least 
1 of 14 frames over the cardiac cycle. Subjects underwent 
continuous graded upright bicycle ergometry starting at 25 
W and increasing in increments of 25 W for each successive 
period. Each exercise period was 3 minutes in duration and 
images were acquired during the last 2.5 minutes of each pe- 
riod. Brachial arterial cuff pressure was measured at the 
midpoint of each exercise period and an electrocardiogram 
was recorded each minute. Termination criteria were similar 
to those used for the treadmill exercise test. Only the stud- 
ies acquired at rest and at peak exercise were used for this 
analysis. 

The LV time-activity curve was generated using conven- 
tional software (Medical Data Systems) containing semiau- 
tomatic edge detection and computer-determined background 
algorithms. LVEF was automatically calculated from the 
background-corrected time-activity curve. LV end-diastolic 


50 + 13 
25-70 
72% 


144 + 40t 
52 + 19t 
91425 

6.34 + 1.73 
71+ 12 

126 + 17 

0.64 + 0.177 


tlon. 


1t-hased = 


56 
37 


f T ta 
- 
` 








- in-group I, 26 patients (84%) in group II, and 15 pa- exercise were 5.1 + 1.2in group I, 2.7 + 1.1 in group I. - - | 
' tients (94%) in group III had baseline wall motion and 3.8 + 1.0 in group IIT, and peak heart rate-blood 


i TABLE: il. -Peak Exercise Values Compared with Baseline Values In Groups | Mande ce 
a n d EDV - ‘ESV SV ^ 7.00 HR. 07 BB 0 7075 
"my ' ^ (ml) © (m). >, (m) . :- (Iiters/min). ., (beats/min) (mmHg). . EF: *.. 
D P Re r4 T i . ] s . E 
: RUP ema À | | | - re x d "EE E 
e Pre 144140 52+ 19 91+ 25 6.34 + 1.73 71+ 12 126 +.17 0.64 +:0.07 “Ne 
D Peak 154 + 44 35 + 20 119 +.31 20.25 = 2.11 151 £21 199 + 28 0.78 + 0.09. . ^ 
[. «8 Ae +10431* -17418T +28422T 413.914 20.801 +804201 +734 261 +0.14 + 0.09T- d 
D: , Group i (ischemic) ; i Sadi MATS. : CS ite i 1 
Pre 178 + 54 84 + 40 94 + 26 5.78 1.08 . 62+13 1493418. 0.53+40.11.°. 
1 . Peak i 206 + 51 97 + 44 108 + 30 12.27 + 3.47 114 + 29 186 + 21 .0.52 +0.11 | 
} CA l +28 + 33t +13£22t +14 + 22t +6.49 + 2.59! : 52 + 24t +42+20? —0.01 + 0.08 ae 
Group ili ed ek l mE mE ML - 
B, " 180-48 86425 94431 6.17 + 2.00 6719 128-14 — 053-009. ° 
E PAK , 219+ 54 81+ 35 138 +°41 16.50 + 4:73 122 i 12 189 + 10 0.65 + 0.12" . 
ie 2 "A . +39 i365! | —4 +23 -+43.4 31 +10.34 + 3.941 56+15' +624 s2 +0.13 + 0.087. i 
"p «0.01; f p «0.001. | FIM 
<>. BP = blood pressure; EDV = end-diastolic volume; EF = ejection fractlon; ESV = anlaya volume; ae heart ate; Peak = poak: exercise 
k value Pre = = SARIEI value; SV = stroke volume; A = peak Serie minus DISeXerese value. 
* ^ pressure did not differ among em 3 groups. No patient. H and IM were comparable. l'hestage.achieved at peak `. 
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heart rate and blood pressure at peak exercise compared 
with baseline preexercise values (Table II). End-dia- 
stolic volume increased more in groups II and III than 
in group I (p <0.02), while stroke volume and cardiac 
output increased more in groups I and III than in group 
II (p <0.05). Maximal heart rate was higher in group I 
than in groups II and III (p «0.005). At peak exercise, 
EF increased significantly in group I (+0.14 + 0.09) and 
in group III (+0.13 + 0.08), but did not change signifi- 
i cantly in group II (—0.01 + 0.06) (Fig. 1). End-systolic 

volume decreased significantly in group I (—17 + 18 ml), 
whereas end-systolic volume increased significantly in 
group II (+13 + 22 ml), and did not change significantly 
in group III. 

Most subjects in group I and group III had a normal 
EF response at peak exercise, whereas most patients in 
group II had an abnormal response (Fig. 1). Most of the 
subjects in group I and half in group III had a normal 
end-systolic volume response and most patients in 
group IIl had an abnormal response (Fig. 2). Group 
overlap was evident, with an abnormal EF response in 
6 subjects (9%) in group I and 2 (13%) in group III, EF 
response was normal in 5 patients (16%) in group II. 
End-systolic volume response was abnormal in 10 pa- 
tients (1596) in group I and 7 (4496) in group III and a 
normal end-systolic volume response was seen in 6 
(1990) in group II. New regional wall motion abnor- 
malities were found in no patient in group I, in 16 (52%) 
in group II and in 1 patient (6%) in group III. For pa- 
tients with previous AMI (groups II and IID), the sen- 
sitivity, specificity and predictive accuracy of EF re- 
sponse, end-systolic volume response, and new regional 
wall motion abnormalities are shown in Table III. New 
regional wall motion abnormalities occurred more often 
in patients with non-Q-wave infarctions (p «0.0005), 
who had smaller baseline end-systolic volumes (p «0.05) 
and higher EFs (p «0.05). 

Of the 10 patients in group II who had S'T-segment 
depression or angina during exercise gated blood pool 
imaging, none had a normal EF response, 9 had new 
regional wall motion abnormalities, and the mean 
change in EF was —0.07 + 0.08. In contrast, 21 patients 
terminated the exercise evaluation due to fatigue and 
5 had a normal EF response; mean change in EF was 
+0.02 + 0.07 (p <0.05) and a new regional wall motion 
abnormality developed in 7 (p «0.025). À significant 
correlation was found between the magnitude of the 
ST-segment shift and the magnitude of the change in 
EF. Mean change in EF was —0.08 + 0.08 in patients 
with 2 mm or more of transient ST-segment depression, 
—0. 02 + 0.05 in patients with 1 or 2 mm of ST-segment 
depression, and +0.02 + 0.08 in patients with less than 
1 mm of ST-segment depression (p «0.02). 

Eleven patients in group II and 4 in group III had a 
rest EF below normal (less than 0.50). EF increased at 
least0. 05 units in 4 of these 11 patients in group II and 
all 4 patients i in group TII. Overall, the exercise responses 
of patients with an abnormal preexercise EF did not 
differ significantly from those of patients with a normal 
baseline EF. 

End-diastolic volume and end-systolic volume before 
exercise and at peak exercise are shown in Figure 3. 
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TABLE I! Sensitivity, Specificity and Predictlve Accuracy 
of Radionuclide Anglography In Detecting 
Ischemla in Postinfarctlon Patients 


PA of PA of 
Abnormal! Normal 
Sens Spec Response Response 
EF 84% 88% 93% 74% 
ESV 81% 56% 78% 60% 
New RWM 52% 94% 94% 50% 
EF or ESV 87% 5696 7996 6996 
EF, ESV or new RWM 9496 5696 8196 82% 
EF and new RWM 45% 94% 93% 47 9 


= election fraction; ESV = end-systolic volume; PA = predictive 
uda EWM regional wall motion on abnormality; Sens = sensitivity; 
Spec = specificity. 


Preexercise end-diastolic volume and end-systolic 
volume were smaller in group I than in the 2 post-AMI 
groups, but end-diastolic volume and end-systolic vol- 
ume were comparable for groups II and III. With exer- 
cise, the increase in heart rate was greater in group I, but 
comparable peak heart rate was found in groups II and 
III. At peak exercise in group I, mean end-diastolic 
volume increased and mean end-systolic volume de- 
creased, resulting in an increase in mean EF. In group 
II at peak exercise, both end-diastolic volume and 
end-systolic volume increased, resulting in no change 
or a decrease in EF. In group III at peak exercise, mean 
end-diastolic volume increased markedly and mean 
end-systolic volume changed little, resulting in an in- 
crease in mean EF. Further subdivision as to the exact 
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FIGURE 3. End-dlastolic volume (EDV) and end-systolic volume (ESV) 
at baseline before exercise (PRE) and at peak exercise (PEAK) in group 
| (normal), group !! (ischemic) and group Ill (fixed). Mean + standard error 
of mean are indicated. * p «0.05. 
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TABLE IV. . Saas of Mechanism of Ejection Fractlon Response at Peak Exercise E 


Normal EF Response 


Compared with Baseline 
A B 
(EDV f, (EDV |. 
ESV |) ESV 14) 
Group | (normal) 
n= 65 38 (0) 17 (0) 
Group !! (Ischemlc) ae 
(n= 31 3 (1) 1 (1) 
ec E (fixed) 
= 18) 9 (0) 0 (0) 


Abnormal EF Response E 
E 


C D 
(EDV ff, (EDV 1, (EDV |, 
ESV |) ESV f) ESV i) 
4 (0) 6 (0) 0 (0) 
1 (0) 24 (12) 2 (2) 
5 (0) 2 (1) 0 (0) 


aa in parenthesis Indicate number of patients in each group with new regional wall motion 


abnormailties. 


EDV = end-diastolic volume; ESV = end-systolic volume; f = 


| = decreased; || = markedly decreased. 


response in individual patients is shown in Table IV. A 
normal EF response occurred as a result of either in- 


crease in end-diastolic volume with a decrease in end- 
systolic volume (A), a decrease in end-diastolic volume 
with a marked decrease in end-systolic volume (B), or 
an increase in end-systolic volume with a marked in- 


'- crease in end-diastolic volume (C). An abnormal EF 


response occurred as a result of an increase in both 


_ end-diastolic volume and end-systolic volume (D) or a 
‘decrease in both end-diastolic volume and end-systolic 


volume (E). Although 55 of 65 normal subjects (group 


TD manifested both a normal EF response and a normal 
' ..end-systolic volume response (A or B), only 38 mani- 
^ fested the typical response (A). Response A was found 
. in9 of 16 group III patients but in only 3 of 31 group II 
- patients. The typical ischemic response (D) was found 
" in 24 of 31 group II patients, but also in 6 group I pa- 
. tients and 2 group III patients. The end-diastolic vol- 
- ume, end-systolic volume or EF responses of the 12 
-.. group II patients and the 4 group III receiving 6-blocker 
- drugs did not differ from those of patients not receiving 
them. 


Discussion 


Exercise radionuclide angiography is in widespread 
use in the evaluation of patients without previous 
AMI.24-27 Unfortunately, our observations suggest some 


limitations of using this technique to routinely evaluate 
patients after infarction. 


Our postinfarction patients who had no evidence of 


"myocardial ischemia (group III) tended to respond to’ 
"upright bicycle exercise in a manner comparable to 

. normal persons, whereas postinfarction patients who 
had thallium-documented myocardial ischemia as a 
group tended to respond abnormally. Most of these 
-` patients had an increase in end-systolic volume at peak 
"exercise and an EF that either decreased or increased 
.. less than 0.05 units at peak exercise. Although group 


responses of EF and end-systolic volume at peak exer- 


‘cise correlated with the presence or absence of myo- 
, cardial ischemia, inconsistent individual responses in 
the postinfarction patients resulted in relatively dis- 


| appointing sensitivity, specificity and predictive accu- 


' racy of these global responses for identifying those . 
l postiafarchon patients with residual myocardial 


increased; 11 = markedly increased; 


ischemia (Table IIT). Port et al? showed that in patients. 
with a low EF, the magnitude of change in EF was less ' 


than that in patients with a high EF. The sensitivity in 


our study may have been even lower if more patients. 
with lower baseline EF had been included. A new wall. 


motion abnormality developing at peak exercise was 
most specific (94%), but sensitivity was only 52%. 

It may be argued that differentiating postinfarction 
patients with and without myocardial ischemia based 
on the thallium stress test result represents a critical 


flaw in our study, and in fact, the exercise radionuclide : ` 


angiogram could be a more sensitive indicator of 


ischemia. According to this argument, thallium stress 
testing may not be classifying the patients correctly. 
However, having chosen to identify the patients with 


postinfarction residual ischemia on the basis of a defi- . 


nite reversible perfusion defect on exercise thallium 
study, it is reassuring that 19 of the 31 patients (5896) 
in this group (group II) had a definite history of post- 
infarction angina (5 during the exercise test) and 17 
(55%) had a positive electrocardiographic result. Only 
6 patients (19%) in group II and all patients.(100%) in 
group IIl were free of these indicators of possible 
ongoing ischemia. 

Earlier studies of exercise radionuclide angiography 


in the postinfarction patient also revealed variable EF ` 


responses to exercise.29-83 One of the major advantages 
of our study is the ability to evaluate absolute volumes.. 
Five of the patients (16%) with positive ischemic thal- 
lium scan responses (group I) had normal (“false neg- 
ative") stress radionuclide angiographic EF responses 
(Table IV). Of these false-negative radionuclide angi- 


ographic results, 1 patient's EF increased despite an — 


increase in end-systolic volume due to a marked increase 
in end-diastolic volume, and 2 patients showed a normal 


EF response but showed new wall motion abnormalities. ` 


Thus, if one identifies an ischemic response based not 
only on EF response, but using end-systolic volume 
response and the development of a new wall motion 
abnormality as well, only 2 (696) of our 31 postinfarction 


patients with positive thallium scans truly had a normal ` 


or false-negative radionuclide angiographic response. 
Why false-negative radionuclide angiographic responses 
should occur despite similar heart rate-blood pressure 
products achieved with both thallium and radionuclide. 
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Regional Left Veniricular Wall Motion Assessment: 

~ Comparison of Two-Dimensional Echocardiography - 

and Radionuclide Angiography with Contrast Angiography , 
ae dn n Healed Myocardial Infarction | 





“motion was compared with contrast anglography In 


52 patients with healed myocardial Infarction. After. 

5 pallents were excluded for Inadequate 2-D . 

. .@chocardlographic studies, the LV Images of 47 ` 

patients obtained by all 3 techniques were divided 
: „into 7. ‘segments for analysis. Both 2-D echo and RNA > 
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:showed close agreement with contrast angiography 


";ariterobasal. (91 96, 91%), anterolateral (87%, 
; 7996) and posterolateral segments (77%, 7996). 
"The sensitlvity in detecting wall motion abnormal: - 
‘les was highest for 2-D echo and RNA In the ante- 
' rolateral ied ue) and apical (95 %, — 


The fe diagnostic abillty of radionuclide angiography ` 
(RNA) and 2-dimenslonal echocardiography (2-D. . 
ee). to assess regional left ventricular (LV) wall : 


|" 
i ‘In assessing normal vs abnormal.wall motion In the - . 


. segments. 


segments and lowest for the inferior wait (48 %, 


obasal and septal segments for RNA. Major dis- 


crepancles ‘with contrast anglography occurred- ` ` 
posterolateral, In- ~“ : 


more often in the posterobasa 


-7 


ferlor and:septal LV segments. Thus, in comparison j 


. tecting. wall motion abnormalities Involving : the 


inferlor, 





4m 


function is important in the management of patients’ 
with” coronary heart disease. The imaging techniques .. 


-of radionuclide. angiography (RNA) and réal-time 2- 


- dimensional: echocardiography (2-D echo) are widely | 


available noninvasive methods for assessing regional LV 


;' wall motion and detecting LV aneurysm.!-?? Although _ 
` “a few studies have compared both RNA.and 2-D echo: 
l .with contrast angiography, 1-3 no study has assessed. 
a ‘results i in a large group of patients with coronary heart, 


disease using all currently recommended projections to 
E visualize the left ventricle. We compared the diagnostic 
| “ability of RNA and 2-D echo to assess regional LV wall 
m 
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` motion with content ángiography:i n.a patient group 
. with a high prevalence of. abnormal wall motion. . = 


om 


; E E 
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: Methods ': C C M 
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Patients: We studied 52 E patients undergoing Aen 


elective cardiac catheterization for the évaluation of angina | 
who had sustained a previous myocardial infarction (World: 
Health Organization criteria) 2 months to 12 years a 
ously. ‘There were 44 men and 8 women, mean age (+ standard 
error of thé mean) 58 +-9 years. Thirty- -nine parienta bad . 
Q-wave infarcts and 13 nón-Q-wave infarcts. 


Study protocol: All patients had: RNA and: :2- D echo E ep. 
studies performed within 48 hours of catdiac catheterization, jv. 


and all were clinically stable and required no change i in their 
medication during the study period.. ' . ab a 


‘Radionuclide angiographic technique: ‘Gated equilibrium E 


blood pool i imaging was performed after in vitro labeling of the 
patient's red cells with 13.5 mCi/m? of technetium-99im pêr- 


. technetate; which gave a total body radiation dose: of. 340. 
_. mrad.^4 Data were collected. using an Ohio Nuclear 420 gamma 
or camera. à interfaced with a Digital g gamma. 11 PDR 11/40 com- 
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‘posterobasal . and: posterolateral, LV: | | 


i 


a 


48%). Specificity of 2-D echo and RNA was. high, - 
: ranging from 94% In the anterolateral segment to. ' 

. 71% in the septal segment for 2-D echo, and from . `` 
91% In the Inferlor segment to 81% in the poster- . 


. with contrast anglography, 2-D echo and RNA are..." 
- reliable for detecting anterior and apical wall motion -~ . 
| abnórmallties, but relatively less sensitive for de- > 


(Am J Cardiol 1985;56:8-12) 
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puter. Using a high-resolution collimator, computer data were | 


acquired in frame mode at 24 frames/cardiac cycle in a 64 X 
64 matrix with 350,000 counts acquired per frame in each 
study. Studies were performed at rest in a 30? right anterior 
oblique, anterior, modified left anterior oblique and left lateral 
views. The 4 views obtained were displayed and interpreted 
in a flicker-free cine format with 9 to 12 images/sequence at 
a rate of 80 cardiac cycles/min. 


Echocardiographic technique: All 2-D echo studies were 


performed by 2 experienced ultrasonographers. Echocardio- 
gigms were obtained with a commercially available phased- 
array system (Toshiba [SSH10A]) using a 2.4-MHz trans- 
ducer with 32 elements and a sector scan of 84°. Two-di- 
mensional echocardiographic examinations were performed 
using parasternal and apical windows to view all LV wall 
segments. Parasternal views were recorded in the long axis and 
short axis in the third and fourth interspace, whereas apical 
views were obtained with the patient lying on the left side with 
the transducer placed near the maximal apical impulse. An 
apical 4-chamber view was obtained in a plane perpendicular 
to the atrial and ventricular septa. The transducer was then 
rotated counterclockwise, 90°, for the orthogonal apical 2- 
chamber view of the left ventricle and left atrium. Real-time 
images were recorded on videotape. The recorded images were 
d for analysis in real-time, slow-motion and stop-action 
modes. 

Contrast angiography: Cardiac catheterization was per- 
formed using the percutaneous femoral artery approach. Bi- 
plane ventriculography was performed in the 30? right ante- 
rior oblique and the 60° left anterior oblique views before 
coronary angiography. Each ventriculogram was performed 
with à No. 8Fr Judkins pigtail catheter shaped to lie centrally 
in the LV body to minimize ectopic activity. Contrast medium, 


0.55 to 0.65 ml/kg, was injected under pressure (1,000 psi) at. 


a rate of 10 ml/s and the study filmed at 50 frames/s. After 
ventriculography was performed all 52 patients underwent 
coronary angiography according to the Judkins technique. All 
ectopic beats and first postectopic beats were excluded for wall 
motion analysis. No patient data were rejected because of an 
inadequate angiographic study. The studies were recorded on 
cine film and wall motion was analyzed using a Tagarno 
variable speed projector. 

Left ventricular regional wall motion assessment: All RNA, 
2-D echocardiographic and contrast angiographic studies were 
interpreted independently by 2 blinded, experienced ob- 
servers without knowledge of the patient’s clinical data. Wall 
motion could not be assessed in 5 echocardiographic studies 
because of inadequate endocardial definition, and these pa- 
tients were therefore excluded from all subsequent compar- 
ative analysis. Comparative analysis of LV segmental wall 
motion obtained by all 3 imaging techniques was possible in 
the remaining 47 patients. 

LV images obtained from each of 3 techniques were divided 
into 7 segments for analysis: anterobasal, anterolateral, apical, 
inferior, posterobasal, septal and posterolateral (Fig. 1). Each 
LV segment was graded as having either norma! or abnormal 
motion. Segments with abnormal motion were further graded 
as hypokinetic, akinetic or dyskinetic according to the defi- 
nition of Herman et al.!? Differences in wall motion assess- 
ment between the 2 observers using all 3 techniques were re- 
corded and then differences of assessment by each technique 
were resolved by consensus. 

'The consensus assessment of wall motion by contrast an- 
giography was used as the standard for comparison with RNA 
and 2-D echo for the 7 LV segments. The results of the seg- 
mental comparison were analyzed by agreement levels for the 
presence of normal vs abnormal wall motion and grade of 
abnormal wall motion. 'T'o determine further the diagnostic 
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accuracy of 2-D echo and RNA in the evaluation of LV seg- 
mental wall motion, the diagnostic sensitivity and specificity 
for 2-D echo and RNA in detecting abnormal wall motion was 
calculated. 

Differences between 2-D echo and RNA in percentage 
agreement, sensitivity and specificity were examined using 
the McNemar's test of significance. 


Results 


Contrast angiographic findings: Segmental wall 
motion abnormalities were present in 42 patients (8996). 
The mean LV ejection fraction for the group was 47 + 
11%. When significant coronary arterial observation was 
defined as 70% or more diameter narrowing, 9 patients 
had 1-, 18 had 2-, and 18 had 3-vessel disease; 2 had in- 
significant coronary artery disease. Of 329 LV segments 
analyzed by contrast angiography, 190 (5796) had nor- 
mal wall motion; 69 (21%) were hypokinetic, 55 (47%) 
were akinetic and 15 (5%) were dyskinetic. Only 2 an- 
terobasal segments had abriormal motion and therefore 
only a limited comparative analysis for this segment was 
performed. Interobserver agreement for analysis of 
segmental wall motion grade for all 7 LV segments was 
91 + 5%. 

Comparison of two-dimensional echocardiog- 
raphy with contrast angiography: When the LV 
images derived from 2-D echo and contrast angiography 
were compared, there was complete agreement in de- 
tecting either normal or abnormal segmental wall mo- 
tion in 91% anterobasal, 87% anterolateral, 94% apical, 


Contrast angiography 


fae Q 


AP/INF 
Radionuclide US Used dean ||” 





Apical 
2 chamber 


Apical Parasternal 
4 chamber Short axis 


FIGURE 1. Left ventricular wall segments visualized by contrast angi- 
ography, radionuclide angiography (top and center panels) and 2- 
dimensional echocardiography (bottom panel). The left ventricle was 


. divided into 7 segments for comparative analysis: anterobasai (AB), 


anterolateral (AL), apical (AP), septum (S), Inferior (INF), posterobasal 
(PB) and posterolateral (PL). The projection used for the silhouette 
techniques were: right anterior oblique (RAO), left anterlor oblique 
(LAO), anterior (ANT) and left latera! views (LLAT). 
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.. 30. . COMPARATIVE ASSESSMENT OF LEFT VENTRICULAR’ WALL. MOTION — 


à 


Percentage Agreement Between Contrast 


TABLE pF 
Anglography and Radionuclide Anglography or 
` Two-Dimensional Echocardiography for 
Assessing Left Ventricular Wali Motion 
Assessment 
Percent Agreement 
LV Wall a ee ee 
Segment .2-DE RNA 
.  Anterobasal 91 91 
' Anterolateral 87 79 
- . Apical 94 81* 
'. Inferior 64 88 
Posterobasal 68 l 74 
. Septal 72 = Ey 
Posterolateral! 77 79 
* p <0.05 radionuclide anglography vs 2-dimensional echocardl- 
ography. 


2-DE = 2-dimensional echocardiography; LV = left ventricular; RNA 


" = radionuclide angiography. 


- 64% inferior, 68% posterobasal, 72% septal and 77% 


:. posterolateral wall segments (Table I). In the septum, 


9 segments (19%) interpreted as normal on contrast 


. angiography were considered abnormal on 2-D echo. 
- Thirteen inferior (28%), 9 posterobasal (19%) and 7 
| posterolateral (1496) segmenta were abnormal on con- 


- .. trast angiography but were considered to have normal 


motion on 2-D echo. 
When comparing wall motion using 4 grades, i.e., 


“normal, hypokinetic, akinetic and dyskinetic, 2-D echo 


was at variance with contrast angiography in 102 seg- 


: ments (43%). Interobserver agreement in assessing wall 
- motion grade by 2-D echo was 80 + 5% for all 7 LV wall 
, segments. Fifty of the 102 discrepant segments (49%) 


. ; were a result of failure to correctly distinguish normal 
.^' from hypokinetic segments or vice versa. Of the total 


number of wall motion grade discrepancies, 85 (83%) 


differed by only 1 grade (Table II): anterobasal 396, 


anterolateral 1096, apical 14%, inferior 18%, posterobasal 
.. 1396, septal 18% and posterolateral 12%. Discrepancies 
with contrast angiography of 2 or more grades of wall. 
motion occurred in 17% of all segments on 2-D echo. 
;.. Eleven of these segments interpreted as akinetic on 
. contrast angiography were considered to have normal 
"motion on 2-D echo. Nine of these 11 segments were 


: . inferior, posterobasai or posterolateral segments. 


^^ "The sensitivity and specificity of 2-D echo in de- 
_ tecting wall motion abnormalities are shown in Table 
'. IL Two-dimensional echo was more sensitive for de- 


tecting anterolateral (83%) and apical wall motion ab- 
normalities (95%) but least sensitive for detecting in- 
ferior abnormalities (48%). The diagnostic specificity 


- for all segments was higher, ranging from 94% for the 
. anterolateral wall to 71% for the interventricular septum. 


-Comparison of radionuclide angiography with 


' contrast angiography: Comparison of RNA and 
. ‘contrast angiographic LV images showed complete 
; agreement in detecting either hormal or abnormal 
'.' segmental wall motion in 91% anterobasal, 79% ante- _ 


rolateral, 81% apical, 68% inferior, 74% posterobasal, 


| (196 septal and 79% posterolateral segments (Table I). 
. Similar.to 2-D echo, 13 inferior (28%), 7 posterobasal 
- - (15%) and 7 posterolateral (15%) segments considered _ 





TABLE li Assessment of — " Wall Motion ride by 
. Contrast Anglography.and Two-Dimensional - 
Echocardiography 
Two-Dimensional Echocardiography 
Contrast i zeni 
Angiography Normal Hypokinesia Akinesia Dyskinesia . | 
161 25 4 TEM 
Hypokinesla 27 32 9 1 
Akinesia TL 15 26 3 
Dyskinesla 1 3 8 


abnormal on contrast angiography were considered 


‘normal on RNA. 


When the grade of segmental wall motion was com- 
pared, RNA was at variance with contrast angiography 
in 117 segments, of which 54 (48%) were a result of . 
failure to distinguish normal from hypokinetic segments . 
or vice versa. Interobserver agreement for RNA analysis 
was 85 + 6% for all 7 LV wall segments. There was a 
difference of 1 grade of. abnormal wall motion in 92  . 
segments (78%) (Table IV): anterobasal 4%, anterolat- . 
eral 1396, apical 16%, inferior 1196, posterobasal 13%, 
septal 10% and posterolateral 11%. Discrepancies with 
contrast angiography of 2 or more grades of wall motion 
occurred in 20% of segments with RNA. Ten of 14 aki- 
netic segments considered normal on RNA involved the 
inferior, posterobasal or posterolateral segments. 

The sensitivity and specificity of RNA for detecting 
or excluding wall motion abnormalities is shown in - 
Table III. RNA was most sensitive in detecting ante- 
rolateral segments (77%) and apical wall motion ab- 
normalities (84%) and least sensitive in detecting the 
inferior segment (48%). The specificity for all segments 
ranged from 93% for the anterobasal segment to 73% for 
the apical segment. ` 

Piss cole of radionuclide angiography with 

o-dimensional echocardiography: The analysis of 
d wall motion determined by RNA and 2-D echo 
were compared. Of the 7 LV segments examined for 
each patient, 2-D echo showed a closer agreement with 
contrast angiography only for the apical left ventricular 
segment compared with results on RNA (p «0.05). For 
the remaining 6 segments, there was no significant dif- 
ference in levels of agreement when contrast ventricu- 
lography was compared with 2-D echo or RNA. There 
were no significant differences between these tech- 
niques for diagnostic sensitivity and specificity of seg- 
mental wall motion abnormalities for each of the 7 
segments including the apex. 


Discussion 


The present study of a patient group with a high 
prevalence of wall motion abnormalities has shown close 
agreement of RNA and 2-D echo with contrast angiog- 
raphy for assessing wall motion in the anterior and ap- - 
ical LV segments. There was a correspondingly high 
diagnostic sensitivity and specificity in detecting ab- . 
normal wall motion in these segments. In contrast, there 
was a lower agreement level of RNA and 2-D echo with 
contrast angiography in detecting inferior, posterior and ` 
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TABLE Ill Diagnostic Sensitivity and Spectficity for TABLE IV Assessment of Segmental Wall Motion Grade 
Assessing Regional Wall Motion Abnormalities by Contrast Anglography and Radionuclide 
by Radionuclide Angiography and Two- Anglography 
Dimensional Echocardlography adionuelide Angicoraphy 

Sensitivity (96) Specificity (96) Contrast 
LV Wall fme or Angiography Normal  Hypokinesia ^ Akinesia  Dyskinesia 
a Sont LEE Lo NN SUE LUNA Normal motion — 161 24 E 0 
Anterobasal = zT 91 93 Hypokinesia 30 28 
* Arterolateral 83 77 94 82 Akinesia 14 13 19 9 

Afical 95 84 87 73 Dysklnesia 1 2 5 7 

inferior 48 48 82 91 

Posterobasal 57 67 77 81 

Septal 75 69 71 81 

Posterolateral 50 50 88 91 


. . = not done; other abbreviations as In Table I. 


nostic sensitivity for wall motion abnormalities by both 
techniques was as low as 48% (inferior). In these seg- 
ments, not only were 2-D echo and RNA relatively in- 
sensitive in detecting abnormal wall motion in the 
LV inferior and posterior regions, but they were also 
poor in assessing the severity of the wall motion 
abnormality. 

Despite its known limitation,!® contrast angiography 
has been used traditionally as the reference standard 
for validating noninvasive imaging methods.!-1? Some 
of the discrepancies between the invasive and nonin- 
vasive techniques may be a result of incorrect assess- 
ment by contrast angiography rather than by 2-D echo 
and RNA. Because cardiac catheterization may cause 
pain and anxiety and contrast material can alter myo- 
cardial function,!’ the procedure itself can modify 
segmental wall motion; these factors would not be 
present in patients undergoing RNA or 2-D echocar- 
diographic study. A major problem in the subjective 
assessment of wall motion by all 3 imaging techniques 
is interobserver variability, Chaitman et al! has re- 
ported variability as great as 24% in assessing LV wall 
motion by contrast angiography. Results similar to our 
own have been reported for RNA and 2-D echo.!51? 
Despite these limitations the subjective assessment of 
LV wall motion is frequently used in clinical practice. 

One segment that may present difficulties using 
contrast angiography is the septum. This was evaluated 
in the left anterior oblique view and therefore may be 
overlapped by the anterior wall, especially if the latter 
has abnormal motion. In this projection, the motion of 
ai ae frequently must be visualized as a shadow 
in the background of anterior wall motion, making 
judgments of its motion difficult. This same difficulty 
in assessing septal motion may be expected to occur 
with RNA, because its left anterior oblique image is a 
silhouette i image similar to that of contrast angiography. 
Two- dimensional echocardiography, being a tomogra- 
phic technique that visualizes the septum directly i in the 
short-axis parasternal and apical 4-chamber views, is 
devoid of problems of overlapping axes and therefore 
might be expected to assess this segment best. However, 
our data suggest that this is not the case, because 
both noninvasive techniques gave similar levels of agree- 
ment for the septum when compared with contrast 
angiography. 


Both RNA and 2-D echo were relatively insensitive 
in detecting wall motion abnormalities of the inferior 
and posterobasal regions. These segments are best im- 
aged by 2-D echo in the apical 2-chamber view, but this 
is sometimes a more difficult position in which to 
achieve a high-quality image than the apical 4-chamber 
view. Furthermore, endocardial targets are positioned 
parallel to the ultrasound beam, leading to potential 
problems with lateral resolution, which may lead to 
errors in assessing endocardial motion.? One of the 
well-known limitations of echocardiography is the in- 
consistent image quality among patients; these incon- 
sistencies are related to both differences in body con- 
figuration and to the presence of chronic lung disease.?! 
Data from 5 of our original 52 patients were rejected 
because of inadequate echocardiographic studies. 

RNA has the advantage of providing a high-quality 
noninvasive image in all patients regardless of body size 
and lung disease. Nevertheless, similar difficulty was 
experienced in correctly assessing motion of the inferior 
and posterobasal regions. These particular segments are 
visualized best in the left lateral view because the right 
ventricle usually overlaps the inferior wall in the ante- 
rior view (Fig. 1). Conventionally, contrast angiographic 
images obtained in the anterior or 30? right anterior 
oblique view are used to assess inferior and posterobasal 
wall motion and were used in this study to compare with 
the RNA assessment obtained in the left lateral view. 
Each technique may be visualizing these LV segments 
quite differently. Some foreshortening of the infero- 
posterior wall probably occurs in the left lateral position 
with RNA leading to potential failure to detect abnor- 
mal wall motion in this view. 

Previous studies comparing RNA and 2-D echo with 
contrast angiography to determine their usefulness in 
detecting segmental wall motion abnormalities have 
been limited seriously by the inclusion of many subjects 
with normal regional wall motion!*+!° or nonsegmental 
myocardial dysfunction, 57-19 failure to use apical views 
for 2-D echo studies*!! or the left lateral (or left pos- 
terior oblique views) for RNA.1-356810 Hecht et al? used 
both 2-D echo and RNÀ to examine segmental wall 
motion in 58 patients with previous myocardial in- 
farction and compared the results with those obtained 
with contrast angiography. These investigators also 
recorded relatively low agreement levels between con- 
irast angiography and either 2-D echo or RNA for the 
inferior wall (58% 2-D echo, 69% RNA) and the septum 
(38% 2-D echo, 64% RNA). The highest agreement level 
in their study was obtained in the apical region (96% 2-D 
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écho, 89% RNA). However, only 18 of their 58 patients 
underwent all 3 imaging studies and RNA was per- 
. formed in the left anterior oblique and anterior views 
only. 

Clinical implications: This study has shown that 
-currently available RNA and 2-D echocardiographic 
. systems may still have shortcomings in accurately 
evaluating inferior, posterior and septal regions of the 
left ventricle. Because of the subjective assessment of 
wall motion and the lower resolution of RNA and 2-D 
echo, mild degrees of segmental hypokinesia may not 
be detected or may be incorrectly diagnosed as being 
` present, especially in these segments. With further 
developments in digital imaging processing and edge 
detection, image quality of 2-D echo and RNA is being 
improved continually and this is likely to increase the 
diagnostic sensitivity and specificity of RNA and 2-D 
‘echo to detect wall motion abnormalities. 

Because there was a high level of agreement in as- 
sessing the anterior and apical segments, both nonin- 
vasive techniques were reliable in detecting the more 
common anteroapical wall motion abnormalities (e.g., 
aneurysm)—-LV segments in which the presence of high 


: grade wall motion abnormalities has important prog- 


nostic implications. 
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Influence of R-Wave Amplitude on Exercise-Induced 


ST Depression: Need for a “Gain Factor" Correction 


When Interpreting Stress Electrocardiograms 


MILTON HOLLENBERG, MD, MATEO GO, Jr., MD, BARRY M. MASSIE, MD, 
JUDITH A. WISNESKI, MD, and EDWARD W. GERTZ, MD 


Does 2 mm of ST depression induced by exercise 
have the same clinical signiflcance In a patient with 
a 30-mm R wave as a patient with a 10-mm R wave 
in the same monitored lead? To answer thls question 
the exercise responses of 85 patlenis were com- 
pared by 2 quantitative methods of assessing 
myocardial ischemia. A computer-derlved treadmill 
exercise score, based largely on the characterlstics 
of exercise-induced ST-segment depression, was 
compared with a thallium exercise score. Both 
scores correlated well over a wide range of values 
(r = 0.71, p <0.001). Then, the treadmill exercise 
score was corrected (by adjusting the magnitude of 
the ST depression to a standardized R-wave am- 
plitude of 12 mm in Vs and 8 mm In aVF) to deter- 
mine if this would improve Its correlation with the 
thalllum exercise score. The patients were sepa- 
rated Into 2 groups by R-wave amplitude: 53 had an 
Rys of 9 to 17 mm and 32 had an Ry; <9 or >17 mm. 
Correction of the treadmill exercise score for R- 
wave amplitude dld not change the slope and In- 


tercepts of the regression line for patients with an 
Rys amplitude of 9 to 17 mm, but did for those with 
an Rys amplitude <9 or >17 mm. In this latter group, 
R-wave correctlon changed the regresslon line from 
one that differed significantly from that of patlents 
with less extreme Rys voltage to one that was in- 
distingulshable from H. Correctlon of the treadmill 
exercise score also Increased the correlation 
coefficient from 0.54 to 0.68 in this group. In several 
patients an abnormal score became normal when 
It was corrected for R-wave voltage. This corrected 
score was consistent with the coronary arterio- 
graphic findings, the lack of symptoms, and the good 
exercise tolerance. Thus, as judged Independently 
by a thalllum exercise score, the degree of exer- 
cise-Induced ST depression is Influenced by R-wave 
amplitude, and If not normalized to a standard 
voltage, may either exaggerate or underestimate the 
degree of exercise-induced myocardial ischemia. 


(Am J Cardiol 1985;56:13-17) 





A computer-derived treadmill exercise score that 
quantifies the ST-segment response to exercise im- 
proved the diagnostic accuracy of treadmill exercise 
testing 15 to 20% over conventional interpretation.! 
While the score correlated with the extent and severity 
of coronary obstructive disease shown by coronary an- 
giography, the method had to be validated by a more 
phy iologic estimate of ischemia. Thus, we developed 


a second quantitative index of ischemia based on thal- 
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lium scintigraphy.?? This thallium exercise score cor- 
related with a coronary arteriographic score designed 
to reflect the potential for ischemia based upon coronary 
anatomy.? Thus, quantitative scintigraphy appeared 
to be suitable to “calibrate” the treadmill exercise score 
and to determine whether other modifications would 
further improve quantitative accuracy of the score. 
Thus, by correlating these 2 quantitative indexes of 
ischemia, the present study explores whether R-wave 
amplitude in the monttored leads influences the degree 
of exercise-induced ST-segment depression. For ex- 
ample, does 2 mm of exercise-induced ST-segment de- 
pression have the same significance when it occurs in 
a patient with a 30-mm R wave at rest as it has in one 
with a 10-mm R wave? Our study reveals that preexer- 
cise R-wave amplitude influenees the magnitude of 
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14 — R-WAVE ‘AMPLITUDE AND ST DEPRESSION . 


Agreement Between Physiologic Indexes of 


"TABLE i 
T Myocardial Ischemla 
Treadmill Exercise Score 
(R-Wave-Corrected) 
Positive Negative 
(&—5 units) — (2—5 units) 
positive 46 4 
(> 1.6 units) 
(5496) (5%) 
"Thaillum 
exercise 
- Score 
negative 17 18 
(<1.6 units) 
(20%) (21%) 


E subsequent exercise-induced ST depression and that 


the treadmill exercise score should be corrected and 


normalized to a mean R-wave amplitude at rest. 


Methods 


Study group: The study population consisted of 170 men 
evaluated with a thallium stress test who were drawn from a 


. group of consecutive patients after those who had electro- 
‘cardiographic conduction disturbances were eliminated. 
Thirty-six patients were excluded: 23 because they were taking 


digoxin, 6 because they had valvular heart disease and 7 be- 


.. cause they exercised poorly. We rejected only those with the 
poorest exercise performance, i.e., those whose value of ex- 
ercise duration X fraction of predicted maximal heart rate was ` 


less than 2 minutes. Of this group of 134 patients, 85 (63%) 


`- underwent cardiac catheterization, and these patients rep- 
‘resent the final group studied. 


Exercise electrocardiography: Graded exercise testing 


' while fasting was performed on a treadmill using the standard 
_- Bruce protocol. Silver/silver-chloride electrodes were placed 
' in the infraclavicular areas bilaterally and on or just.above . 


-both iliac crests. Standard chest leads (V4 to Vg) were posi- 


` tioned and a mesh surgical body stocking was placed over the 
' chest and upper abdomen to reduce.movement of the elec- 
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FIGURE 1. Distribution of R-wave amplitude In lead Vg in 100 patients 
, with a norma! treadmill exercise score (TES) (mean + standard deviation 


[S.D.] 12.7 + 5:0 mm) and In 100 patients with an abnormal treadmill 


' . exercise score (mean + S.D. 13.2+ 5.2 mm). (A similar normal dis- 
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.-"tribution curve was obtained for lead aVF with a mean of 8 mm). 
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^ trodes, leads and electrode cable. Full 12-lead ECGs were . 
. recorded on a 3-channel recorder while the patient was at rest , 


in the supine and then erect positions and at the termination : 

of the study. During the entire period of exercise and recovery, — : 
3 leads (V1, Vg and aVF) were continuously monitored. Ex- 
ercise was continued until the patient stopped because of 
moderately severe chest pain, exhaustion, leg pain, shortnesa 
of breath, dizziness, or until the physician terminated the.test 
because of frequent premature ventricular complexes, ven- 

tricular tachycardia (3 or more consecutive premature ven- " 
tricular complexes, hypotension, or at least 4 mm of ST de- 
pression. Signal-averaged values for J-point deflection and 
ST-segment slope were continuously printed using a'com- 
mercially available, computer-assisted exercise system (CASE 


' J, Marquette Electronics Co.). These data were fed to a TU-58 


tape recorder, which served as an intermediate storage, and 
then to a PDP 11-35 computer, which calculated the treadmill . 
exercise score as orginally described.! The calculations in brief 
are as follows. The areas of J-point deviation from baseline 
and ST-segment slope deviation from baseline were alge- 
braically summed for both lead Vs and aVF. This summed 

area becomes progressively more negative, with increasing 
J-point depression and with increasing degrees of downsloping 
ST-segment depression. The total summed areas for both 
leads is then divided by the duration of exercise (in minutes) 

and the fraction of the age-predicted maximal heart rate 

achieved to yield a treadmill exercise score: 


Treadmill exercise score(Uncorrected) = ` 
Area (J point + ST slope)vs + area (J point + ST AN 


exercise duration X fraction of maximal 
predicted heart rate 


Thus, the absolute value of the treadmill exercise score is 
greater not only in subjects with deeper ST-segment depres- 
sion but in those who exhibit poor exercise capacity. A second, 
corrected treadmill exercise score was derived to determine 
whether R-wave amplitude correction of the exercise-induced 
ST-segment depression would improve the treadmill exercise 
score’s correlation with the thallium exercise score. Thus, the 
area of ST-segment depression was adjusted for the degree 
of the QRS voltage exhibited in a particular monitored lead 
as follows: The mean R-wave voltage at rest in our laboratory 
for 200 patients with either a normal or abnormal treadmill 
exercise response was 12 mm (1.2 mV) for V (Fig. 1) and 8 mm 
(0.8 mV) for aVF. Thus, the following normalization was used. 
The area contribution of Vs was normalized to a mean R-wave 
voltage of 1.2 mV and that in aVF to a mean R-wave voltage 
of 0.8 mV (only if R in aVF exceeded 0.8 mV). We did not- 
normalize the score for R waves in aVF less than 8 mm because 
the frequency of small R waves in aVF leads to erroneously ` 


. great treadmill exercise scores. Thus, . 


Treadmill exercise score(Corrected) = 


(area (J + ST slope)vs X 12/Rwg) 
+ (area (J + ST slope x 8 ) 


exercise duration X fraction of maximal 
predicted heart rate. 


Exercise scintigraphy: Two millicuries of thallium-201 
were injected through an indwelling intravenous cannula at 
near-maximal exercise, which was then continued for 1 more ` 
minute. After a b-minute monitored recovery period, patients 
were promptly taken to the imaging room. Scintigraphy was 
performed by the 7-pinhole tomographic technique using the 
procedures and reconstruction algorithms developed by Vogel 
et al.*5 .One E inal technician performed all: studies. - 
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Acquisition was terminated after 750,000 counts were ob- 
tained. The orientation of the camera was carefully noted to 
ensure reproducibility of the delayed scintigraphic study 
performed 3 hours later. Patients limited their activity and 
food consumption between the 2 studies. 

'Three central tomographic slices were selected for quanti- 
fication. After the center of the ventricle was chosen manually, 
circumferential profiles displaying normalized maximal pixel 
activity at 6? intervals were generated for each radian as de- 
scribed by Vogel et al.*? The “redistribution” area was com- 
"pujed automatically as the algebraic sum of the area between 
the initial and 3-hour profiles (in arbitrary units of percent 
X degrees). A thallium exercise score was then derived using 
the same approach as with the treadmill exercise score ac- 
cording to the equation: 


Redistribution area (3 central slices) 
exercise duration X fraction of maximal 
predicted heart rate 


Coronary arteriography: Coronary arteriograms, ob- 
tained in multiple projections, were analyzed by a cardiologist 
who was unaware of the clinical history or the results of ex- 
ercise testing. In determining the number of involved vessels, 
lesions obstructing more than 5096 of the luminal diameter 
were considered significant. 

Statistical methods: The correlation between the various 
ischemic indexes were calculated by the least-squares linear 
regression analysis and the £ statistic. The significance of the 
difference between the slopes of the regression lines was de- 
termined by analysis of covariance. The significance of the 
associations between the various ischemic indexes were de- 
termined by the chi-square test. 


Results 


Treadmill exercise score versus thallium exer- 
cise score: The treadmill exercise score uncorrected for 
R-wave amplitude correlated significantly with the 
thallium exercise score. In 53 patients whose R-wave 
voltages grouped about the mean (0.9 to 1.6 mV) the 
correlation coefficient was r = 0.75 (y = —0.09x + 1.49, 
p <0.001) (Fig. 2). However, in 32 patients with more 
extreme RV; voltage (<0.9 or >1.7 mV), the correlation 
coefficient was much less 0.54 (y = —0.05x + 1.39, p 
<0.001). To determine whether R-wave amplitude in- 
fluenced the treadmill exercise score, all scores were 
then normalized to a mean R-wave voltage of 1.2 mV for 
Vs and 0.8 mV for aVF to yield a corrected treadmill 
exercise score. In patients with normal voltages, cor- 
rection of the score yielded no improvement in the 
correlation with the thallium exercise score (r = 0.74, 
y = —0.1x + 1.5, p «0.001). However, in the group of 
patients with more extreme voltages, R-wave correction 
improved the correlation with the thallium exercise 
score from 0.54 to 0.68 (p <0.01). More important, the 
slope of the regression line of the corrected treadmill 
exercise score plotted against the thallium exercise score 
became similar (difference not significant) to that of the 
pati nts whose R-wave voltages varied more close- 
ly about the mean (y = —0.11x + 0.85, p «0.001) 
(Fig..2). 

Having shown that correction of the treadmill exer- 
cise score for R-wave amplitude improved the correla- 
tion with an independent thallium exercise score in 
patients with large or small R waves, we then identified 
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statistically the single value for each score that best 
separated a normal from an abnormal response. The 
cutoff values chosen were those that yielded the highest 
degree of concordance between the 2 tests. The tread- 
mill exercise score cutoff value, based on the correlation 
with the thallium exercise score was —5 units. This 
corroborates the cutoff value of —4 units used in our 
original report! which was determined solely from an- 
atomic, coronary angiographic data. For the thallium 
exercise score the cutoff value was 1.6 units. When these 
values were used to distinguish a normal from an ab- 
normal response, the level of agreement between the 
corrected treadmill exercise score and the thallium ex- 
ercise score was 75% (i.e., the percent of all patients 
in whom both the treadmill exercise score and the thal- 
lium exercise score were either positive or negative) 
(Table Í). 

Coronary arteriography: Although diagnostic 
agreement between the 2 independent tests implies 
diagnostic accuracy, this is not necessarily so. Validation 
of such tests is extremely difficult when no absolute 
standard exists to quantify the exercise induced myo- 
cardial ischemic response. To aid such assessment we 
analyzed the results of coronary angiography (Table II). 
Seventy-five of the 85 patients (88%) had significant 
coronary artery disease and 10 (12%) had no disease. Of 
those with disease, 48 (56%) had 3-vessel disease, 12 
(14%) had 2-vessel disease and 15 (18%) had 1-vessel 
disease. To further validate our methods, the corrected 
treadmill exercise score and the thallium exercise score 
were compared in patients whose coronary anatomy was 
clearly defined. When using appropriate cutoff values 
to distinguish normal from abnormal exercise responses 
(—5 units for the treadmill exercise score and 1.6 units 
for the thallium exercise score), both tests were in 
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FIGURE 2. Correlation of the treadmill exercise score with the thallium 
exercise score. Correction of the treadmill exercise score for R-wave 
amplitude does not change fhe slope and Intercepts for patlents with 
an Rys of 9 to 17 mm (thin solid and dashed lines), but does for those 
with Rys <9 or >17 mm (thick solid and dashed lines) (p <0.01). in 
this latter group, R-wave correction increases the correlation coefficient 
from 0.54 to 0.68 and the linear regression equation becomes similar 
(difference not significant) to that of patients with less extreme volt- 
ages. 
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- - TABLE Il. Besoin to Treadmili Exercise Seo and Thalllum Exercise Score li. uates que. a $ 
De E  Patlents Undergolng Coronary Arterlography . ; Po" "NES LZ 
L. No. ^ | Treadmill Exerclse Score/Thallium Exercise Score l 

Cor GU REM M eas a MERGE DE MEME Total No 

: Arteries (+/+) (-/—) (F=) (—/+) of Pts. 

" | 3 34 1 13 0 48 

L 2 7 2 2 a 12 

r: 1 3 8 1 3 15 ' 

0 2 7 1 0 10 

" 46 18 17 4 85 | 

l: e 

oe 

;' agreement in 64 patients (75%) and discordant in 21. rected treadmill exercise score tended to overestimate. 

: - (25%) (Table II). Forty-four of 46 patients (96%) with the degree of induced ischemia in patients with large 
.' a positive response to both tests had significant coro- R-wave voltages and tended to underestimate such 
|. nary artery disease; 42 (91%) had 2- or 3-vessel disease. ischemia in those with low voltages. When the treadmill 

'. ,'Eighteen patients had a negative response to both tests, exercise score was normalized to a standard R-wave 

1 . 15 (8396) of whom had either no disease or 1-vessel dis- voltage for aVF and for V5, the correlation with the 

| . ease. Moreover, of the 10 patients who had no significant thallium exercise score improved significantly. More- ! 
: . Coronary artery disease; 7 (70%) were deemed to have over, with R-wave correction, the linear regression 

;. 8 normal exercise response by both tests. Another 2 equations became similar for both the high/low-am- 

E ‘patients had just barely positive responses by both tests plitude group and the more moderate R-wave amplitude 

| (one had a significant muscle bridge obstructing systolic group of patients. Thus, we believe that correcting the 

- -. coronary arterial blood flow and one, with marked left amount of ST-segment depression for the magnitude 
ventricular hypertrophy,- had a borderline positive of the R-wave voltage is essential if one is to estimate 
;,', treadmill exercise score and a negative Hou exercise more accurately the degree of ischemia and the severity 
Prge): of the disease. Similar conclusions were reached by . 
a a Gerson et al? in their study of the ST-segment responses | 
D of normal men during exercise. 

i Disçi ussion The concept of applying a “gain factor” conection to: 

|: ^ In addition to the treadmill exercise score, the de- exercise-induced ST-segment depression 1 in patients 

‘-- velopment and availability of a second, independent with low-amplitude R waves as well is supported by a 

;» quantitative index of myocardial ischemia derived from recent publication by Hakki et al.!9 They compared 
"-'thallium-201 scintigrams?^? provides an important patients with an RV; amplitude of less than 11 mm to 

|, .noninvasive clinical tool. Because they both grade the those with an RVs amplitude greater than 11 mm. De- 
|," "intensity of exercise-induced ischemia, each test can be spite being similar in all measured variables, including 

l" used to calibrate the other. Although no absolute the extent of coronary artery disease, only 896 of patients B 
l- standard for quantitation of myocardial ischemia exists with an RV; amplitude of less than 11 mm had a posìi-- ` 
. with which to validate the tests, their good correlation ^ tive exercise test response, compared with 49% of pa- 

"' .with one another and the good correlation of each with tients with an RV; amplitude greater than 11 mm.. 

i^ .ah anatomically based coronary angiographic score? However, the incidence of thallium perfusion defects 

.^ strongly suggest that both measure independent aspects was similar i in both groups (73% vs 76%), suggesting that 

. `, of the myocardial ischemic response. The present study both groups had a similar degree of disease and that test 

b: , uses the quantitative thallium exercise score to explore accuracy would have been improved if a “gain factor" 

t. whether R-wave amplitude influences the degree of correction had been applied to patienti with a Ios R- 

1. ST-segment depression that occurs during exercise. The wave amplitude in Vs. 

'. degree of ST depression i is a major measurement from As previously reported, the iren dini exercise score 

:'.. the standard exercise stress test that is used to identify increased the sensitivity and correct classification rates 

© ;patients with myocardial ischemia and, by inference, 10 to 15% over that of conventional interpretation, even 

n coronary artery disease. Moreover, the degree of ST- when not corrected for R-wave amplitude: With cor- 

*.. gegment depression has prognostic and diagnostic im- rection for R-wave amplitude, this. diagnostic accuracy 

|... portance.’® Thus, it is of considerable clinical impor- improves further, especially in reducing the rate of 
(^. tance to establish whether patients with large R-wave false-positive responses. We found such improvement `` 
~ voltage develop inordinately great ST-segment de- in a recent study of 377 asymptomatic young men who 
: | pression during exercise just as a function of gain or underwent treadmill exercise testing as part of a car- 

^" amplification. If ST-segment displacement is magnified diovascular risk factor assessment study.!! Conven- 

i: by large-amplitude R waves, standard interpretation tional analysis of the exercise electrocardiogram yielded 

| .' of the exercise electrocardiogram, which does not take ` a false-positive rate of 12%, while the corrected treadmill . . 
" this “gain factor” into account, could lead to spuriously exercise score (derived from the sanie exercise tests) :' 
' , grave and unwarranted estimations of the extent of yielded less than 196 false positive responses. Many of 

: | ‘disease and prognosis. Using the thallium exercise score the false-positive responses by conventional analysis 
..,88 the standard for myocardial ischemia, the uncor- > arose from the presence of f large-amplitude R waves ee i 
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"« Coronary constriction at the site of atherosclerotic ` 


' :Stenoses has been suggested to play an Important . 


‘role in modulating the frequency .of symptoms In - 


' patients with. exertional angina. To Investigate © 


- whether stimuli triggering coronary coristrictlon have 
-similar effects In patlents with exertional and variant 
 ahglna, responses to hyperventilation (HV) and cold 
‘pressor test (CPT) were evaluated. Twenty patients 


-With chronic exertional angina, positive. exercise test: 
results and coronary heart disease were compared. ` 


with: 14 patients with variant angina and ST 


5 ‘ST-segment depression. In 6 of 20 patients (30%) 
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i * fecent studies have documented that some patients with 
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> "elevation during an ergonovine test. In patients with : 
“exertional angina, the CPT produced dlagnostic: 


- a levels of [ote pressure Pone much lower than | 


M HT artery spasm is ‘the ‘Gaal cause of md 
z ‘ischemia i in patients with variant angina.! However, ` 


“exertional angina have transient ischemic.episodes that. ' : 


, can play a pathogenetic role in this group of patients. 


= sieer oet 
»t 


"coronary. spàsm in most patients with active variant 
- angina* andi to precipitate myocardial ischemia, pre- 
|” ‘dominantly by a decrease:.of coronary. blood flow, in 


- unknown, however, is the relative potency of more. 
= physiologic vasoconstrictor stimuli in provoking myo- 
“cardial ischemia in the 2 groups of patients. Because 
T Pyperventilation ae and zold pressor t test (CPT) i in: 
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e Fron the Cardiovascular Unit, Royal Postgraduate Medical School, 
“ Hammersmith Hospital, London, England. Manuscript received No- 


are not preceded by significant increases of heart rate??.. 
"and suggested that dynamic coronary artery stenoses 


Furthermore, ergonovine has been shown to provoke . 


“many patients with exertional angina.5 What is still 


, vernber 8, 1984; revised manuscript March 1, 1985, accepted March 


`A, 1985. 
- Address for reprints: Filippo Crea, MD, Cardiovascular Unit, Royal. 
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- positive exercise test results and CAD documented at angi- 


'.exertion. 


effort tolerance and severe coronary artery disease. 
HV produced diagnostic ST-segment, depression In ` 


. only 1 of 20 patlents (5% ) (p «0.05 compared to ` 
". that. with CPT). Conversely, in patients with varlant : 


angina; HV produced ST-segment elevation In 11 of - 
14 patients (7826) and CPT produced elevation In ` 
only 2 of 14 (1496) (p <0.01). Thus, coronary con- 
striction can provoke myocardial Ischemia not only 
in patients with varlant angina but also In some pa- 
tients with exertional angina. Furthermore, the 2 . 
groups of patients have a different susceptibility to 


. stimuli known to produce coronary constriction. | J vt i 


„(Ams J Cardiol 1985; 506; Mea 
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DES 2. -æ 


crease e coronary. Pod T in pan ithe coronary - 


heart disease (CAD)®’ and provoke spasm in some pa- . 
_ tients with variant angina, we submitted patients with- 


either exertional or variant angina to both tests to assess 
the relative susceptibility to different nonpharmacalogic 
vasoconstrictor stimuli.. 


. Methods 
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those during the exercise test; all patients had low 
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We studied 20 bd, with exertional angina adi 14 with: oe i E i 


variant angina. All gave written informed consent to the study, 


‘Which was previously approved by the Ethical Committee. 


Patients with exertional angina: From October 1980 t6 ^ 9 


December 1981, 64 patients were admitted to our unit because ~.“ 


of chest pain. Of these, 20 patients (17 men, 3 women); aged - 
40 to 75 years (mean + standard deviation 56 + 9), were,se- ` 
lected for study. All had a typical history of exertional angina, 


ography. Previous myocardial infarction was documented 
in 10. Angina was stable in 17 patients; 3 had recent-onset an- ` 
gina (leás than 2 months) with symptoms predominantly on 


All patients EE Dieycle oromet exércise “testing. E UN 


Starting from an initial workload of 25:W. followed by 25-W. © 


increments’ every 2 minütes. À:12-lead electrocardiogram and | 


E blood j pressure (cuff) were monitored. When the exercise test : 
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produced transient ischemia at workloads of 75 W or less, it 
was considered a low-threshold positive test. When ischemia 
was induced at workloads greater than 75 W the test was 
considered a high-threshold positive test. 

Ergonovine testing was performed in all patients during 
12-lead electrocardiographic (ECG) and blood pressure (cuff) 
monitoring. Ergonovine maleate was administered intrave- 
nously in divided doses starting with 0.025 mg, followed by 


, doses of 0.05, 0.1 and 0.2 mg at intervals of 5 minutes until 


achievement of the maximal dose or diagnostic ECG changes, 
with or without chest pain, occurred (‘Table I). 

Patients with variant angina: Fourteen patients (11 men, 
3 women), aged 42 to 62 years (mean 51 + 11), admitted to our 
coronary care unit from October 1980 to June 1983 with 
transient ST-segment elevation during chest pain, were se- 
lected for study. Five had a previous myocardial infarction. 
All had typical angina predominantly at rest with frequent 
nocturnal attacks. Coronary angiography was performed in 
13. All patients underwent exercise and ergonovine testing as 
previously described for patients with exertional angina 
(Table II). 

Hyperventilation and cold pressor test: Within a few 
days of the exercise and ergonovine tests and after interrup- 
tion of antianginal treatment for at least 2 days (except for 
sublingual nitroglycerin), all patients underwent HV and 
CPT. Because of the circadian and day-by-day variability in 
the susceptibility to vasoconstrictor stimuli (particularly for 
variant angina), the 2 tests were always performed in the 
morning during the same session. HV was always performed 
first followed after 30 minutes by CPT. HV was performed by 
asking the patient to breath as deeply and as quickly as pos- 
sible for 5 minutes. CPT was performed by asking the patient 
to keep 1 hand in iced water for 2 minutes. All patients toler- 
ated both tests for the requested period of time. A standard 
12-lead electrocardiogram was continuously recorded and 
blood pressure (cuff) obtained at regular intervals throughout 
all sessions and for 10 minutes after completion of the tests. 
Ischemia was relieved by inhalation of amyl nitrate, selected 
because of its prompt but short duration of action; the drug 
was used only when HV and CPT produced ECG changes 
diagnostic of ischemia. 
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FIGURE 1. Open bars, basal and peak value of rate-pressure product 
(RPP) during both the exercise and cold pressor test in the 6 patients 
with exertional angina whose results were positive in both tests; the 
peak value is much higher during the exercise test. Crossed bars, the 
pattern of rate-pressure product is similar in 4 other patlents with similar 
exercise tolerance but negative results In the cold pressor test. 
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All tests were considered positive when more than 0.1 mV 
of downsloping or rectilinear ST depression or more than 0.1 
mV of ST elevation occurred in leads without pathologic Q 
waves. 

The effects of stress testing in each group of patients were 
statistically analyzed using a chi-square test. 


Results 


Exertional angina (Table I): The CPT result was 
positive in 6 patients (30%): All had ST-segment de- 
pression, which was accompanied by chest pain in 5. 
The exercise test result was positive (ST depression) in 
each of these patients at a low threshold. The ergono- 
vine test result (mean cumulative dose 0.133 + 0.06 mg, 
range 0.075 to 0.175) was also positive (ST depression) 
in all patients whose CPT result was positive. The CPT 
result was not positive in 4 other patients with low- 
threshold positive results (ST depression) of the exer- 
cise test; the ergonovine test result (cumulative dose 
0.375 mg) was positive (ST depression) in only 1 of these 
patients. In patients with a low-threshold positive ex- 
ercise test result, comparison of the rate-pressure 
product before testing and at the peak effect did not 
separate patients with positive and negative CPT re- 
sults (Fig. 1). In the remaining 10 patients, the exercise 
test result was positive (ST depression) at a high 
threshold. The CPT response was never positive in 
these patients, and the ergonovine test response (cu- 
mulative dose 0.375 mg) was positive (ST depression) 
in 2. 

HV produced ST-segment depression and chest pain 
in only 1 patient whose CP'T response was positive; he 
had a low-threshold positive exercise test result and a 
positive ergonovine test response (cumulative dose 0.075 
mg). No clinical and angiographic findings could dis- 
tinguish this patient from the others who had positive 
CPT responses but negative HV result. In patients with 
exertional angina the incidence of positive responses to 
CPT was significantly higher than that to HV (p «0.05). 
Figure 2 summarizes the results of stress testing ob- 
tained in patients with exertional angina. 

Variant angina (Table II): CPT produced ST- 
segment elevation and chest pain in only 2 patients. 
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FIGURE 2. Response to exercise, ergonovine, cold pressor test and 
hyperventilation In patients with exertional angina. In this group of pa- 
tients, the cold pressor test produces my@tardlal lschemia much more 
frequently than hyperventilation. 
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Ergonovine Test— 
Basal . Exercise Cumulative Dose (mg) 

Pt. ECG Test that Produced ST? 
1 Normal N 0.375 
2 Normal ST 0.175 
3 OAMI ST 0.075 
4  OAMI ST 0.375 
5 Normal ST 0.375 
6 Normal N 0.175 
7 OAMI ST 0.175 
8 OAMI ST 0.075 
9 OAMI ST 0.375 
10 Normal N 0.375 
11 Normal N 0.375 
12 Normal STi 0.375 
13 Normal N 0.375 
14 Normal N 0.375 


she exercise test, 1 patient had ST-segment el- 
and the other ST-segment depression. The er- 
e test response was positive (ST elevation in 
a cumulative dose of 0.075 mg. 
esponse to HV was positive in 11 patients (78%) 
iys associated with ST-segment elevation (9 also 
st pain). In 6 patients, HV-induced ischemia 
1 between 2 and 8 minutes (mean 3.2 minutes) 
continuing HV. The exercise test response was 
in 7 of these 11 patients (ST elevation in 4, S'T 
on in 3), and the ergonovine test response was 
(ST elevation in all [total dose ranging from 
0.375 mg, mean 0.250 + 0.13 mgl); in 2 of these 
nts the CPT response was also positive. Results 
'ere negative in 3 patients. In these 3 patients, 
novine test result was positive (ST elevation) 
il dose ranging from 0.175 to 0.375 mg (mean 
0.09); the exercise test response was positive in 
;pression). None of these 3 patients had a posi- 
[ response. In patients with variant angina the 
€ of positive responses to HV was significantly 
ian that to CPT (p <0.01). Figure 3 summarizes 
Its of stress testing obtained in patients with 


angina. 


Discussion 


s study the incidence of transient myocardial 
ainduced by HV and CPT was different in pa- 
ith exertional and variant angina. A positive 
ponse, similar to that observed during exercise 
novine tests, and chest pain were more often 
d by CPT than by HV in patients with exer- 
igina compared with responses in patients with 
ngina. In contrast, patients with variant angina 
ch more likely to have myocardial ischemia and 
in during HV than during CPT. 


pressor test: In patients with exertional angina, 
mhv was nat nerfoarmed during CPT: thia the 


Anglograpnic 
Findings (96 stenc 


Cold Pressor 
Test HV LAD LC RI 
N ST 0 0 
N s] 90 0 
st} ST 90 0 
N N 90 75 ! 
N sti 0 0 
N N 100 0 
N ST 95 0 
ST! ST x — iE. | Y 
N ST 90 70 
N ST 90 0 
N N 70 0 
N ST 95 0 
N S 0 0 
N ST 75 0 


ST = ST-segment elevation; — = anglography not performed; other abbreviations as In Table |. 


assume that the response to CPT wa 
by a decrease or inadequate increas 
flow as well as by an increase of ox 
The observation that ergonovine, 
dominantly constricts large epic 
produced an ischemic response in 
positive responses to CPT strongl 
sumption. Angiographic studies ha 
usually produces diffuse constrictie 
arteries although to a lesser extent t 
Thus, during CPT some patients wi 
have a further decrease in stenosis 
in a critical decrease in poststenotic 
coupled with modest increases in ra! 
causes subendocardial ischemia.!? 1 
plausible because all patients wit. 
sponses had ST-segment depressio 
generally considered to represe 
ischemia.!® A different individue 
coronary stenoses to undergo dyn: 
ameter in response to vasoactive s 
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22. ` CORONARY CONSTRICTION JN ANGINA PECTORIS” 


why,-among patients with similar exercise tolerance and 


similar severity of CAD, some did have myocardial 


ischemia during CPT when others did not. This vari- 


" ability cannot be explained by the presence of fixed 


coronary stenoses. 
The behavior of coronary-stenoses can also be inves- 
tigated by assessing exercise capacity before and after 


' "administration of coronary vasodilators. In patients 
- with positive ergonovine test results, the improvement 
' of exercise capacity after receiving nitrates and calcium 


antagonists is significantly greater than in those with 
negative ergonovine test results.1? Therefore, the actual 


. diagnostic yield of ergonovine testing and CPT in the 
routine clinical setting is not established. | 


Although both the ergonovine test and CPT appear 


- to identify a subset of patients whose coronary stenoses 
-- are likely to undergo dynamic changes in diameter, this 


does not necessarily imply that these changes are re- 


- sponsible for the patient's symptoms. 


The low susceptibility to CPT noted in patients with 


. variant angina has been confirmed by other investiga- 
: tors.191? In our study, ST-segment elevation in response 
` -to CPT was found in only 2 patients, both responding 
-` positively to a very low dose of ergonovine. Further- 


more, in these 2 patients, who had frequent spontaneous 


' . episodes of angina, we could not exclude spontaneous 
myocardial ischemia unrelated to the stimulus of 
"CPT. 


>. The coronary response to CPT is likely to be me- 


' diated by the stimulation of coronary a receptors, be- 


cause the increase of coronary resistance produced by 


- the test is abolished by pretreatment with phéntolam- 


ine.’ Therefore, the CPT result was usually negative in 
patients with variant angina since « receptors do not 
appear to play a major role in provoking large-vessel 
coronary spasm.1? | 
Hyperventilation: HV produced positive responses 


. in most patients with variant angina but in only 1 with 
. exertional angina. The positive response to the test in 
patients with variant angina was always characterized 


by ST-segment elevation. Other workers have con- 
firmed that HV alone”? or in combination with TRIS- 


. buffer?! frequently elicits coronary spasm in patients 
" with variant angina. The mechanism by which HV 


provokes coronary spasm is speculative; it has been 


- proposed that spasm could be triggered by the increased 


intracellular concentration of Ca** secondary to the 
decreased concentration of H*.2.22 However, as ob- 


Served in this study, in many patients the ECG changes 
occurred a few minutes after HV, when the pH was 
_ presumably back to control levels.” . 


Regardless of the mechanism, in patients with exer- 
tional angina the stimulus of HV did not produce 


.ischemia. No important constriction of coronary ste- 


noses (presumably) occurred, éven when coronary ste- 


- noses were pliable enough to be sensitive to the stimulus 
. of CPT and ergonovine. 

. . Limitations of the study: The sequence of admin- 
< -istration of CPT and HV was not randomized. There- 
fore, in 11 of the 14 patients with variant angina, CPT 


was performed approximately 30 minutes after the 


- administration of amy nitrite. =e could have affected : 


20. Girotti LA, : Croosato JR, Kaski JC, Dysze , Dyszel E, Rivas C 


21. Yasue H, N 
and 


` 
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' the responsiveness of coronary attains: However: de 


pharmacologic effects'of amyl nitrites only last a few 
minutes? and we always performėd CPT at least 20 
minutes after the hemodynamic effects caused by the 
drug had returned to the control level. 
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Reciprocal Electrocardiographic Changes 
in Acute Myocardial Infarction 


DAN TZIVONI, MD, ADRIAN CHENZBRAUN, MD, ANDRE KEREN, MD, 


JESAIA BENHORIN, MD, SHMUEL GOTTLIEB, MD, EVA LONN, MD, 
and SHLOMO STERN, MD 


If reciprocal electrocardiographic changes during 
acute myocardial Infarction (AMI) are a result of 
Ischemia of the wall opposite the AMI, a stress test 
Is expected to Induce similar changes In the corre- 
sponding electrocardlographlc leads. Right atrial 
pacing was used as a myocardial stress method 
in 137 consecutive patients recovering from a 
transmural AMI, and the appearance of pacing- 
provoked ischemla before hospital discharge was 
correlated to the presence or absence of ST de- 
presslon in the opposlte wall during the inltial 48 
hours. Of the 137 patlents, 83 (6196) had reclprocal 
changes; they were more common In Inferlor (87 96) 
than in anterior (37 % ) AMI (p <0.01). Of 54 patlents 
without reciprocal changes, only 5 (996) had ST 
depresslon dur!ng predischarge pacing; however, 
of the 83 patients with reciprocal changes, 41 had 
pacing-Induced Ischemia (p «0.01) and 42 did not, 


ST-segment depression in the electrocardiogram (ECG) 
in the wall opposite the infarcted territory is frequently 
observed during acute myocardial infarction (AMI); 
however, the mechanism responsible for it is unclear. 
Most studies have ascribed these reciprocal changes to 
a mirror electrical phenomenon,!~’ whereas others claim 
that it represents ischemia of the opposite wall.9.? Pre- 
vious | investigators tried to clarify this question by 
ae the magnitude of ST elevation with the 

magnitude of ST depression,**®? by wall motion analysis 
of the reciprocal area?36:>13 and by coronary angio- 
UD c evaluation of arteries supplying the reciprocal 
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indicating that in half of this group the reciprocal 
changes represent ischemia of the opposite wall. In 
the other half of the group, without ST depression 
during pacing, these changes may be a “mirror 
Image" phenomenon. Follow-up showed that angina 
pectoris, positive treadmlil test response 6 months 
later, or recurrent AMI all consequences of impalred 


. myocardial blood supply, were significantly more 


frequent in patients with reciprocal changes. This 
group could be further separated according to the 
results of right atrlal pacing, because angina pectorls 
or recurrent AMI were infrequent among those with 
reciprocal changes and negatlve pacing responses, 
but was frequent among those with reciprocal 
changes and positlve pacing responses. Thus, re- 
ciprocal changes during AMI may be due, in different 
patlents, to different mechanisms, ischemia and 
mirror image. (Am J Cardiol 1985:56:23-26) 


If reciprocal changes represent true ischemia of the 
opposite wall due to occlusive disease in the coronary 
arteries to this area, predischarge stress testing is ex- 
pected to induce similar changes in the same area. We 
used right atrial (RA) pacing as a myocardial stress 
method in 137 consecutive patients with transmural 
AMI. In previous studies using RA pacing in patients 
recovering from AMI, those who had ST depression 
during pacing had a higher incidence of angina pectoris, 
recurrent AMI and cardiac death during the follow-up 
period.14-15 When the ST depression induced by RA 
pacing was compared with that during a treadmill test 
performed either at discharge or 6 months later, RA 
pacing was at least as accurate as treadmill testing in 
detecting myocardial ischemia in patients after 
AMI.!6:17 Jn this study'we compared the appearance of 
pacing-provoked ischemic changes before hospital 
discharge with the presence of ST depression in the 
opposite wall during the initial 48 hours, and correlat- 
ed these changes with the clinical outcome of these 
patients. 
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i. is IRE 
All patients 137 ; 
“ m 2 109 
Women . . 28 
: Mean age (yr). . 63 
oa Mean max. CK (U) 64 
; Mean max. ST| (mm) 2.7 
"n . Anterior AMI. . 3 
i . Inferior AMI 64 
oy . "Follow-up . | "i 
i; - Angina; positive "os 61(4596) ^, 
. , exercise test result 2 s 3 
. Heart fallure - wer e 
Recurrent AM! —  — . 10. 
-Cardlac death ` psc 
Dos xoci elevation. 
- 
p 
Methods 


. block or. permanent pacemakers were not,included, whereas 


. those with previous AMI, angina pectoris or congestive heart: 


failure were not. excluded from this study. . 

‘All patients had repeated.12- lead ECGs during the first 24 
hours of the AMI. The same ECG that showed the maximal 
ST elevation within the first 24 hours was used for analysis 


. of the ST elevation and depression. In patients with anterior : 
AMI, ST depression was regarded as reciprocal if it appeared : 


“in 2 inferior leads (II, ITI and aVF), and in inferior AMT in at 


. least 2 anterior leads (Vs to. Ve, I and aVL), and was 1 mm or" | 
" ‘more. The patients with inferior AMI were further subclas- . 
_ sified into 3 groups according to the location of the reciprocal ' 


- changes: those with ST depression i in anterior leads (V2 to V4), 
those with ST depression in lateral leads (I, aVI, and. Vs to V) 
: and those with extensive ST depression (I, aVL and V3 to V6). 


- Patients with anterior AMI were not classified into subgroups . i | 
because of the relatively limited representation of the opposite E 


wall (II, III and a VF). 

RA pacing is routinely performed i in our department ii in all 
"patients recovering from AMI in order to indicate the presence 
of residual myocardial ischemia. Previous studies have shown 


that this can be performed safely and has several ad i 
CH DE BOTOR bay Wc eee, and 52 U in those without (p <0.02). The mean-maximal * 


ST elevation in all 127 patients was 2.7 nim: Among the 
83 with reciprocal changes, the mean maxinial ST ele- © 
vation was 2.8 mm and the mean maximal ST elevation. . f 


over modified treadmill stress after AMI 14-17 The pacing was 
: performed 10 to 18 days (mean 12.8) after AMT at the patient's 
.bed and was started at a rate of 10 beats/min faster than the 
heart rate at rest, and was increased by 10 beats/min every 2 
. minutes until the target heart rate of 160 beats/min was 


- achieved. Pacing was terminated at a lower rate if Severe 
E ischemic changes (3 mm or more of ST depression) or severe 
angina developed. During pacing, ewery minute leads Vato Ve 


." were recorded, and every second minute blood pressure was 


i. 
i 
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“measured. At every second | pacing rate a 12-lead electrocar- 


' diograni was recorded. The response to pacing was regarded - 


ag ischemic if greater than 1 mm of horizontal or downsloping 


~ ST-segment depression was observed that persisted in at least - 
.9 emer E beats. For the purpose m this. dnd did RA. S 


+ ni H DA 
k id a - 
* . P ` i a 1 ty 
" » D E 
QNSE 
, - t = 4 
1 ; t 
b a i! ud a N r L - - r 
' 
2t * " t ‘aioa 
Eig a m FIR s 
o — (RP RR Li 4 


.- 64 (99%) 
horde um 


p mm We studied 137 consecutive patients who o 
“ eted from transmural AMI, were hospitalized within 24 hours ' 
of the initial chest pain and had ST elevation of atleast 0.5 - 
imm in the infarcted territory. There were 109 men and 28 : 
"women, aged 28:to 79 years (mean 63), Transmural.AMI was: 
^ diagnosed if chest pain persisted for at least 30 minutes, if - 
there was at least a 2-fold increase in the.serum level of cre- 

P ‘atine kinase (CK) and if new Q waves at leàst 40 ms in dura- -- 
. tion appeared on the ECG. Patients with left bundle branch: 
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Data on 137 Pallenis with Acute Tranamural Myocardial Infarction, Da ea aa EE tg 


t 


pacing response was conde! paiva only if ihe ST ros 


T pression appeared in the wall opposite the infarcted territory ` 


(the area where the reciprocal. ST depréssions were observed ^ 


. ., during thé acute phase). There were no electrocardiographic: .: 


or CK. changes i in any | of.the patients within 24 nee sda the ` 


test. . 


‘The ST depressiori that appeared: during RA pacing s were ` 


‘compared with the reciprocal changes. during the acute stage 


of ST elevation. The assessment of RÁ pacing was: made . 
without the knowledge of the presence or absetice of reciprocal 


changes. |^. > 
. Before discharge, all patients were tesedludted for the: pres- ; 
: enee or absence of clinical congestive heart failure or dngina 

. ` pectoris. These variables and the maximal CK level were re: . 
'' lated to the clinical outcome of these patients. After discharge, 


all patients were examined at our ‘outpatient clinic at 1, 3, 6, 
9 and 12 months, and every 4 months thereafter, where linical - 
history, physical examination and ECG were obtained. Al . 


' patients underwent a treadmill stress test 5 to'7 months after 


discharge: No patient was lost to’ follow-up. Statistical. - 
methods used were the Student t test-and chi-square test, with ` 


appropriate corrections for smaller (fewer than 30) samples ds 


when pecomaly, 


_ Results 


inferior AMI. Reciprocal ST depression was observed . 
in 83 patients (61%); these changes were seen in 27 of the. ~ 
patients (37%) with anterior MI and 56 of thé patients | 
(87.5%) with inferior AMI (p <0. 01). Mean maximal CK: | 
wag 72 U (normal 12 U) in those with reciprocal changes ~ 


among the 54 patients with reciprocal changes; was 2. €. 


` mm (difference not significant) (Table I). : 


The correlation between reciprocal changes and re», 
sults of RA pacing is summarized in Table II. Pacing : 
produced ischemic changes in the opposite wall, i.e;, in 
the area that exhibited the reciprocal change during the . 
acute phase, in 46 of the 137 patients (33.6%) studed: 41 - 
of these patients (89%) had reciprocal changes and 5 


(11%) did not. Of, MIS. Fa | betiqnte with reciprocal: ; 





. 18(16969) ^ . 01 BENE Mu 
AMI — = acute myocaidiat infarction; CPK = creatine Kinase; mex, ^ maximal; NS, not significant; ST Nh cau 


Of B 137. ‘patients studied, 73 had anterior und 64 
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TABLE li Correlation Between the Results of Right Atrlal 
Pacing and the Presence or Absence of 
Reciprocal Changes 


Right Atrial 
Facing Response 
Reciprocal Changes Negative Positive 
All Patients 
ST depression 54 1 49 5 (9%) 
ST depression 83 42 41 (49%) 
Total 137 91 46 (3396) 
Inferior Myocardial Infarction 
No ST depression 8 5 3 (37%) 
With ST depression 56 22 34 (6196) 
Total 64 27 37 (5896) 
Anterior Myocardial Infarction 
No ST depression 46 44 2 (496) 
With ST depression 27 20 7 (26%) 
Total 73 64 9 (1296) 


changes, 41 (49%) had ischemic changes on RA pacing 
but only 5 of the 54 (9%) without reciprocal changes had 
positive RA pacing responses (p «0.01). Of the 73 pa- 
tients with anterior AMI, reciprocal changes were ob- 
served in 27; 7 of these (26%) had positive pacing re- 
sponses, but only 2 of the 46 patients without reciprocal 
Per had positive pacing responses (14.3%) (p 
«0.01 

The frequency of reciprocal ST depression seemed 
not to be correlated with the magnitude of the ST ele- 
vation: 60% of the patients with ST elevation of 1 to 2 
mm, 56% of those with 2 to 3 mm and 65% of those with 
3 mm or more exhibited ST depression. 

Of the 64 patients with inferior AMI, 56 had recip- 
rocal changes; 34 of those (61%) had positive RA pacing 
responses. Of the 8 patients without reciprocal changes, 
3 (37.5%) had positive pacing responses (difference not 
significant). The 56 patients with inferior AMI and re- 
ciprocal changes were categorized into 3 subgroups ac- 
cording to the location of the ST depression in the an- 
terior wall (Table III). Most patients had reciprocal 
changes in the precordial and lateral leads (64%), 
whereas only 20% had ST depression in leads V5 to Va 
and 16% in the lateral wall. As can be seen, the pacing 
response was positive with a similar frequency at the 
different locations of reciprocal changes. Patients with 
inferior AMI, who showed extensive réciprocal changes 
(leads V5 to Ve, I and aVL) had a higher mean CK level 
(70 U)|than those with reciprocal changes in leads V» to 
V4 only (54 U) (p <0.01) or in the lateral wall only (32 
U) (p X0.01). | 

During a follow-up period of 6 to 36 months (mean 
24), angina pectoris or a positive result on treadmill 
stress testing were observed in 61 of the 137 patients 
(45%):'in 12 of the 54 without (22%) and in 49 of the 83 
with (59%) reciprocal changes (p <0.01) (Table I). Of 
the 83 patients with reciprocal changes the presence of 
positive pacing responses identified those with a worse 
prognosis (Table IV). Of the 41 patients with reciprocal 
changes and positive RA pacing responses, 36 had an- 
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TABLE lll Results of Right Atrlal Pacing in 56 Patients 
with Inferior Wall Myocardlal Infarction and 
Reciprocal Changes 


ST Depresslon—Leads 
Vo-Va4 laVi, Vo-Vg | aVL, Ve-Vo6 
Patients 11(20%)  36(64%) —«—-9(16%) 
Positive pacing 7 (6496) 23 (6496) 4 (4496) 
Mean maximal CK 54 70 32 
level (U) 


gina or positive exercise tests during the follow-up pe- 
riod, 7 had had recurrent MI and 8 died. Of the 42 with 
reciprocal changes but negative pacing responses, only 
13 had angina or a positive exercise test result (p <0.01) 
and 2 had recurrent AMI and died (p 0.1). Congestive 
heart failure was observed in 24% of those with and in 
29.6% of those without reciprocal changes (p = 0.1). 
Recurrent AMI occurred in 10 patients, 9 had reciprocal 
changes and 1 patient did not (p «0.05). Seventeen 
patients died (including 5 with recurrent AMI) during 
the follow-up period; 13 had reciprocal changes and 4 
did not have them (p = 0.1). 


Discussion 


Reciprocal electrocardiographic changes during AMI 
are simple mirror images with?-19:18 or without clinical 
significance according to some investigators," although 
others postulate that these changes represent true 
ischemia of the opposite or adjacent wall.59 Most of 
these investigations involved wall motion analysis of the 
opposite wall or coronary angiography of the vessel 
supplying the noninfarcted wall.2-98.12,13 

This study uses a new approach for investigating the 
nature of reciprocal changes, using RA pacing as a stress 
method before hospital discharge. If reciptocal ST de- 
pression 18 an expression of ischemia in the opposite 
wall, similar changes would be expected to appear 
during pacing in the same electrocardiographic lead. 
Our study indicates that ischemic changes during pacing 
occur more often in patients with than in those without 
reciprocal changes (49% vs 9%, p <0.01). Of the 46 pa- 
tients who had ischemic changes on RA pacing, 41 (89%) 
had reciprocal changes, whereas only 5 (11%) did not. 
Thus, absence of reciprocal changes during the acute 
phase of AMI is only rarely associated with ST de- 
pression on pacing, indicating, we believe, that ischemia 
in the opposite wall rarely exists in these patients. On 
the other hand, among the patients with reciprocal 
changes, about half had ischemia on RA pacing, indi- 
cating that in these patients the reciprocal changes are 
probably a result of myocardial ischemia; in the other 
half it may represent a mirror image phenomenon. 
Thus, patients with reciprocal changes are in fact a 
nonhomogenous group, including those with mirror 
images and those with true ischemic changes in the 
opposite or adjacent wall, this may well explain the 
contradictory results in previous reports, which at- 
tempted to attribute this phenomenon to 1 cause. Bil- 
ladello et a1,1? using positron tomography, came to a 
similar conclusion studying 9 patients with inferior AMI 
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26 RECIPROGAL CHANGES IN' MYOCARDIAL INFARCTION 


- TABLE IV Follow-Up of 83 Patients with Reciprocal Changes During Acute Myocardial 
` Infarction: Correlation with Results of Right Atrlal Pacing 


Follow-Up 
Recurrent 
Right Atrial Angina/Positive Myocardial Cardiac 
Pacing Response No. of Pts. Exercise Test infarction Cause of Death 

Negatlve 42 13 (3196) 2 (496) 5 (12%) 
Positive 41 36 (8896) 7 (1796) 8 (1996) 
Total 83 49 (5996) 9 (1196) 13 (16%) 
p value «0.01 «0.05 NS d 


NS = not significant. 


and reciprocal changes. Pichler et al% found that nearly 
all patients (9470) with remote wall motion abnormali- 
ties during acute AMI had reciprocal changes and, 
conversely, most patients (71%) with reciprocal ST 
depression had remote wall motion abnormalities. 
The follow-up substantiates our assumption that 
residual myocardial ischemia occurs more often in pa- 


tients with reciprocal changes, as angina pectoris, pos- 


itive stress test responses and recurrent AMI—all 
manifestations of impaired myocardial blood sup- 
ply—were significantly more frequent in these patients. 
However, patients without reciprocal changes, who only 
rarely exhibited ischemic changes on RA pacing, in- 
frequently had angina pectoris or reinfarction during 
the follow-up period. The patients with reciprocal 
changes could be further separated into those with a 
better prognosis and those with a worse prognosis ac- 


. cording to the results of the RA pacing. Angina pectoris 


or positive stress test responses and recurrent AMI oc- 
curred more frequently only in those with ischemia on 
RA pacing; we believe that the reciprocal changes in 
these patients were due to ischemia of the opposite wall 
and they therefore had a worse prognosis. However, in 
the patients with reciprocal changes and a negative 


predischarge RA pacing response, the reciprocal ST 


depression was probably a mirror image phenomenon 
and thus was associated with a better prognosis. 
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Atrial Fibrillation in Acute Myocardial Infarction 


N 


TETSURO SUGIURA, MD, TOSHIJI IWASAKA, MD, AKIO OGAWA, MD, 
YOSHIHACHIRO SHIROYAMA, MD, HISAKO TSUJI, 


MD, 


HIDEKI ONOYAMA, MD, and MITSUO INADA, MD 


To elucidate the genesis and effect of atrial flbril- 
lation (AF), 102 patlents with acute myocardial In- 
farction were studied. Eighteen patients had AF 
during the first 72 hours in the coronary care unit. 
The hospital mortality rate was 23 %. Discriminant 
analysis was used to determine the important vari- 
ables contributing to the genesis of AF and hospital 
mortality based on the following variables: cardiac 
output, pulmonary capillary wedge pressure, right 
atrial pressure, systolic blood pressure (at admission 


Although atrial fibrillation (AF) is a common compli- 
cation in the early phase of acute myocardial infarction 
(AMI), the mechanism involved in its genesis and the 
effect on mortality remains controversial!-? In the 
present study, discriminant analysis was used to de- 
termine the relation between AF and the hemodynamic 
getting in which they occurred and the effect of AF per 
se on hospital mortality. 


Methods 


Patients: We studied 102 consecutive patients with acute 
Q-wave infarction who were admitted to coronary care unit 
within 48 hours from the onset of chest pain and in whom a 
Swan-Ganz catheter was inserted at the time of admission.!? 
During the 2 years of this study, we inserted Swan-Ganz 
catheters in all but 7 patients who were admitted to the cor- 
onary care unit within 48 hours from the onset of chest pain. 
These 7 patients died within few hours from admission. The 
patients with AF at the time of admission were not included 
in this dy. 

osis: The diagnosis of AMI was made if the patient 
had ST- -T-wave changes with new Q wave in serial electro- 
cardiograms. 

Recordings: All patients were monitored continuously and 
AF was observed or triggered by the rate-dependent alarm 
system. AF was defined electrocardiographically by fine, ir- 
regular atrial waves associated with an irregular RR interval. 
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and before the onset of AF or most abnormal value), 
age, location of Infarctlon, sex and pericarditis. 
Pulmonary capillary wedge pressure, right atrlal 
pressure and age were the important factors con- 
tributing to AF, whereas pulmonary capillary wedge 
pressure and age were important for hospital mor- 
tality. Therefore, the hemodynamic change Imposed 
on the left atrium and aging are the major factors re- 
lated to the occurrence of AF and hospital mortality. 
(Am J Cardiol 1985;56:27-29) 


Hemodynamic measurements including cardiac output, 
pulmonary capillary wedge pressure and right atrial pressure 
were determined by the Swan-Ganz method. Cuff blood 
pressure was also measured. Pulmonary capillary wedge 
pressure, right atrial pressure and blood pressure were de- 
termined at least once every 2 hours and cardiac output every 
6 hours. 

Statistical analysis: Results are reported as mean + 
standard deviation. A Student £ test and paired ¢ test were 
used for quantitative data, and chi-square analysis for qual- 
itative data. Linear discriminant analysis was used to evaluate 
the important variables contributing to the genesis of AF and 
the hospital mortality. 


Results 


During the first 3 days in coronary care unit, AF was 
found in 18 patients (group 1) and was absent in 84 
patients (group 2). All episodes of AF were transient and 
converted to sinus rhythm spontaneously or with 
treatment. Eight patients had recurrent episodes of AF. 
In these patients, the first episode of AF was evaluated. 
Twenty-three patients died in the hospital. The mor- 
tality rate was 50% in group 1 and 17% in group 2. 

Variables included in the discriminant analysis 
(Table I): Age: Age distribution was 26 to 99 years. 
Patients in group 1 (71 + 12 years) were older than those 
in grdup 2 (61 + 13 years). 

Location of infarction: Forty-one patients had infe- 
rior infarction and 61 patients anterior infarction. There 
was no significant difference in the rate of inferior in- 
farction between the 2 groups. 
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Sex: Male:female ratio was 12:6 in group 1 and 50:34 
in group 2, which was not significantly different. 

Pericarditis: The diagnosis of pericarditis was made 
if the patient fulfilled more than 2 of the following cri- 
teria: pleuritic chest pain, pericardial friction rub, 
echocardiographic evidence of pericardial effusion. 
There was no significant difference in the rate of peri- 
carditis between group 1 (22%) and group 2 (19%). 

Hemodynamic measurements at admission: Cardiac 
ee pulmonary capillary wedge pressure, right atrial 
plssure and systolic blood pressure at admission were, 
respectively, 4.11 + 1.18 liters/min and 15 + 7,7 +5 and 
122 + 26 mm Hg in group 1, and 4.57 + 1.22 liters/min 
and 13 + 6,6 + 4 and 126 + 24 mm Hg in group 2. There 
were no significant differences in any of the variables 
between 2 groups. 

Hemodynamic measurements before AF (group 1): 
Cardiac output, pulmonary capillary wedge pressure, 
right atrial pressure and systolic blood pressure 
before the onset of AF (sinus rhythm) were 4.29 + 1.18 
liters/min and 18 + 5,9 + 5 and 114 + 19 mm Hg. Pul- 
monary capillary wedge pressure and right atrial pres- 
sure rose significantly from the time of admission 
(p «0.05 and p «0.05, respectively). In 14 patients 
(78%), pulmonary capillary wedge pressure before AF 
was the highest recorded value when they were in sinus 
rhythm. : 

Most abnormal value (group 2): Hemodynamic 
measurements at the time of most abnormal pulmonary 
capillary wedge pressure during the first 3 days was 
evaluated in group 2. Cardiac output (4.73 + 1.13 li- 
ters/min), pulmonary capillary wedge pressure (14 + 
4 mm Hg), right atrial pressure (6 + 4 mm Hg) and 
systolic blood pressure (115 + 20 mm Hg) were not 
significantly different from the time of admission. 

Important variables contributing to AF and the 
hospital mortality (Table II and III): Pulmonary 
capillary wedge pressure, right atrial pressure and age 
were important among 12 variables for the occurrence 
of AF by the discriminant analysis. AF was added to the 
12 variables to evaluate the hospital mortality. Pul- 
monary capillary wedge pressure and age were the im- 
portant variables affecting hospital mortality. Proba- 
bility of misclassification by the Mahalanobis's 
generalized square distant was 0.224 for AF and 0.181 
for the hospital mortality. 


Discussion 


| 

AF is a relatively common arrhythmia in patients 
with AMI. However, the mechanism involved in its 
genesis and its prognostic significance are controversial 
subjects. We found an 18% incidence of AF during the 
first 3 days in patients admitted with AMI. Although 
brief épisodes of AF may have been undetected, it could 
not have been a significant amount because our in- 
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| 


' 
1 
| 
1 


cidence of 18% is in the upper range of previous 
reports.1-? 

Several mechanisms of AF in AMI have been pro- 
posed, including left ventricular pump failure, com- 
promised blood supply to atrial structures, anoxia, 
autonomic factors, pericarditis and iatrogenic 
factors.}4-9.11.12 In our study, no significant differences 
were observed in the hemodynamic measurements be- 
tween group 1 and group 2 at admission, but the pul- 
monary capillary wedge pressure and the right 
atrial pressure increased significantly before the onset 
of AF in group 1. À very clear increase in the incidence 
of AF with advanced age was found. AF in the elderly 
may be related to the increased incidence of coexisting 
pathologic changes in the infarcted myocardium, which 
could contribute to left ventricular pump failure.1?:14 
Therefore, considering the result of discriminant 
analysis, the possible mechanism contributing to the 
genesis of AF is the rise in atrial pressures associated 
with atrial distention, which is probably a result of the 
hemodynamic change imposed on left ventricle by the 
infarction. 

'The effect of AF on the mortality rate in patients with 
AMI differ among previous reports.2* In our patients, 
the mortality rate in group 1 was significantly higher 
than that in group 2 (p «0.005), but the relative im- 
portance of AF contributing to the hospital mortality 
was low. The major factors were pulmonary capillary 
wedge pressure and age. 'l'hese data indicate that AF 
in itself has no significant influence on the hospital 
mortality and that underlying hemodynamic impair- 
ment is the primary factor related to the increased 
mortality. 
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“Factors Associated with Progression of isi Artery 


Disease in Patients with Normal or Minimally - 
men Coronary Arteries 
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.and DAVID D. WATERS, MD 





This study was performed to identify the subset of 


patlents with normal or with minimal (49 % or less) 
‘stenosis of the coronary vessels who may be prone 
' to progressive coronary artery disease (CAD). Data 
were collected from 51 patlents (19 men, 32 
. women, mean age 48 years) with normal coronary 


arteries (20 patients) or with minimal narrowing (31. 
patients) on a first angiogram, who underwent re- 


peat catheterization 4 to 120 months later (mean 
52) because of persistent chest pain. Three classic 
lifestyle-related risk factors (systemic hypertension, 
cigarette smoking status and hypercholesterolemia) 
were noted; the number of diseased segments on the 
_ first anglogram was counted according to a 15- 
segment coding system. Progression of CAD re- 
' quired the consensus of 3 observers on a 30% or 
. greater decrease In luminal dlameter. Progression 


" many as 17% of the patients who underwent cathe- 
terization in the Coronary Artery Surgéry Study 
(CASS)! had either normal or minimally diseased (49% 
or.less diameter reduction) coronary arteries. The vital 
prognosis of these patients is usually good. 2-6 Although 
the symptoms may improve spontaneously,’ many pa- 
tients remain limited in their daily activities. Persis- 
tence of chest pain may lead to a second coronary an- 
giogram; it was the reason for as many as 13% of all 
repeat catheterizations in a recent series? Thus, 
distinguishing patients with progressive coronary artery 
disease (CAD) from those with stable coronary anatomy 
may help deliver optimal care. The present investigation 


confirms a previous report that patients with minimal 
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was recorded In 16 of 31 patients with minimal CAD -` 
and in 3 of 20 patients with normal coronary arterles 
(p <0.01). By multivariate logistic regression, pro- 
gression was predicted by (1) number of diseased 
segments (p = 0.001), (2) age- (p «0.01), (3) 
smoking status (p <0.05) and (4) initial cholesterol 
level (p <0.05). Using the probablilty computed by 
the logistic model, we could separate the 51 patients 


‘In groups with low (0 of 18), medium (9 of 23) and 


high (10 of 10) risk of progression. Thus, patlents 
with normal or minimally narrowed coronary arteries 
at angiography form a heterogenous population In-  : 
cluding both normal or borderline subjects and pa- ` - 
tlents with CAD at its early stage. The latter condi-  : 
tlon was assoclated with presence of risk factors 
and to the anglographic extent of the disease. . ` 
(Am J Cardiol 1985;56:30- bad | 


CAD are at higher risk of progression than patients with : 


an initial normal angiogram!? and shows that the initial . . 


angiographic extent of the disease and the presence of 
risk factors at the early state of atherosclerosis are 
predictive of progression. 
. Methods | 
Patients: From January 1970 to May 1982, 413 patients 


underwent coronary arteriography twice at our institution at ' 


least 3 months apart and without interim coronary artery 
bypass surgery or angioplasty. This report deals with the 51. 
patients from that series with normal or minimally diseased 
(49% or less) coronary artery at the time of the first angiogram. 
The reason for the second catheterization was stable angina 
in 19 patients, new atypical symptoms in 22, an episode of 
unstable angina in 1 patient, recent myocardial infarction in 
4 and multiple reasons in 5. The results found in patients with 
more severe (5096 or more stenosis) coronary atherosclerosis js 
have been published.! 
Clinical data: Age, presence of, hypertension,. ater Dl] 
status and cholesterol level were recorded at the time of the 
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TABLE! Characteristics of 51 Patients at the Time of the First and Second Anglograms 
Variables 1st Anglogram 2nd Anglogram 
Sex - ` 
Men 30 (59 96) 
Women 21 (4196) 
Age (yr) 48 d- 9 5209 
Angina functional class* 
0 7 2 
1-2 6 6 
3-4 12 14 
^u Not exertional 26 29 
| Prevíous Infarction 9 
Interim infarction 5 
Coronary artery disease 
Nono 20 17 
Minimal (4996 stenosis) 31 18 
Moderate (50—6996 stenosis) 6 
Definite (27096 stenosis) 11 
No. of diseased segments! 1.2 i 1 1.4 1.5 
Ejection fraction 64 067 62+ 10 
Patients with progression 19 
Patients with occlusion 5 


* Canadian Cardiovascular Society definition. 
t |n a 15-segment coding system. 


first angiogram. Former smokers who did not smoke in the 
year before the first angiogram were considered as non- 
smokers. Hypertension was defined by repeated recording of 
systolic blood pressure of 160 mm Hg or higher or of diastolic 
pressure of 100 mm Hg or higher, or by the use of a hypoten- 
sive drug. Hypercholesterolemia was diagnosed when blood 
cholesterol level exceeded 250 mg/dl. The Canadian Cardio- 
vascular Society classification!? was used to grade angina. The 
diagnosis of previous or interim myocardial infarction was 
documented by 2 of the 3 following criteria: chest pain lasting 
30 minutes or longer, presence of a Q wave or of documented 
evolving ST-segment changes, and elevation of creatine ki- 
nase or oxalic transaminase level to at least twice the upper 
limit of normal. An ergonovine test was performed in 17 
patients." 

Assessment of coronary disease: Selective coronary ar- 
teriography was performed by techniques previously de- 
scribed. The percent diameter narrowing was assessed in 15 
coronary artery segments!? by a consensus of 3 observers.19 
The baseline and follow-up identities of both angiogram but 
not the clinical characteristics of the patients were known by 
the panel of readers. Patients with no lesion of 50% or greater 
luminal diameter but at least 1 lesion of less than 50% luminal 
diameter were considered to have minimal CAD.! The number 
of diseased segments in the predefined coding systemi was 
counted. Progression was defined as a 30% or more reduction 
in luminal diameter appearing between the first and the sec- 
ond dngiograms. 11,17 Occlusion—complete obstruction—was 
not counted as progression. The rationale for this methodol- 
ogic choice has been discussed!! and a study of the clinical and 
angiographic predictors of new total coronary occlusion in the 
same series of patients have indeed shown that the predictors 
of occlusion were different from the predictors of progression 
without occlusion.!® Left ventriculograms obtained in the 30° 
right anterior oblique projection were analyzed by separating 
the left ventricular contour into 5 segments.}-15 Ejection 
fraction was calculated for all patients. 

Analysis of the data: Univariate comparisons between the 
group of patients with progression and the group without were 
performed by the £ test for quantitative variables and by the 
chi-square test or by Fisher's exact probability test for di- 
chotomic characteristics. Two multivariate analyses were 
performed. First, data were displayed by extent score, number 
of risk factors and progression. This 3-way frequency table was 


analyzed with log-linear models,!? a marginal association test? 
being used to test the significance of the interactions. 

Second, the data were fitted by a logistic regression 
model?!: 


= [I + exp(—a — bixi . e ~DaXn)}7! (1) 


where p = the probability of progression and x1, Xo, .. . Xn = 
variables retained in a stepwise manner. Maximum likelihood 
method was used to calculate a, by, bo... b4.?? At each step, 
the additional contribution of the next selected variable was 
assessed by a likelihood ratio test. Significance was defined 
as p «0.05. 


= b2X» — 


Results 


Characteristics of the study group (Table I): The 
study group was characterized by a high percentage of 
women (41%), angina unrelated to exercise (51%) and 
previous myocardial infarction (18%). The relatively 
high incidence of chest pain and previous myocardial 
infarction in patients with no significant CAD is ex- 
pected in this series of patients, considering that they 
underwent catheterization for clinical reasons. 
Thirty-one patients had minimal CAD on the first an- 
giogram and 20 had normal coronary arteries. Ergono- 
vine tests revealed variant angina in 3 patients; these 
3 patients had initial minimal CAD. 

Progression: The second angiogram was performed 
after 4 to 120 months (mean 52). Progression was ob- 
served in 19 patients (3 of 20 with normal coronary ar- 
teries and 16 of 31 with minimal CAD, p «0.01). At the 
time of the second angiogram, 11 patients had definite 
(27096 stenosis)! CAD. One patient had significant 
stenosis (25096) of the left main coronary artery and 2 
patients had significant stenoses (270%) of the pre- 
septal left anterior descending artery (27096). Occlusion 
recorded separately was present in 5 patients, 4 of whom 
had had an interim myocardial infarction. Conversely, 
4 of the 5 patients with an interim infarction had evi- 
dence of occlusion on the second arigiogram. Of the 3 
patients with variant angina, 2 showed progression and 
I patient showed occlusion. 








Initial cholesterol level and hypertension. 
. A In each cell, the number of cases with progression is reported to the 
total number of cases. 


Univariate predictors of progression (Table II): 
' The interval between the 2 studies did not discriminate 


. patients with progression, In male patients CAD pro- ` 


' nw slightly more than in female patients, but the 

ifference was not significant. Clinical symptoms— 
 worsehing angina, rest angina or interim myocardial 
infarction—were poor predictors of progression. Sub- 
' division of ‘patients according to the presence or absence 


of CAD on the initial angiogram yielded a good strati- - 


fication for the risk of progression (16 of 31 vs 3 of 20, 
p <0.01). The number of initially diseased segrnents was’ 
even more predictive (2.1 + 1.6 vs 0.8 + 0.9; p <0.001); 
this differénce remained conclusive in the subset of 31 
patients with minimal CAD on the first angiogram (2.4 
+ 1.4 vs 1.6 + 0.7, p <0.05). Three classic risk factors 
were prédictive of progression: age (p «0.01), initial 
smoking habit (p «0.05) and high blood cholesterol 
value (p <0.05). A similar trend was observed for hy- 
, pertension, although i it was not significant. This relation 
between progression and risk factors pérsisted when the 
analysis was restricted to patients with minimal CAD 
(cholesterol, 251 + 45 vs 214 + 35 mg/dl, p <0.05; 
smoking status, 13 of 16 vs 8 of 15, p <0.10). 
Log-linear analysis (Tables III and IV): Whereas 
smoking status and cholesterol levels predicted pro- 
gression, a trend only was observed for hypertension. 
However, this may have occurred by chance and because 
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TABLE II Unlvarlate Predictors of Progression 
Progression No Progression 
(n = 19) (n = 32) p Value 
un 13 17 
Men 
Women 8 15 iis 
Smokers 16 16 «0.05 
Hypertension 8 11 NS 
Presence of minimal CAD 16 15 <0.01 
(ist angiogram) 
Angina at rest _ 15 24 NS PA 
2nd catheterization) 
Progresslon in angina 5 8 NS 
functional class 
Interim myocardial infarction 2 3 NS 
New akinesia 3 2 NS 
Occlusion (2nd anglogram) 2 3 NS 
Interval between the studies (mo)! 51+ 27 524 24. NS 
Age (yr 52 + 46+9 <0.01 
Total cholesterol (mg/dl)+ 250 + 42 216 + 48 «0.05 
No. of risk factors* t 1.6 + 0.7 10.9 <0.01 
No. of diseased segmentstt 2.1 + 1.6 0.8 + 0.9 <0.001 
* Hypertension, smoking status and = 250 mg/dl cholesterolemla. . 
t In a 15-segment coding system. + Values are mean + standard deviation. 
CAD 7 coronary artery disease; NS = not slgnificant. 
TABLE Ili Chances of Progression by Extent Score and TABLE IV Progression by Number of Diseased Segments 
Number of Risk Factors In 51 Patients and Number of Risk Factors: Log-Linear ` 
. Analysis of the Data from Table Ill 
. No. of Diseased oe : - - 
MGE XUL ea CN No. and Model Terms x? df p Value ` 
' No. of Risk Factors! 0 1 22. DT 
— - ()PHR+S 22.64 12 0.03 
0 0/7 0/2 1/1 (2) P*R 7.71 2 0.02 
"E i 1/9 3/7 2/6 3)P*S 7.64 2 0.02 
22 2/4 2/4 8/11 4)R*S 7.88 4 0.09 
(5) P*S + P*R 7.28° 8 0.5 
* Ina 15-segment coding system. 
t Risk factors considered here are smoking status, a 2250 mg/dl P= progression: R = number of risk factors; S = number of diseased 


segments; * = defines an interaction. 
Model 1 contains only main effects and does not 
ceptable descriptlon of the data (p <0.05). From the 


ovlde an ac- 
first-order In- 


_ teraction terms, 2 (P*R and P*S) are significant. by the marginal-as- 


sociation tests. They are Included in model 5, which provides a váluable 
description of the data. l 


hypertension was one of the major risk factors in the 
large scale Framingham study,”3 we elected to count it 


- in our analysis with the 2 other lifestyle- related risk 


factors. The odds for progression increased with both 
the number of diseased segments and the number of risk 
factors (Table m). Despite the small number of pà- 
tients, the log-linear analysis (Table IV) confirmed the 
significance of the interactions between progression and 
number of diseased segments and between progression 
and number of risk factors (p «0.08). | 

Logistic regression (Table V): By E 
logistic regression, number of diseased segments (p = 
0.001), age (p <0.01), smoking status (p <0.05) and 
cholesterol level (p <0.05) remained significant: pre- 
dictors of progression. Using equation 1 and the coef- 
ficients a and bi from Table V, we computed for each 
patient a probability of progression. When these . 
probabilities were plotted against the true percentage - 
of progression (Fig. 1), the whole population could be 
separated in 3 groups: patients with less than a 0.13 
probability of progression were at very low chances of 
progression (0 of 18 in this study). Patients with a 0.13. 
to 0.76 probability constituted an intermediate group 
(9 of 23). All 10 patients with a greater than 0.76 prob- 
ability showed progression of CAD (high-risk group). 


TABLE V Multivarlate Logistic Regression 


x? p Value 
No. of diseased segments * 10.88 0.001 
Age 9.34 «0.01 
Smoking status! 4.99 «0.05 
^-^ Cholesterol level 4.53 «0.05 
b Constant a 
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Difference 
Odds 95% CL for Assoclated 
bi Ratio Odds Ratio — with Odds Ratio 
1.059 8.31 1.80—38.3 2vsO 
0.165 5.20 1.40—19.3 60 vs 50 years 
0.954 6.73 1.13—40. 1 Smokers 
vs 

nonsmokers 

0.019 2.58 1.05-6.68 250 vs 200 mg/dl 


— 14.89 


* Ina 15-segment coding system. t Scored (+1) for current smokers and (— 1) for other patlents. 


CL = confidence limits. 


Thus, the reliability of the computer probability of pro- 
gression was good as judged from the present data set. 


Discussion 


In this investigation, the clinical and angiographic 
data of 51 patients with normal or minimally diseased 
coronary arteries who underwent catheterization twice 
were analyzed. Progression of the coronary lesions was 
independent of the interval between the 2 studies and 
of the clinical evolution, but correlated with the initial 
angiographic extent of the disease and with risk factors. 
This study thus provides angiographic evidence of a 
relation between risk factors and early development of 
coronary artery lesions; this point is of pathophysiologic 
relevance and may help discriminate patients at low or 
high risk of progression. 

Repeat catheterization in patients with normal 
or minimally diseased coronary arteries: Previous 
reports have shown that in adults with normal coronary 
arteries, CAD rarely develops and that patients with 
minimal CAD are more prone to have progression of 
CAD (Table VI), in accordance with the excellent 
prognosis of patients with angina pectoris and normal 
coronary arteries?996 and the slightly impaired prog- 
nosis in patients with minimal CAD.® However, these 
patients often remain symptomatic and often undergo 
recatheterization? to verify if progression could explain 
the discomfort. Our study provides clues for the indi- 
cations of such repeat catheterizations. In this group of 
patients, progression was unrelated to the time elapsed 
between the 2 angiograms; although this lack of relation 
could have been fostered by the timing of the second 
study, in more symptomatic patients undergoirig 
catheterization earlier, progression was also unrelated 
to symptoms and to clinical evolution. Patients with a 
high extent score and numerous risk factors were at high 
risk of progression; conversely, patients with normal 
coronary arteries and no risk factors were at very low 
risk. | 

Risk factors and progression of coronary artery 
disease: Risk factors accurately predict the appearance 
of CAD in a general population?? or in young women 
referred for coronary arteriography.^ They rather 
weakly correlated with the extent of CAD in the CASS 
registry.“ Risk factors did not predict the evolution of 
the coronary artery lesions in patients with at least 1 
stenosis of 50% or greater luminal diameter who un- 
derwent repeat catheterization in our!’ and other?26 
institutions. In our parallel study of patients with ste- 


TABLE VI Anglographic Repeat Studies in Patients with 
Normal or Minimally Diseased Coronary 


Vessels 
Mean No. of Pts 
Reference No. of interval with 
Year (ist au.) Pts (yr) Progression 
Normal Coronary Vessels 
1972 GensinI*3 20 2.2 1/20 
1973 Bemiller? 7 4.5 0/7 
1973 Bruschko? 6 4.3 2/6 
1978 Marchandise?® 22 4.5 0/22 
1980 Proudfit® 13 ~10 6/13 
1981 Kimbiris?* 12 2.7 0/12 
Present study 20 4.5 3/20 
Minimal Coronary Artery Disease (<49% stenosis) 
1973 Bruschke® 14 3.9 9/14 
1978 Marchandise !? 26 3.0 7/28 
1980 Proudfit* 26 7-10 17/268 
Present study 31 4.4 16/31 


nosis of at least 50% luminal diameter studied during 
the same period and using the same method, risk factors 
were not predictors of overall progression!! and of 
progression in segments with initially less than 50% 
stenosis. Conversely, in this smaller series of 51 patients 
with normal or <50% stenosed coronary arteries, risk 
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FIGURE 1. Observed vs computed probability of progression. Patients 
are separated Into 3 groups on the basis of the computed probability 
of progression (<0.13, 0.13 to 0.76 and >0.76). The black sections 
of the bars represent progression and the open sections its absence. 
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factors. were highly predictive. This finding reinforced 
by the observation that progression was unrelated to 
time and suggests that risk factors are strongly impli- 
. cated in the initiation of CAD and are less important in 
its later stages of development. This may account for the 
disappointing results of secondary risk factor inter- 
vention trials.’ If confirmed, this hypothesis would 
suggest that risk factor interventions should be per- 
. formed in the general population rather than in patients 
with CAD; this may have important implications 
in preventive medicine. To date, correction of risk 
factors in patients with minimal CAD is strongly 
advisable. 

Angiographic extent and progression of coronary 
artery disease: In this study, the count of the less than 
. 50% stenosis in a 15-segment coding system was, by 
univariate and multivariate analysis, strongly related 
to a progressive CAD. Similar results were found in the 
patients with more severe (250%) stenosis studied 

during the same period.!! In a series of 60 patients with 
 l-vessel disease (250% stenosis), Bruschke et al? 
showed that the count of the 2596 or more stenosis in a 
32-segment system was predictive of progression. The 
optimal definition and pathophysiologic relevance of 
such extent scores remain to be established. Clearly, 
however, they are markers of progressive CAD. 

Limitations of this study: Assessment of risk factors 
in this study was limited to data available in the pa- 
. tient’s files. The role of other risk factors, such as HDL 

cholesterol, in progression of minimal CAD remains to 
be established. The role of noninvasive testing for 
reassessment of such patients could also be of interest,” 
but exercise tests were not systematically performed in 
our cohort. The visual appraisal of CAD may be also 
criticized, considering the possibilities of computer- 
assisted coronary artery analysis. 29 However, a con- 
" gervative definition of progression was selected that 
agreed with the known accuracy of the method.!68° 
Also, in this study, occlusion was not considered as 
progression, because it can be sudden and does not share 
the same pathophysiologic significance as progres- 
sion.1118,31 Our population was selected on a clinical basis 
and may not be representative of the general population 
and of patients with minimal CAD. Extrapolation of our 
results to some particular subsets of patients should be 
made with caution. Whether the significance of risk 
factors would persist in a pure series of asymptomatic 
patients who underwent catheterization twice remains 
_to be confirmed. Also, the possible link between variant 
angina and progression of CAD?? could not be investi- 
gated here because variant angina was present in only 
3 of the 51 patients. Finally, the models built up in the 
present study were based on a limited number of cases; 
they need to be validated by a new and larger set of 
data.1? 
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| Efficacy of Carvedilol (BM14,190), A New 
«,  Beta-Blocking Drug with Vasodilating Properties, 
in Exercise-Induced Ischemia 


JUAN CARLOS KASKI, MD, LUIS RODRIGUEZ-PLAZA, MD, JOHN BROWN, MA, MRCP, 
| and ATTILIO MASERI, MD 


i 


The exercise response to a single oral dose (25 mg) 
of a new ĝ-biocking agent that also has potent 
vasodilating properties, carvedilol (BM14,190), was 
assessed In 15 patients with stable exertional an- 
gina, positive exercise test responses (21 mm of 
ST depression) and coronary artery disease. A 
single-blind, placebo-controlled, randomized, 

crossover design was used. Compared with placebo, 
25 mg of carvedilol significantly reduced both heart 
rate (HR) and blood pressure (BP) at rest (p <0.01). 

After administration of carvedilol, 10 of 15 patients 
did not have angina at peak exercise (p <0.01) and 
5 had ST shifts of less than 1mm (p <0.05). Total 
exercise time and time to 1 mm of ST depression 
were prolonged and ST-segment depression at peak 
exercise was significantly reduced (p «0.01). 


Systolic BP was reduced both at peak exercise and 
at 1 mm of ST depression (p <0.05), whereas mean 
HR at peak exercise did not change significantly 
compared with placebo. Overall, mean HR-BP 
product at peak exercise was significantly reduced 
by carvedilol compared with placebo (p « 0.05). 
However, 4 patients actually achleved a hlgher 
HR-BP product but did not have angina and had less 
ST depression (or no ST-segment shifts) at peak 
exercise. This indicates an increase In their coronary 
flow reserve. These results suggest that carvedilol 
is effective therapy for effort-induced angina, and 
this may be related to its combined 6-blocking and 
potent vasodilatory properties. 


(Am J Cardiol 1985;56:35-40) 





Beta-adrenergic receptor blocking drugs are effective 
in the management of exercise-induced myocardial 
ischemia, and this effectiveness can be attributed 
to their negative chronotropic and negative inotropic 
effects. A 

Anli increase in heart rate (HR) is considered to be the 
most important determinant of myocardial ischemia in 
patients with effort angina. However, recent reports 
suggest that in patients with stable angina, many epi- 
sodes of transient ischemia are caused not by an increase 
of myocardial oxygen demand (MVO») but by a tran- 
sient impairment of coronary blood flow.5-9 A drug able 
to decrease both vasomotor tone and MVO: may 
therefore have advantages in the treatment of chronic 
stable anga: Carvedilol (BM14,190) (Fig. 1), 1- 
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(Carbazolyl-(4)-oxy)-3-(2-methoxyphenoxy ethyl)- 
amino)-propranol-(2), is a new -adrenoceptor antag- 
onist, structurally similar to the 8-blocker carazolol. A 
2-methoxy-phenyl-ethyl residue at the aliphatic ni- 
trogen gives BM14,190, vasodilating properties. In ex- 
perimental studies, carvedilol has been shown to be both 
a potent nonselective B blocker without partial agonist 
activity and a vasodilator.2-1? Clinical studies have 
confirmed these properties,!? and this drug has been 
shown to be effective as an antihypertensive agent.1* 
The present study reports the therapeutic results of 
carvedilol in patients with effort-induced angina. 


Methods 


Patients: We studied 15 patients (14 men, 1 woman), aged 
40 to 68 years (mean 56), with chronic, stable, effort-induced 
angina. Ten had had a previous myocardial infarction. All had 
a positive treadmill exercise test (Z1 mm horizontal or 
downsloping S'T-segment depression) and angina developed 

in all cases during this test. Every patient had significant 
coronary artery disease (270% diameter reduction of at least 
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38 
TABLE! Patient Characteristics 
96 Diameter Reduction of 
Onset of Coronary Arteries 
Age (yr) Angina Previous LV 
Case & Sex (yr) MI LAD LC Right Functlon 

1 58M 1 l 90 95 100 l 

2 50M 10 | 80 90 90 Good 

3 63M 7 A 90 70 Good 

4 68F 3 | 70 100 1 

5 45M 6 | 70 90 100 Good 

6 46M 3 I-A 75 100 Good S 

7 68M 3 0 90 70 100 Good 

8 40M 4 A 100 80 i 

9 68M 18 | 80 80 100 Good 
10 67M 8 0 95 100 100 | 
11 52M 10 | 90 Good 
12 48M 2 0 100 Good 
13 58M 2 | 70 100 Good 
14 56M 1 0 75 Good 
15 51M 8 0 80 100 Good 





A = anterlor; | = Inferior; LAD = 
MI = myocardlal Infarction; 0 = not present; 


1 major coronary vessel) as documented at angiography; 6 
patients had 3-vessel disease, 6 had 2-vessel disease and 3 had 
1-vessel disease. Individual clinical and angiographic data are 
summarized in Table I. 

No patient had arrhythmias, systemic hypertension, cardiac 
failure, recent myocardial infarction (within 12 weeks), con- 
duction disturbances or repolarization abnormalities inter- 


- fering with the interpretation of ST-segment changes. No 





AL 


patient was taking digitalis or diuretics before study entry. 
Study protocol (Fig. 2): The study was performed over a 
period of 3 weeks using a single-blind, randomized, crossover 


design. During the first week patients received no therapy 


apart from sublingual nitrates. Then, 2 contro! exercise tests 
on no therapy were done at the beginning and end of the sec- 
ond week. During the third week patients were studied after 
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FIGURE 1. Molecular structure of carvedilol. 
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carvedilol or placebo as shown in Figure 2. Patients were kept 
in a semisupine position for 1 hour to obtain stable basal HR 
and blood pressure (BP) recordings before drug administra- 
tion. Either 25 mg of carvedilol or placebo was then given in 
random order. As carvedilol is known to reach peak plasma 
levels and maximal hemodynamic effects within 90 minutes,!3 
HR was continuously monitored and BP checked at 10-minute 
intervals over a further 1.5-hour period. 

Exercise testing: All treadmill exercise tests were maximal, 
symptom-limited and were performed using the modified 
Bruce protocol.!® A 12-lead electrocardiogram (ECG) and BP 
were taken at 1-minute intervals and 3 ECG leads were con- 
tinuously monitored and recorded throughout the test. 

À computerized system (CASE, Marquette) was used for 
recording and analysis of ECG-derived parameters. HR and 
ST-segment depression at rest as well as during exercise and 
recovery period were derived from the computer printouts. 
Time, HR, BP and HR-BP product at both 1 mm of ST-seg- 
ment depression and at peak exercise, as well as at maximal 
ST depression, were analyzed. 

Statistical analysis: Data are presented as mean + stan- 
dard deviation. Differences between subsets of patients 
were analyzed by McNemar's test. Paired £ tests were used 
to assess differences in HR and BP values in the preexercise 
period, during control, and after carvedilol administration. 
Control, placebo and carvedilol stress-testing values were 
compared by Wilcoxon's test. A p value <0.05 was considered 
gignificant. 
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FIGURE 2. Study protocol. Actlve — 25 mg of car- 
vedilol. 
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TABLE il Exercise Testing 
1 mm ST Depression 
HR-BP 
Time HR BP Product 
(min) (beats/min) (mm/hg) (1073) 
Control 1 7.8 112 167 18 
+4 + 16 + 26 + 4 
Control 2 9.5 110 166 18 
+4 E19 +17 +3 
FRgebo 9.5 114 162 18 
| +3 + 14 + 23 +3 
Carvedilol 11.7 116 150 17 
+4 +19 + 16 +4 
p value <0.01 =0.9 <0.05 =0.05 
(carvedilol 
vs placebo) 


Values are mean + standard deviation. 


Peak Exercise 
HR-BP 
Time HR BP Product STi 
(min) (beats/min) (mm/hg) (1073) (mm) 
10.5 127 176 22 —1.9 
+ 4 + 24 + 32 +6 + 0.7 
12.0 131 176 23 — 1.8 
+21 + 28 +5 + 0.8 
11.7 129 167 22 —1.7 
+ 4 + 22 + 25 +5 + 0.6 
12.8 122 195 19 — 1.2 
+ 4 + 19 + 15 + 4 + 0.7 
<0.05 =0,1 <0.05 <0.05 <0.01 


BP = systolic blood pressure; HR = heart rate; ST| — ST-segment depression. 


Results 


Control exercise tests vs placebo: Mean values are 
summarized in Table II and individual data in Fig- 
ure 3. 

All patients had angina and 1 mm or more of ST de- 
pression during control exercise testing and during 
placebo administration (Fig. 4). Time to 1 mm of ST 
depression and exercise duration were longer in the 
second control exercise test than the first (p = 0.05), but 


| ST Depression Exercise Duration 
(a) m (b) — (mim) 
3.5 
3. 0 poe 
"n 16 
2.0 12 
1.5 ] 
1.0 
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0.0 0 

! Control Control Placebo Control Control Placebo 
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HR x BP 
(c) (bpm. mmHg. 10 3) 
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FIGURE 3. Individual variation in exercise response. Exercise duration, 


heart rate—-blood pressure (HR-BP) product and ST-segment depression 
at peak exercise, during first and second control exercise tests with 
no medication and exercise test during placebo treatment. 


the second control test and that during placebo did not 
differ significantly in terms of total duration or time to 
1 mm of ST depression (Table II). HR, BP and HR-BP 
product at 1 mm of ST depression and at peak exercise 
were similar during both control and placebo exercise 
testing. Accordingly, no difference was found in the 
magnitude of ST depression at peak exercise. Individual 
variations are shown in Figure 3. 

Carvedilol vs placebo: Heart rate and blood pres- 
sure at rest before exercise: After carvedilol adminis- 
tration (60 to 90 minutes), basal BP decreased in 13 
patients and did not change in 2. Mean BP values were 
significantly reduced compared with placebo (134 x 18 
vs 113 + 11 mm Hg, respectively, p <0.01). Mean HR 
also decreased after carvedilol (67 + 7 beats/min) 
compared with placebo (80 + 9 beats/min, p <0.01). 

Exercise testing (Table II): All 15 patients had 1 mm 
or more of S'T depression and progressive angina during 
control and placebo stress tests. Ten of the 15 did not 
have angina during carvedilol treatment (p «0.01) (Fig. 
4); of these, 5 had a negative exercise test response (less 
than 1 mm of ST-segment depression) and 5 had at least 
0.5 mm less S'T-segment depression at peak exercise. 


p«0.01 
15 
= 10 
E. 
© 
Bv =} | 
= © o 
= = 
C [e] 
C2 C2 
0 





FIGURE 4. Number of patients with exercise-Induced angina during 
controls 1 and 2 and placebo and carvedilol administration. 
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' Exercise duration: Both exercise duration and time: 


to 1 mm of ST depression were prolonged by carvedilol 

(p «0.05 and p «0.01, respectively) (Fig. 5, Table IT). 
- Mean maximal workload achieved during placebo ad- 
. ministration was 6.5 METs; it increased up to 10 METs 
‘after carvedilol therapy (p <0.05). Ten patients (67%) 
increased their total exercise time (Fig. 6). This pro- 
. longed exercise duration was associated with no angina 
_in these 10 patients and with a reduction in the magni- 
. tude of the ST depression at peak exercise in 8 of them. 
Of 14 patients who had similar or greater exercise du- 
. ration during carvedilol treatment, 10 had less peak ST 
- depression (20.5 mm reduction), and of these, 6 had a 
negative exercise test response. One patient (no. 7) had 
angina, similar peak ST depression and a reduced ex- 
 ercise duration, compared with placebo. The pattern of 
. his angina changed spontaneously, becoming unstable 
and requiring coronary bypass surgery. 

ST-segment depression at peak exercise (Fig. 7): 
- The magnitude of ST-segment depression at maximal 
exercise was reduced by carvedilol (p «0.01). Average 
peak ST depression was —1.9 mm and —1.8 mm during 
control 1 and 2, respectively, and —1.7 mm during pla- 
cebo and —1.2 mm after carvedilol administration 
. (Table II). 
^A Five patients had less than 1 mm of ST-segment 
. change and no angina during carvedilol therapy (p 
" <0.05). Of the 15 patients, 10 (67%) had less ST-seg- 
ment depression (20.5-mm reduction) and were also 
- pain free at peak exercise. 

After carvedilol, 4 patients achieved a higher HR and 
HR-BP product at peak exercise, with no angina and 
: less ST depression (Fig. 7). 

Two patients had more ST depression at peak exer- 

: cise on carvedilol than on placebo. This was associated 
. with a prolonged exercise duration (longer than 2 min- 
utes) and a higher HR-BP product. 

Determinants of myocardial oxygen consump- 
tion—heart rate, blood pressure and rate-pressure 
- product: Compared with placebo, mean HR both at 
peak exercise and at 1 mm of ST depression was un- 
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changed after carvedilol administration (129 + 22 vs 122 
+ 19 and 114 + 14 vs 116 + 15 beats/min, respectively) 
(Table ID. Systolic BP was significantly reduced by 
carvedilol both at peak exercise and at 1 mm of ST de- 
pression (Fig. 8): 162 + 23 vs 150 + 16 mm Hg and 167 
+ 25 vs 155 + 15 mm Hg, respectively (p <0.05). During 
carvedilol therapy, 9 of 15 patients had similar or higher 
HR at peak exercise, and 6 of these had no angina and 
exhibited a marked reduction in ST depression. 

Mean peak HR-BP product was reduced: 22 + 
19 + 4 compared with placebo (p <0.05). 

Four patients achieved higher levels of HR-BP 
product at peak exercise with less ischemic changes in 
the ECG (Fig. 7). 


Discussion 


Antianginal efficacy: After carvedilol, 10 of 15 pa- 
tients did not have angina and had either a negative 
exercise test response (less than 1 mm of ST depression) 
or less ST depression. Mean ST-segment depression at 
peak exercise was significantly reduced and both exer- 
cise duration and time to 1 mm of ST depression were 
prolonged. This indicates that carvedilol is effective in 


'preventing or reducing exercise-induced ischemia. 


Although no specific attempt was made to investigate 
its mechanism of action, our results suggest that both 
a reduction in determinants of MVO» and an increase 
in coronary flow reserve are responsible for the anti- 
anginal efficacy of carvedilol. 

Effects on determinants of myocardial oxygen 
consumption: A single oral dose of this new nonselec- 
tive -adrenergic antagonist?-1! caused a significant 
reduction of HR at rest despite the concomitant de- 
crease in BP, consistent with its 6-blocking properties. 
However, the reduction of HR at peak exercise pro- 
duced by carvedilol did not reach statistical significance. 
This probably reflects that the dose of carvedilol used 
was too small!? to overcome the combined action of 
vagal withdrawal, vasodilation-related tachycardia and 
the significantly greater sympathetic activation of ex- 
ercise. 


Fxercise Duration 


p«0.05 
l[ | 


FIGURE 5. Duration of exercise (right) and time to 1 mm 
of ST-segment depression (left) during controls 1 and 2 
and placebo and carvedilol administration. 





Vasodilating action: Compared with placebo, sys- 
tolic BP was reduced both at rest and through exercise, 
consistent with the vasodilatory effect of carvedilol. 

Mean HR-BP product, a major determinant of MVO», 
was reduced during exercise. This reduction was mainly 
the result of a decrease in BP. Although 0 blockade may 
have contributed to some extent, the magnitude of 
change in BP suggests that systemic vasodilation was 
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FIGURE 6. Left, exercise duration during carvedilol treatment compared 
with placebo. (In this panel only, open circles represent no angina during 
exercise test.) Solid circles indicate angina; dotted lines indicate less 
than 1 mm of ST-segment depression (negative exercise test). Right, 
time to 1 mm of ST depression during Carvedilol treatment compared 
with placebo. In the 5 patients who did not reach 1 mm of ST depression 
after carvedilol treatment, total exercise duration was plotted. 
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an important component in the action of carvedilo 
Further support for this interpretation is provided by th 
observation that only 2 patients failed to reduce BP ¢ 
rest after carvedilol administration, and both subst 
quently showed no improvement in exercise capacity 

The mechanism of the vasodilatory action of cal 
vedilol is still under investigation. This drug has ní 
shown intrinsic sympathomimetic activity in the re 
serpine-treated rat!? and it is unlikely that a antag« 
nism plays an important role, because carvedilol hé 





Placebo Carvedilol 


FIGURE 7. ST-segment depression at peak exercise during carvedil 
treatment compared with placebo. Bold lines represent patients wl 
had less ST depression despite having achieved higher levels of he: 
rate—blood pressure product. Solid circles indicate angina; open circi 
indicate no angina. 
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ie.!! It has no significant effect on ganglionic trans- 
sion in the cat nictitating membrane, and calcium 
nnel antagonism has been identified,!! but only after 
ssive doses of carvedilol. 

"ure arterial vasodilators are not effective in treat- 
at of stable angina pectoris. Carvedilol has been 
wn to exert vasodilatation of both systemic arteries 
| veins.!6 Therefore, a reduction in preload might 
'e also contributed to its antianginal effects. 
mproved coronary flow reserve: If we consider the 
an values for the whole group, it appears to be the 
uction in MVO)» after carvedilol administration that 
esponsible for the improvement in exercise perfor- 
nce and for the reduction in the magnitude of ST 
iression at peak exercise. 

Iowever, despite attaining higher levels of HR-BP 
duct, 4 patients had either a negative exercise test 
ponse or less ST depression at peak exercise and no 
ina after carvedilol. This suggests that the drug in- 
ased the coronary flow reserve in those patients. In 
mal studies, carvedilol has been shown to dilate 
onary arteries.!6 Therefore, improved coronary re- 
re mediated by coronary vasodilatation may explain 
y some of our patients had less symptomatic and 
'trocardiographic evidence of ischemia in spite of a 
her HR-BP product at peak exercise. 

n conclusion, our results suggests that carvedilol is 
‘ctive in preventing effort-induced angina, and in 
»roving both exercise-related ischemia and exercise 
rance in stable angina patients. The mechanisms 
olved appear to be -adrenergic receptor blockade, 
| both systemic and coronary vasodilatation. 
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A BETA-BLOCKER THAT 
PERMITS SINGLE AGENT 
THERAPY WITHOUT 
COMPLICATIONS. 
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ACEBUIOLOL: HG 
FOR HYPERTENSION 








4/ONG-TERM CONTROL, 
USUALLY WITHOUT 
ADDING OTHER AGENTS 


tart with one 400 mg capsule once daily. A decade of use in Europe and extensive 
nulticenter trials in the United States! have shown that 400 mg will restore normoten- 
ion or produce a diastolic reduction of at least 10 mm Hg in 40% to 55% of patients. 
Joubling the initial starting dose — to 800 mg daily — may be expected to produce 
his level of control in an additional 19% to 37% of patients. In occasional patients, 
wice-daily dosage may be required for adequate 24-hour blood pressure control. 


SINGLE AGENT CONTROL 
MITH MINIMAL DEPRESSION 
)F HEART RATE 


teduction of resting heart rate is minimal with SECTRAL, usually resulting in rates 
f 62 bpm to 65 bpm. 

uven at 800 mg/day the incidence of bradycar D ais very low. Doses above 800 mg 
hould be avoided in elderly patients. Rerne 1. Data on file, Medical Department, Ives Laboratories, New York 


SINGLE ACENT THER APY 


INC VV AI NOL A LAN 


CAIRDIOSELECTIVE 






ACEBUIOLOL HC 
FOR HYPERTENSION 





~ THIS COMBINATION OF 
PROPERTIES: 


Relatively low incidence of unacceptable CNS side effects. In over 1,000 patients 
treated with SECTRAL, the incidence of fatigue, lethargy, and tiredness was only 
11%; impotence only 2%: ; and depression 2%, 


Minimal depression of heart rate for a very low incidence of bradycardia. 


Unsurpassed control of mild to moderate hypertension usually without adding 
other agents. 


Once-daily dosage in hypertension. 


Relatively cardioselective at recommended doses for hypertension, resulting in less 
bronchoconstriction and an incidence of cold extremities of only two patients 
per thousand. 


Hydrophilic 


Please see last page for brief summary of prescribing information. 
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SINGLE AGENT 
THERAPY WITHOUT 
COMPLICATIONS. 





ACEBUTOLOL: HCI 


RAINDICATIONS: SECTRAL is contraindicated bed tpe i severe bradycardia; 2) 
- and third-degree heart block; 3) overt cardiac failure; 4) cardiogenic shock. 


irnings) 
IINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the cir- 
nin individuals with diminished myocardial contractility, and its inhibition by B-adrenergic re- 
blockade may precipitate more severe failure. Although B-blockers should be avoided in overt 
failure, SECTRAL can be used with caution in patients with a history of heart failure who are 
led with digitalis and/or diuretics. Both digitalis and SECTRAL impair AV conduction. If car- 
ilure persists, therapy with SECTRAL should be withdrawn. 
[ENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral valve 
: or compromised left ventricular function, continued depression of the myocardium with B- 
agents over a period of time may lead to cardiac failure. At the first signs of failure, patients 
be digitalized and/or be given a diuretic and the response observed closely. If cardiac failure 
ies despite adequate digitalization and/or diuretic, SECTRAL therapy should be withdrawn. 
"RBATION OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT WIT HDRAWAL: Following 
cessation of therapy with certain B-blocking agents in patients with coronary artery disease, ex- 
ion of angina pectoris and, in some cases, myocardial infarction and death have been reported. 
re, such patients should be cautioned against interruption of therapy without a physician's ad- 
iven in the absence of overt ischemic heart disease, when discontinuation of SECTRAL is 
d, the patient should be carefully observed, and should be advised to limit physical activity to a 
im while SECTRAL is gradually withdrawn over a period of about two weeks. (If therapy with an 
tive B-blocker is desired, the patient may be transferred directly to comparable doses of another 
‘ithout interruption of B-blocking therapy). If an exacerbation of angina pectoris occurs, anti- 
| me should be restarted immediately in full doses and the patient hospitalized until his con- 
stabilizes. 
HERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and can 
tate or aggravate the symptoms of arterial insufficiency in patients with peripheral or mesenteric 
ir disease. Caution should be exercised with such patients and they should be observed closely 
lence of progression of arterial obstruction. 
“HOSPAST c DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GEN- 
. NOT RECEIVE A g-BLOCKER. Because of its relative B)-selectivity, however, low doses of 
L may be used with caution in patients with bronchospastic disease who do not respond to, or 
nnot tolerate, alternative treatment. Since B;-selectivity is not absolute and is dose-dependent, 
est possible dose of SECTRAL should be used initially, preferably in divided doses to avoid the 
plasma levels associated with the longer dose-interval. A bronchodilator, such as a theophylline 
-stimulant, should be made available in advance with instructions concerning its use. 
[HESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B-blocking 
y prior to major surgery is controversial. B-adrenergic receptor blockade impairs the ability of 
irt to respond to B-adrenergically mediated reflex stimuli. While this might be of benefit in pre- 
rarrhythmic response, the risk of excessive myocardial depression during general anesthesia may 
anced and difficulty in re-starting and maintaining the heart beat has been reported with beta- 
rs. If treatment is continued, particular care should be taken when using anesthetic agents which 
s the myocardium, such as ether, cyclopropane and trichlorethylene, and it is prudent to use the 
possible dose of SECTRAL. SECTRAL, like other B-blockers, is a competitive inhibitor of B- 
or agonists and its effect on the heart can be reversed by cautious administration of such agents 
obutamine or isoproterenol — see OVERDOSE). Manifestations of excessive vagal tone (e.g. pro- 
bradycardia, hypotension) may be corrected with atropine 1-3 mg i.v. in divided doses. 
s AND HYPOGLYCEMIA: B-blockers may potentiate insulin-induced hypoglycemia and 
ome of its manifestations such as tachycardia; however, dizziness and sweating are usually not 
cantly affected. Diabetic patients should be warned of the possibility of masked hypoglycemia. 
ICOSIS: B-adrenergic blockade may mask certain clinical signs (tachycardia) of hyperthy- 
n. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, patients sus- 
| A + Shai thyrotoxicosis from whom SECTRAL therapy is to be withdrawn should be 
red closely. 
?AUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
ents with renal insufficiency have not been performed in the U.S. Foreign published experience 
that acebutolol has been used successfully in chronic renal insufficiency. Kcebutolol is excreted 
h the G.I. tract, but the active metabolite, diacetolol, is eliminated predominantly by the kidney. 
isa linear relationship between renal clearance of diacetolol and creatinine clearance. Therefore, 
ily dose of acebutolol should be reduced by 50% when the creatinine clearance is less than 50 
1 and by 75% when it is less than 25 ml/min. SECTRAL should be used cautiously in patients 


Mea hepatic function. 
‘TRAL has been used successfully and without problems in elderly patients in the U.S. clinical 


without specific adjustment of dosage. However, elderly patients may require lower maintenance 
because the bioavailability of both SECTRAL and its metabolite are approximately doubled in 


group. 
CAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with the 
pment of antinuclear antibodies (ANA). In prospective clinical trials, patients receivin 
L had a dose dependent increase in the development of positive ANA titers and the overal 
nce was higher than that observed with pro ned. Symptoms (generally persistent arthralgias 
yalgias) related to this laboratory abnormality were infrequent (ius. than 1% with both drugs). 
yms and ANA titers were reversible upon discontinuation of treatment. 

MATION FOR PATIENTS: Patients, especially those with evidence of coronary artery disease, 
| be warned against interruption or discontinuation of SECTRAL therapy without a physician's 
rision. Although cardiac failure rarely occurs in properly selected patients, those being treated 
i-adrenergic blocking agents should be advised to consult a physician if they develop signs or 
oms suggestive of impending CHF, or unexplained respiratory symptoms. 
ents should also be warned of possible severe hypertensive reactions from concomitant use of a- 
*rgic stimulants such as the nasal decongestants commonly used in OTC cold preparations and 


drops. 

INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an additive ef- 
sen given with B-blocking agents. Patients treated with SECTRAL plus catecholamine depletors 
|, therefore, be observed closely for evidence of marked bradycardia or hypotension which may 
it as vertigo, syncope/pre-syncope, or orthostatic changfts in blood pressure without compensatory 
ardia. Exaggerated hypertensive responses have been reported from the combined use of B-ad- 
ic antagonists and a-adrenergic stimulants, including those contained in proprietary cold rem- 
ind vasoconstrictive nasal drops. Patients receiving B-blockers should be warned of this potential 
|. No significant interactions with digoxin, hydrochlarothiazide, hydralazine, sulfinpyrazone, oral 
ceptives, tolbutamide or warfarin have been observed. 

| ENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity studies in 
nd mice, employing dose levels as high as 300 mg/kg/day, which is equivalent to 15 times the 
Yum recommended (60 kg) human dose, did not indicate a carcinogenic potential for SECTRAL. 


tested at doses as high as 1800 mg/kg/day. SECTRAL and diacetolol were also shown to be devoid of 
mutagenic potential in the Ames Test. SECTRAL, administered orally to two generations of male and. 
female rats at doses of up to 240 p kg/da Iren to 12 times the maximum recommended t 
apeutic dose in (a 60 kg) man] and diacetolol, administered to two generations of male and fema s 
at doses of i to 1000 awe day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been performed with 
SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 3 times the maximum 
recommended therapeutic dose in (a 60 ke) man. Studies have also been performed in these species 
with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up to 1800 mg/kg/day in rats). 
Other than a significant elevation in postimplantation loss with 450 mg/kg/day diacetolol, a level at 
which food consumption and body weight gain was reduced in rabbit dams and a non-statistically sig- 
nificant increase in incidence of bilateral cataract in rat fetuses from dams treated with 1800 

day diacetolol, there was no evidence of harm to the fetus with either drug. There are no adequate and 
well-controlled trials in pregnant women in the U.S. ; however, studies have shown that both acebutolol 
and diacetolol cross the placenta. Because animal teratology studies are not always predictive of the 
human response, SECTRAL should be used during pregnancy only if the potential benefit justifies the 
risk to the fetus. 

Labor and Delivery: The effect of SECTRAL on labor and delivery in pregnant women is unknown. Stud- 
ies in animals have not shown any effect of SECTRAL on the usual course of labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio of 7.1 
and 12.2, respectively. Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as duration 
of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from controlled clin- 
ical trials in patients with hypertension, angina pectoris, and arrhythmia. These patients received 
SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 

TOTAL VOLUNTEERED 
AND ELICITED (U.S. STUDIES) 


SECTRAL 
(N = 1002) 
% 


Hydrochloro- 
thiazide 
(N = 178) 
%o 


Placebo 


Propranolol 
(N = 3M) 
% 


Body System/ (N = 424) 
% 


Adverse Reaction 





Cardiovascular 
Chest Pain 
dema 
Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal dreams 
Dermatologic 
Rash 
Gastrointestinal 
Constipation 
ree 
yspepsia 
Flatulence 
Nausea 
Genitourinary 
Micturition 
(frequency) 
Mescaléekelitol 
Arthralgia 
Myalgia 
Respiratory 
ough 
Dyspnea 
Rhinitis 
Special Senses 
Abnormal Vision 2 3 0 
The following selected (potentially important) side effects were seen in up to 296 of SECTRAL 
patients: 
Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous System: anxiety, hyper/hy- 
poesthesia, impotence. Dermatological: pruritus. Gastrointestinal: vomiting, abdominal pain. Geni- 
tourinary: dysuria, nocturia. Musculoskeletal: back pain, joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 
The incidence of VA, Mb n adverse effects (volunteered and solicited) according to SECTRAL dose 
is shown below. (Data from 266 hypertensive patients treated for 3 months on a constant dose.) 
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400 mg/day 800 mg/day 1200 mg/da 

Body System (N = 132) (N — 63) (N 7 71) : 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% T% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have been re- 
et other B-blocking agents and should also be considererd as potential adverse effects of 

Central Nervous System: Reversible mental depression progressing to catatonia (an acute syndrome char- 

acterized by disorientation for time and place), short-term memory loss, emotional lability, slightly 

clouded sensorium, and decreased gh yy (neuropsychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and respira- 

tory distress. 

Hematologic: Agamiony heals, non-thrombocytopenic, and thrombocytopenic purpura. 

Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous syndrome asso- 

ciated with the B-blocker practolol has not been reported with SECTRAL during investigational use and 

extensive foreign clinical experience. 

Keep at room temperature. Approximately 25°C (77°F). 
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ivery Cardiologist, Internist, Pediatri- 
ian, Surgeon — Indeed, Every Physi- 
ian — Should Have a Good Basic 
Cnowledge of The Pre-excitation Syn- 
lrome. Here Are Just a Few Reasons 
Vhy This is so Essential: 


| ^ of all pre-excitation cases are 
misdiagnosed. 

' 5% to 10% of all tachycardias in 
adults are produced by pre-excitation. 

' In % of all infants under 10 months 
of age with life-threatening tachycar- 
dias, the tachycardias are actually 
secondary to pre-excitation. 

' !^ to % of all children with pre- 
excitation have an additional heart 
disease. 


starting with Wolff, Parkinson and 
White’s classic paper, this book gives a 
'omprehensive summary of all impor- 
ant facts of pre-excitation, plus the 
iuthors' personal experiences of follow- 
ip studies on patients through many 
lecades. It also brings a broad view of 
he literature and discusses the different 
itructural and physiological aspects 
vhich form the pathomechanism of 
»yre-excitation. 


“What is offered richly in this book is 
1 methodical and comprehensive 
inalysis of virtually all currently 
tvailable knowledge on the subject. 
[his is done with an admirable even- 
handedness, dealing objectively with all 
viewpoints but at the same time 
"valuating relative strengths and 
weaknesses of each observation and 
hypothesis. There is brought a wisdom 
here which only time and experience 
"an provide. The encyclopedic 


Libi Sherf, MD, FACC 
Henry N. Neufeld, MD, FACC 
1978, 288 PAGES, 110 ILLUS., 1,000 REF. 


references alone would make the book 
invaluable to anyone seriously in- 
terested in the Wolff-Parkinson- White 
syndrome. But when knowledgeable 
discussion and personal observations 


ILINVAVLIL. LAW LƏ 


AND THEORIES 





are added, it is genuinely a monumental 


contribution to clinical cardiology and 
cardiac electrophysiology. ” 


Thomas N. James, MD 


The Mary Gertrude Waters Professor 
of Cardiology and Chairman of the 
Department of Medicine, The Uni- 
versity of Alabama in Birmingham, 
and Physician-in-Chief, University of 
Alabama Hospitals 


The 13 Chapters Are a 
Comprehensive Summary 
1. General Considerations 
2. The Electrocardiogram in the Pre- 
excitation Syndrome: Complexes 
and Configurations 
3. The Electrocardiogram in the Pre- 


excitation Syndrome: Disturbances 


of Rate and Rhythm 

4. Pathology 

5. Noninvasive Methods of Investi- 
gation 

6. Invasive Methods of Investigation 

7. Prognosis 

8. Treatment 

9. Problems of Diagnosis — Some 
Illustrative Cases 


10. Summary of Findings and Theories 


of Pre-excitation Syndrome 

11. Concept of Interacting Structural 
and Functional Factors 

12. Explanation of Some Phenomena 
of the Pre-excitation Syndrome by 
the Proposed Concept 

13. Various QRS Patterns in the 
Different Forms of Pre-excitation 


Yorke Medical Books 


AJCG5 


Box C-757, Brooklyn, New York 11205 


Please send me a copy of THE PRE-EXCITATION SYNDROME at $38.00. I may use the book for 
30 days and if not completely satisfied, return it for full credit or refund. 
O Bill me plus cost of shipping (U.S. & Canada only) 


O Payment enclosed, publisher pays for shipping 
O Charge my credit card 
O MasterCard O Visa Card No. 
Expire date 
NAME 


. ADDRESS 


CITY/STATE/ZIP 


Signature 


Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All i 


foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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J. B. Lippincott Company | 
The Health Professions Publisher of 

Harper & Row, Inc. | 
P.0. Box 1630, Hagerstown, MD 21741 


Send me for 30 days’ On-Approval Examination 

© ____ copy(ies) of How to Quickly and 
Accurately Master ECG Interpretation 
(65-08311) @ $19.75 each. 


Name 


Address 
City / State / 
Zip 
C) Payment enciosed* (save postage & handling) 
C Bill me (plus postage & handling) 
O Charge it: C MasterCard C VISA 
C American Express C CHOICE 





66-85 | 





Bonae 0866, 5. ae Sp te eee | 
*The law requires that we collect state sales taxes where 
applicable. Please include the prescribed amount with 

payment. Prices quoted in U.S. funds and subject to | 





change. Orders subject to the approval of Lippincott. 
Also available at your medical bookstore. 
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Angina 
Protection 
with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers. INDERAL LA—either alone or with a 
nitrate —is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
Proven performance and safe ty profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to IOO mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next Page for 
further details and brief summary of prescribing information. 


ONCE-DAILY 
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JUST ONCE EACH DAY 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


. INDERAL* LA brand of propranolol hydrochloride (Long Acting Capsules) 


IPTION. Inderal LA is formulated to provide a sustained release of propranolol 


- hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 





CLINICAL PHARMACOLOGY. INDERAL is à nonselective beta-adrenergic receptor 


— blocking agent possessing no other autonomic nervous system activity. It specifically com- 







"un 
i Ps a 


iv. 


MEG 
NT s 


` 


t= 


s 


. any given level of effort by blocking the catechola 


may increase oxygen requirements b 
.. pressure and systolic ejection period. 


2! adrenergic receptors have been demonstrated i 


... for the long-term mana 


hypertrophic subaortic stenosis, especiall 
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= petes with beta-adrenergic receptor stimulating agents for available receptor'sites. When 
fF . access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
“ee vasodilator responses to beta-adrenergic stimulation are Geerenset v 


" P — INDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
NEL propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
s hour period, blood levels are fairly constant for about twelve (12) hours then decline 
exponentially. 


INDERAL LA should not be considered a simple mg for mg substitute for conventional 
ropranolol and the blood levels achieved do not match (are lower than) those of two to four 


d times daily dosing with the same dose. When changing to INDERAL LA from conventional 


propranolol, à possible need for retitration upwards should be considered especially to 


SA exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
= can Man effective beta blockade for a 24-hour period. 


he mechanism of the antihypertensive effect of INDERAL has not been established. 


— Among the factors that may be involved in contributing to the antihypertensive action are (1) 
decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 
- resistance may increase initially, it readjusts to or below the pretreatment level with chronic 
use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
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been shown to cause a small increase in serum p 
treatment of hypertensive patients. 
In angina pectoris, propranolol generally redu 


systolic blood pressure, and the velocity and exte 
increasing 
he net phys 
is usually advantageous and is manifested during 


JE, INDERAL also exerts a quinidin 
i j tential. i 


Beta receptor blockade can be useful in co 


£ D; - blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
-. — Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
- activity which should be preserved in patients subject to bronchospasm. 


Propranolol is not significantly dialyzable. 
INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 


- ment of hypertension; it may be used alone or used in combination with other antihypertensive 


agents, particularly à thiazide diuretic. INDERAL LA is not indicated in the management of 
hypertensive emergencies. 

Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 
ement of patients with angina pectoris. 

Migraine: INDERAL LA is indicated for the prophylaxis of common migraine headache. 
The efficacy of propranolol in the treatment of a migraine attack that has started has not been 


established and propranolol is not indicated for such use. 
ro 


ic Subaortic Stenosis: INDERAL LA is useful in the management of 
for treatment of exertional or other stress-induced 
angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
Clinical improvement may be temporary. 
CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
bradycardia and greater than first regres block: 3) bronchial asthma; 4) congestive heart 
fee Av WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
orting circulatory function in patients with congestive heart failure, and its inhibition by beta 
lockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close foliow-up in patients 
with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


muscle. 
IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 


& - can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
-— failure, the patient should be digitalized and/or treated with diuretics, and the response 
k observed closely, or INDERAL should be discontinued (gradually, if possible). 








IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy. Therefore, when discontinugnce of INDERAL is planned the dosage 
should be gradually reduced over at least a few weeks, and the patient should be 
‘cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
| is. Since coronary artery disease may be 

unrecognized, it may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease who are given propranolol for other 
_ indications. 
Nonallergic Bronchospasm (e.g., chronic bronchitis, emper 


PATIENTS WITH BRONCHOSPA TIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should ise administered with caution since it may block bronchodila- 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking thera 
prior to major surgery is controversial. It should be noted, however, that the impaired ability 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthe: 
and surgical procedures. 

INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitoy fe 
receptor agonists and its effects can be reversed by administration of such agemts, e 
dobutamine or isoproterenol. However, such patients may be subject to protracted sev 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported v 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ; 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be m 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidi 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptc 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function te 

IN PATIENTS WITH WOLF .PARKINSON-WHITE SYNDROME, several cases have b 
reported in which, after propranolol, the tachycardia was replaced by a severe bradyca 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 
propranolol. 

PRECAUTIONS. General: Propranolol should be used with caution in patients with impa 
hepatic or renal function. INDERAL is not indicated for the treatment of hyperten: 
emergencies. 

Beta adrenoreceptor blockade can Cause reduction of intraocular pressure. Pati 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated b ood urea levels in patients with severe heart dise 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine- depleting drugs such as n 
pine should be closely observed if INDERAL is administered. The added catecholan 

locking action may produce an excessive reduction of resting sympathetic nervous ac 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthos 
hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Long-term studies in animals 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studi 
both rats and mice, employing doses Up to 150 mg/kg/day, there was no evidence of signif 

gsi od toxicity. Thee ere ng a-related tumorigenic effects at an of the do 
not show any impairment of ertility that 















NDERAL has been shown to be embryoto» 
athan the maximum recommended human t 

we kd studies in pregnant women. INDERAL st 
only if the potential benefit justifies the potential risk to the ' 
RAL is excreted in human milk. Caution should be exercised 

a nursing woman. 
j in children have not been established. 

effects have been mild and transient and 


! dare; intensification of AV block; 
- arterial insufficiency, usually 


Cen dedness; mental depression manifested by insc 
lassitude, weakness, fatigue; n le mental depression progressing to catatonia; 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientat 
time and place, short-term memory loss, emotional lability, slightly clouded sensoriun 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, dié 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with i 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocyt¢ 
purpura. 

Auto-Immune: |n extremely rare instances, systemic lupus erythematosus has 


B - 
gnancy, 
s: IND 


















sio 
d 


aynau e. 
tral Nervous System: li 


Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous re: 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (pri 


TION. INDERAL LA provides propranolol hydrochlor 
sustained-release capsule for administration once daily. If patients are switched from IN 
tablets to INDERAL LA capsules, care should be taken to assure that the desired ther. 
effect is maintained. INDERAL LA should not be considered a simple mg for mg subst 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitrati 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing | 

HYPERTENSION—Dosage must be individualized. The usual initial dosage IS 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage 
increased to 120 mg once daily or higher until adequate blood-pressure control is ac 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosag 
mg may be required. The time needed for full hypertensive response to a given dc 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS—Dosage must be individualized. Starting with 80 mg INDE 
once daily, dosage should be gradually increased at three to seven day intervals until ¢ 
response is obtained. Although individual patients may respond at any dosage le 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the vi 
safety of dosage exceeding 320 mg per day have not been established. 

if treatment is to be discontinued, reduce dosage gradually over a period of a fe 
(see WARNINGS). 

MIGRAINE—Dosage must be individualized. The initial oral dose is 80 mg INDI 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory respor 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA 
should be discontinued. It may be advisable to withdraw the drug gradually over a 
several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age grou 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Lat 
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Coronary Hemodynamic Responses During 
Spontaneous Angina in Patients With and 


Patients Without Coronary Artery Spasm 


ROBERT G. MACDONALD, MD, ROBERT L. FELDMAN, MD, JAMES A. HILL, MD, 


C. RICHARD CONTI, 


The mechanisms of spontaneous anglna were 
evaluated during cardiac catheterization in 13 pa- 
tlents who had angina occurring without provocation 
at rest. Left ventricular and systemic hemodynam- 
ics, coronary venous flows (thermodilutlon tech- 
nique), electrocardiogram and coronary anglograms 
were recorded before and during spontaneous an- 
gina. Anglography during spontaneous angina 
showed that 5 patients had coronary spasm (group 
I) and 8 patients did not (group II). In group II thére 
was a preponderance of multivessel coronary artery 
disease. Left ventricular end-diastollc pressure in- 
creased in all patlents in both groups during spon- 
taneous angina. In group I, 4 patients had transient 
ST elevation and 1 patient had peaked T waves 
during angina. Transient ST depression occurred 


Angina pectoris is believed to occur when myocardial 
oxygen demands exceed available blood supply.'-4 
Exertional angina is usually the result of an increase in 
myocardial oxygen requirements. When angina occurs 
at rest in the absence of any obvious stress (spontaneous 
angina), several mechanisms may be involved. In pa- 
tients with chest pain and reversible ST-segment ele- 
vation occurring in the absence of detectable increases 
in oxygen demand (variant angina), ischemia is usually 
attributed to a sudden and transient reduction in cor- 
onary blood flow to a particular myocardial region. 9-12 
Angiography during chest pain usually shows epicardial 
coronary artery spasm.’-!7 In contrast, in patients who 
have spontaneous angina without ST-segment eleva- 


From the Veterans Administration Medical Center and the Division of 
Cardiology, Department of Medicine, University of Florida, Galnesvilie, 
Florida. Dr. Feldman Is the reciplent of a Research Career Development 
Award 1K04 HC00741 from the National Institutes of Health, Bethesda, 
Maryland. Manuscript received March 7, 1985, accepted March 18, 
1985. 

Address for reprints: Robert L. Feldman, MD, Box J-277, Division of 
Cardiology, Department of Medicine, College of Medicine, University 
of Florida, Galnesvlile, Florida 32610. 


41 


MD, and CARL J. PEPINE, MD 


during spontaneous angina in all group lI patients. 
Group | patients had decreased coronary sinus flow 
(4 of 5 patlents) or decreased reglonal flow (5 of 5) 
during spontaneous angina. Coronary resistance and 
ratlo of double product to coronary blood flow in- 
creased In all patients. In group Il, coronary hemo- 
dynamic responses during spontaneous angina 
varled. Coronary venous flows, coronary resistance 
and ratlo of double product to coronary blood flow 
showed no uniform pattern. Thus, patients with se- 
vere coronary artery disease can have spontaneous 
angina without angiographic findings of coronary 
spasm. After analysis of anglograms and coronary 
hemodynamics In these patients, no apparent unl- 
form mechanism for spontaneous angina was 
found. (Am J Cardiol 1985;56:41-46) 


tion, the cause of ischemia is less obvious.191? Various 
hypotheses have been offered: àn increase in determi- 
nants of oxygen demand, à decrease in blood flow sec- 
ondary to transient thrombosis, 2? large-vessel coronary 
artery spasin, and changes in tone of coronary resistance 
vessels.?! 

We previously reported coronary hemodynamic 
changes occurring during spontaneous angina in pa- 
tients with variant angina.!? To define other possible 
mechanisms for spontaneous angina, we evaluated total 
and regional coronary hemodynamic values in an ad- 
ditional group of patients who had severe coronary heart 
disease (CAD) but had neither variant angina nor cor- 
onary spasm. Results from the 2 groups are compared 
in an attempt to determine the mechanisms of sponta- 
neous angina in patients in whom coronary spasm is not 
demonstrable. 


Methods 


Patients: The patients were 13 men (average age 58 years, 
range 49 to 72) with spontaneous angina during cardiac 
catheterization. They were selected from a larger group of 


more than 250 patients who had measurement of coronary 
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venous flows during evaluation of spontaneous, exertional or 
mixed chest pain syndromes. An electrocardiogram (ECG), 
left ventricular (LV) hemodynamic and regional coronary 
venous flow measurements and coronary angiograms were 
obtained during an angina-free interval and during an episode 
of spontaneous angina. Data from 4 of these patients have 
previously been reported.!° 

Catheterization procedure: All patients gave informed 
consent and underwent catheterization in a postabsorptive 

te. After systemic heparinization, a No. 8Fr Sones catheter 
dvanced from the right brachial artery to the ascending 
aorta and left ventricle where pressures were measured with 
a Statham P23Db transducer. Phasic, mean aortic and LV 
end-diastolic pressures were recorded. Two limb leads and 
chest lead V5 were monitored continuously throughout the 
procedure. 

A multithermistor catheter was inserted through an an- 
tecubital vein and advanced into the coronary sinus. The 
distal thermistor was positioned in the great cardiac vein and 
the proximal thermistor in the coronary sinus between the 
ostium and the termination of the middle cardiac veins. 
Catheter position was checked by dilute contrast injection and 
by reference to a recorded image on video disk. Use and 
evaluation of this catheter have been previously de- 
scribed. 19.22.23 

Protocol: ECG, phasic and mean aortic and LV pressures, 
and coronary sinus, great cardiac vein and indicator temper- 
ature signals were recorded during an interval when patients 
were free of angina. Electrocardiographic recordings included 
all limb leads and lead Vs. These variables were again recorded 
during spontaneous angina. No hemodynamic measurements 
were obtained after administration of nitroglycerin or within 
5 minutes of coronary angiography. During spontaneous an- 
gina, coronary angiography was begun within 15 to 30 seconds 
after completion of the hemodynamic measurements. One 

‘selected view of both the right and left coronary arteries was 
completed before pain resolved. Angiography was usually 
performed before spontaneous angina and was always re- 
peated after angina resolved. All patients received nitro- 
glycerin at some time after spontaneous angina; coronary 
angiography was repeated after nitroglycerin. LV angiography 
was performed in the right anterior oblique projection during 
an angina-free period at the end of the procedure. 

Calculations: Blood flows from the coronary sinus and 
great cardiac vein were calculated as previously described.10.72 
Pressure and flow values were obtained over a 15- to 30-second 
interval and averaged. Coronary sinus flow was considered an 
index of total coronary flow, and great cardiac vein flow an 
index of anterior LV region flow.192?-?5 Heart rate was ob- 
tained from the ECG. ST-segment deviations were measured 
in all limb leads and lead Vs during each period. The maximal 
deviation (80 ms after the J point) from the angina-free to the 
spontaneous- angina period was recorded. Only ST-segment 
shifts of 1 mm or greater were considered important. Other 
electrocardiographic changes, such as peaked T waves and 
normalization of previously inverted T waves, were also sought 
and recorded. 

Coronary resistance was calcualted by dividing mean aortic 
pressure by coronary sinus flow or great cardiac vein flow. 
Indexes of total and anterior regional myocardial demand to 
supply were obtained by dividing the product of heart rate and 
aortic systolic pressure (double product) by coronary sinus 
flow and great cardiac vein flow, respectively. 

Coronary artery stenoses were evaluated in the projection 
they appeared most severe by caliper measurement and were 
reported as percent diameter reduction. Subtotal narrowings 
in which the column of contrast was interrupted were reported 
as 99%. Dynamic coronary diameter reduction of more than 
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50% (i.e., focal or diffuse change in luminal diameter nar- 
rowing from an angina-free to a spontaneous-angina period) 
associated with spontaneous angina was considered indicative 
of coronary spasm. Changes in contrast flow distal to severe 
coronary narrowings were also sought. Coronary diameter 
narrowings of 50% or greater after nitroglycerin administra- 
tion were considered indicative of severe CAD. 

Statistical analysis: For comparative purposes 2 groups 
were identified after catheterization. Patients in group I had 
coronary spasm and those in group II did not. 

Individual values from the angina-free and the spontane- 
ous-angina periods were summarized and compared. The 
mean + standard deviation values for these periods for each 
of the 2 groups were determined. The paired t test was used 
to compare individual data from the 2 periods. Àn unpaired 
t test was used to compare data between groups I and II. Ad- 
ditionally, nonparametric data between periods or groups were 
compared using a Fischer exact test. À p value «0.05 was 
considered significant. 


Results 


Group I (coronary spasm) consisted of 5 patients and 
group II (no coronary spasm) of 8 patients. Patients in 
group I were younger than those in group IT (mean 55 
vs 66 years, p «0.05). 

Individual data, including ECG, coronary and LV 
angiographic data and hemodynamic values obtained 
during an angina-free period and during spontaneous 
angina are summarized in Tables I and II. Group data 
for the 2 periods are listed in Table III. The periods 
when data were collected (angina-free and spontaneous 
angina) were separated by 4 to 30 minutes. In 1 patient 
in group I, LV pressure could not be measured during 
spontaneous angina. 

Four patients in group I had ST elevation, and 1 pa- : 
tient had new T-wave peaking during spontaneous an- 
gina. During angina, all 8 patients in group II had ST 
depression. During angina in group I patients, repeat 
coronary angiography disclosed coronary spasm as re- 
versible total coronary occlusion was observed. No pa- 
tient in group II had either angiographic findings of 
coronary spasm or ST-segment elevation during angina 
(both p «0.01). In addition, no group II patient had any 
appreciable change in epicardial coronary artery di- 
ameter in angiographically normal or diseased regions 
during angina compared with changes during angina- 
free intervals. No coronary artery not filled by collat- 
erals during the angina-free period was filled by col- 
laterals during spontaneous angina. Compared with 
angiograms during the angina-free period, those during 
spontaneous angina showed no important delay in 
contrast flow or contrast washout. Furthermore, al- 
though nitroglycerin induced coronary dilation of an- 
giographically normal and some narrowed segments, in 
no patient was the dilation of narrowed segments more 
than 0.1 mm. Group I patients had significant CAD 
confined to 1 vessel in 2 patients and multiple vessels 
in 1. Only 1 of these patients had a vessel that filled by 
collaterals in the angina-free period, and new collaterals 
appeared in 1 other patient during spontaneous angina. 
Group II was characterized by a prevalance of severe 
CAD. During a pain-free interval there were severe 
coronary narrowings in the left anterior descending 
artery in 6 (difference not significant [NS] compared 
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| "TABLE! Individual Coronary Hembiynanle Findings Betoré and During Spontaneous Angina 
Pe 0. | + Double ` Double 
-" bee ' QCVF | Product/CSF Product/Gc 
| ` (ml/min) (ml/min). SCRE ou CRant X 1072 X 1072 
57 No No No (o T Ng "No | o ^. . No 
| l Pt.. Ang. SA Ang. SA : Ang. SA: Ang. SA Ang. SA . Ang. 
| 4. 143 ' 122 B2 72 .. 0.70 0.86. 1:22 1.46 0.64 0.75 141 
2^ 185 145 114 41 0.54 0.69 0.88 > . 2.44 0.46 0.55 0.74 
/8: — 108 67 66 46 1.06 1.27 1.74 1.85 0.83 1.18 1.36 
L4 157 173 120 87 ^. 0.57 0.68 0.75. 134° 0.48 0:55 . 0.63. 
59: 9 77 . 28 24 |. 1.15 1.43 3.86 ` 4.58 1.03 1.18: — 3.47 
i | Group | 
1  ' 108 91 78 67 0.93 0.99 128 . 134 . (0.76 0.76 1.06 
e - 136 148 54 77 0.70 0.80 44.76 1.53 0.51 0.71 1.28 
E 158 — .: 204 . 65 99 0.68 0.62. . 166. 1.28 0.54 0.58 . 131 
^4 198 255 112 146. 0.49 0.46 0.88 0.81 0.70 ° 0.67; ^ 123 
5 ‘74 69 41 42 1.12 1.23 202 2.02 1.03 1.13- 1.85 - 
6 109 - 100 57 . 63 0.83 1.10- 1.58 1.75 0.77; 140  .148 . 
0T 012 105 54: 45 0.81 0.93 185 . 2.18 0.63 0.67. 1.44 
8 112 97 '38. 54. 0.94 1.13 2.69 204  .081 ` 136.. 2.33 
= angina; CR = 


- vein f : SA = spontaneous angina, 
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| with group D and ned disease i in 7 of 8 patients 
| during the angina-free period (p «0.05). 
" values (Tables I and III): Heart rate did not change 


'" ],449» mean; group II, 72%; NS). Mean aortic pressure 


. I (6% decrease) or in group II (10% increase). Compar- 
 ison of these values between groups I and H during an- 
. gina-free and spontaneous-angina periods showed that 
' only mean aortic pressure differed; it was 14% higher i in 
- group II than in group I ou the spontaneous- angina 
period (NS). . 


p <0.05). In addition, coronary resistance increased for 
- both total and anterior LV regions in all patients (24% 


ble product to coronary sinus and great cardiac vein 
| flóws increased in all patients during spontaneous an- 
gina (2296 and 3596, respectively; both p «0.05). 
 : `> In group I coronary sinus flow responses during 
' spontaneous angina varied more than those in group 1 
(5% increase, NS). In comparison with the angina-free 
_ period, coronary sinus flow during angina decreased in 
5 and increased in 3 patients. Similarly, great cardiac 
' : vein flow responses were heterogeneous (1796 increase; 
. NS), decreasing in 2 and increasing in 6 patients. Cor- 
onary resistance values showed a more uniform re- 
sponse. Total resistance increased for the group (13%, 
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. (p <0.05). In 6 patients, vessels were filled by collaterals ` 
«Systemic and left ventricular hemodynamic 


' significantly between periods in either group I (3% in- ` 
` crease) or group II (9% increase). From the angina-free . 
'to- the spontaneous- angina period, LV end-diastolic | 
„pressure increased in all patients in both groups (group .- 


did not change significantly between periods in group: 


Coronary hemodynamics (Tables I and IID: In 
| groupI coronary sinus flow declined during the spon- : 
.. taneous-angina period i in 4 of 5 patients (15%, NS) and: 
- ‘great cardiac vein flow declined in all 5 patients (22%. 


and 38%, respectively; both p <0.05). The ratio of dou- - 


.p <0.05). In individual patients total resistance. in- . | 
| PEE coronary flow oe oo spontan 


anterior region coronary resistance; CRr = total coronary resistance; CSF = coronary sinus flow; QCVF = great c 


alence of left anterior descending disease, résistano 
the anterior LV region did not change in a consis 
fashion (696 decrease, NS). In individual patients 


' terior region resistance increased in 3, decreased 


and was unchanged in 1. In the group as a whole 
ratio of double product to coronary sinus flow ter 
to increase but was not significant (21% increas 


= <0.10). In individual patients this index increased 


decreased in 1 and was unchanged in 1. The rat: 
double product to great cardiac vein flow did not ch: 
in a consistent fashion (3% increase, NS). In indivi 
patients this index increased in 6 and decreased i 
. In group I1, the location and severity of CAD dic 
predict a particular regional coronary. hemodyn: 
response. Comparing coronary hemodynamic respo 


in groups I and II showed more consistent decreas: 


coronary sinus flow and great cardiac vein flow; n 


-tances and indexes of oxygen demand to supply \ 


more increased in group I than in group II patient 


Discussion 


In this study we classified patients with episod 
spontaneous angina into 2 groups based on angiogra 
findings. The observation that patients with coro: 
spasm had either transient ST elevation’ or T-wave p 
ing may be a function of the few patients and does 
mean that other changes cannot occur. A rang 
electrocardiographic changes during spontaneous 
gina and: coronary spasm has been. previously. d 
mented.?7,826-2$ Qur purpose, rather than to ana 
electrocardiographic changes, was to examine coro: 
hemodynamic findings in a group of patients : 


. spontaneous angina and no obvious angiographic 


dence of coronary spasm during angina and to com 
them with similar measurements in a group of pati 
with angina and documented coronary spasmi. Tc 


- ^" 
U, 


e ta ll thd A MÀ Ó—— M em mas 


Group | 


TABLE lil 
Spontaneous Anglna 
No Angina 
Heart rate (beats/min) 61107 
Ao (mm Hg) 102 + 11 
LVEDP (mm Hg) 1844 
Double pn (X 107?) 88+ 8 
a | CSF (ml/min) 137 + 37 
Yo GCVF (ml/min) 82 + 38 
, T 0.80 + 0.28 
CRant 1.69 + 12.7 
Double product/CSF 0.69 + 0.24 
Double product/GCVF 1.46 + 1.16 
* p <0.05, spontaneous angina vs no 


Abbreviations as In Tables | and ll. 


angina in such a group have not been previously 
reported. 

In this study the patients who had coronary spasm 
(group I) showed a uniform mechanism for spontaneous 
ischemia. All had global or regional decreases in LV 
blood flow and increased coronary resistance. 

The patients with spontaneous angina but no coro- 
nary spasm (group II) generally had either no change 
or only a small increase in determinants of myocardial 
oxygen demand during spontaneous angina. Coronary 
hemodynamic responses during spontaneous angina in 
this group were heterogeneous. Total and anterior re- 
gional coronary flow decreased in some patients, but 
increased or did not change in others. Although total 
coronary resistance and the ratio of double product to 
coronary sinus flow increased during angina for the 
group, there was considerable variation in individual 
patient responses. Despite the high prevalence of left 
main and anterior descending artery stenosis, anterior 
region responses also varied. 

All group II patients had transiently increased LV 
end-diastolic pressure and important ST depression 
during pain; therefore, one could conclude that the chest 
painiin these patients represented ischemia. However, 
considerable uncertainty exists regarding the mecha- 
nism of spontaneous angina in these patients. 

Close monitoring during the development of spon- 
taneous angina does not consistently show that heart 
rate and aortic pressure are increased, or it shows that 
increases are less than those during treadmill exer- 
cise-induced angina. For this reason some investigators 
believe that most episodes of spontaneous ischemia are 
related to coronary spasm. During spontaneous angina 
relative defects in myocardial perfusion have been 
demonstrated with thallium-201 imaging^? and are 
considered by many to reflect coronary spasm. Our 
observations show that redistribution, even a decrease, 
in total or regional coronary flow can occur during 
spontaneous angina in the absence of appreciable 
changes on coronary angiography. ‘Therefore, reversible 
thallium defects during spontaneous angina are not 
specific evidence for coronary spasm. 

In:many of our patients coronary flow decreased 
during spontaneous angina despite absence of coronary 
spasm. Several explanations could account for these 


— 


"modi d 
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Group Systemic and Coronary Hemodynamic Values Before and During 


Group Il 
SA No Angina SA 
6347 66 + 21 72 + 22 
96+ 11 9748 107 + 15 
26+6 15 £85 28 + 10 
88 47 88 + 22 106 + 35 
17 + 45 127 + 37 133 + 65 
04 + 28" 63 + 24 744 34 
99 + 0.34* 0.81 +0.19 — 0.911: 0.27* 
33 + 1.33* 1.72 + 0.53 1.62 + 0.47 
84 + 0.32* 0.72 0.17 0.87 X 0.29 
97 + 1.08* 1.50 + 0.41 1.54 + 0.47 


angina, mean + standard deviation. 


observations. First, coronary angiography may not have 
detected very small changes in diameter at the site of 
a “fixed stenosis.” For example, if the minimal diameter 
of a stenosis decreased from 0.20 mm to 0.15 mm, there 
could have been a clinically and hemodynamically im- 
portant response, but the change would probably not 
be detected by angiographic measurements unless 
poorer distal flow of contrast was observed. Second, 
dynamic changes in coronary resistance vessel size could 
also be involved. A third possibility is ‘‘collateral fail- 
ure"—a dynamic change in the caliber of collateral 
vessels supplying a region distal to an occluded or se- 
verely stenosed artery. The dynamic behavior of col- 
lateral vessels during transient coronary occlusion has 
already been demonstrated by angiography.”?*! Filling 
of arteries supplied by collaterals as judged angio- 
graphically was unchanged in our patients. Fourth, 
formation of platelet thrombi at the site of a severely 
stenosed artery could have transiently limited coronary 
flow in some patients. In our patients, however, neither 
transient nor persistent intraluminal filling defects were 
observed. 

For patients in whom coronary blood flow did not 
decrease during spontaneous angina, it is more difficult 
to speculate on mechanisms of ischemia. We examined 
only 2 determinants of myocardial oxygen demand, and 
the double product did increase a small amount in some 
patients. Perhaps in some other patients, small in- 
creases in unmeasured contributors of myocardial 
oxygen demand (LV volume and contractility) in the 
setting of very limited coronary flow reserve led to 
ischemia. Although increases in myocardial oxygen 
demand remain the most likely explanation for spon- 
taneous angina, a small area of hypoperfusion or altered 
transmural flow distribution could occur and not be 
appreciated by our technique. 

Several limitations of the study require comment. 
First, immediately preceding angina, heart rate and 
aortic pressure were not always recorded, and hence do 
not allow analysis of oxygen demand leading up to the 
development of spontaneous angina. These variables, 
however, were continuously monitored and no major 
changes were appreciated. Second, the temporal sepa- 
ration of the hemodynamic measurement periods and 
angiography by approximately 30 seconds raises the 


possibility that coronary spasm may have been present 
during recording of hemodynamics and resolved by the 
time of angiography. This is.unlikely because angina was 
still present during angiography. Third, although the 
ability to reproduce regional flow measurements using 
the thermodilution regional venous flow technique in 
our laboratory is good, small changes such as those ob- 
served in some of these patients are often present in 
repeated control measurements.” In this regard, we 
were careful to maintain constant catheter position 
during measurements. Fourth, sampling from the cor- 
onary sinus may miss venous drainage from the right 
coronary artery, hence inducing possible error in cases 
of inferior region ischemia.7^75 

Data from this study demonstrate several important 
points. First, we confirmed that the usual mechanism 
of spontaneous ischemia in patients with variant angina 
is decreased coronary blood flow secondary to coronary 
spasm. Second, patients without variant angina do not 
necessarily have coronary spasm as a cause of sponta- 
neous angina. Third, in patients without coronary 
spasm there does not appear to be a uniform mechanism 
for the development of spontaneous ischemia that can 
be identified through coronary angiography or hemo- 
dynamic measurements as assesed in this study. 
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Acute Hemodynamic and Electrophysiologic Effects 
ae of Propranolol in Patients Receiving Diltiazem 


CHRISTOPHER L. WOLFE, MD, GREGORY D. TILTON, MD, L. DAVID HILLIS, MD, 
| NAYER EL ASHRAM, MD, and MICHAEL D. WINNIFORD, MD 


Because the combined use of a Ü-adrenergic 
blocking agent and a caiclum antagonist may be 
beneficial in some patients with severe angina, the 
acute hemodynamic and electrophysiologic effects 
of iniravenous propranolol in the presence and ab- 
sence of oral diltiazem treatment was studied. In 22 
patients (11 men, 11 women, mean age 50 years), 
12 receiving diltlazem (mean 243 mg/day, range 
180 to 360) and 10 not receiving diltlazem, hemo- 
dynamic and electrophysiologic varlables were 
measured before and 5 minutes after Intravenous 
propranolol (0.1 mg/kg). Cardlac index (by ther- 
modilutlon) and left ventricular (LV) peak dP/dt fell 


The calcium antagonist diltiazem is efficacious for 
treating patients with exertional angina, and in many 
of these patients it may be a suitable alternative to 
B-adrenergic blockers such as propranolol!-9 Like 
propranolol, diltiazem reduces myocardial oxygen de- 
mands; it also diminishes coronary vascular resistance 
and enhances myocardial blood flow. Since the anti- 
anginal mechanisms of these 2 agents may be comple- 
mentary, their combined use may be beneficial in pa- 
tients with limiting angina despite use of either drug 
alone. Although the hemodynamic and electrophysio- 
logic :effects of propranolol-nifedipine and propran- 
olol-verapamil combinations have been assessed,9-1? a 
propranolol-diltiazem combination has not been ex- 
amined in detail. This study was performed to compare 
the acute hemodynamic and electrophysiologic effects 
of propranolol i in the presence and absence of diltiazem 
therapy. 
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and LV end-dlastolic pressure increased similarly 
in both groups. Mean systemic arterial pressure was 
unchanged. Coronary slnus blood flow (by thermo- 
dilutlon) decreased slightly in patients receiving 
diltiazem and was unchanged in those not recelving 
it. Propranolol caused a similar reduction In heart 
rate and increase In atrio-His conduction in both 
groups. Thus, when intravenous propranolol is given 
to patients with normal or only mildly depressed LV 
systollc function, the hemodynamic and electro- 
physiologic effects are similar in those receiving and 
not recelving oral diltiazem. 

: (Am J Cardiol 1985;56:47—-50) 


Methods 


Study patients: The study was performed in 22 patients 
(11 men, 11 women, mean age 50 years) referred for cardiac 
catheterization for the evaluation of chest pain. The experi- 
mental protocol was approved by the Human Subjects Review 
Committee of the University of Texas Health Science Center, 
and all patients gave written informed consent. Twelve pa- 
tients (8 men, 4 women, mean age 51 years) received a stable 
dose of oral diltiazem (mean 243 mg/day, range 180 to 360) for 
at least 10 days before study (group À). In this group, coronary 
arteriography revealed significant coronary artery disease 
(defined as at least 70% luminal diameter narrowing) in 8 
patients (1-vessel in 3, 2-vessel in 2, 3-vessel in 3); 4 had no 
significant coronary disease. Each patient in this group was 
studied 2 to 3 hours after a regularly scheduled dose of oral 
diltiazem. Ten patients (3 men, 7 women, mean age 49 years) 
were not receiving diltiazem at the time of study (group B). 
Of these, 5 had 1-vessel disease, 3 had 2-vessel disease, and 2 
had no significant coronary disease. No patient was receiving 
a -blocking drug, verapamil or nifedipine. All long-acting 
nitrates were discontinued more than 12 hours before study. 
Patients with bronchospastic pulmonary disease, valvular or 
congenital heart disease, bundle branch block, any rhythm 
other than normal sinus, or clinical evidence of congestive 
heart failure were excluded. 

Experimental protocol: After initial catheter placement, 
baseline hemodynamic and electrophysiologic values were 
measured, after which each patient received propranolol, 0.1 
mg/kg intravenously, given at a rate of 0.5 mg/min. All mea- 
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. Büurements were repeated during the 5 minutes after pro- 
pranolol. After all hemodynamic and electrophysiologic 
measurements were completed, each patient had left ven- 
triculography and coronary angiography. 

-= Variables assessed: Hemodynamic measurements: Sys- 


e uw SER 5259 temic arterial pressure was recorded through a percutaneous 
el sx. 2a Doo Gd femoral arterial cannula. Left ventricular (LV) pressure was 
Ns recorded with a high-fidelity micromanometer-tipped pigtail 
E pe e E catheter (Millar Instruments) advanced to the left ventricle 
o T T0 rtre ror from the femoral artery, and the maximal first derivative of, 
mm Bes 2 H m RA LV pressure (dP/dt) was electronically derived from this 
el! BD CIO CEA pressure trace. Pulmonary arterial and pulmonary capillary 
T wedge pressures and cardiac output were measured with a 
flow-directed, balloon-tipped thermodilution catheter ad- 
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FIGURE 1. Cardlac index before and after propranolol therapy in pa- 

tlents receiving diltiazem (group A, left) and those not recelving diltlazem 

(group B, right). Each line represents the data from 1 patient, and the 

mean + standard deviation are shown on either side of each set of lines. 

Propranolol caused a similar decrease In cardiac index in both groups. 
* p «0.01 compared with the values before propranolol. 
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pranolol administration) was similar in the 2 groups 
(0.54 + 0.09 in group A, 0.57 + 0.12 in group B, differ- 
ence not significant). Of the 22 patients, ejection frac- 
tion was less than 0.50 (range 0.34 to 0.48) in 5. These 
patients responded to propranolol in a manner similar 
to that observed in the 17 whose ejection fractions were 
0.50\or greater. 

Hemodynamic effects of propranolol: The he- 
modynamic alterations induced by propranolol are 
shown in Table I. Cardiac index decreased and total 
systemic vascular resistance increased similarly in both 
groups (Fig. 1). Mean systemic arterial pressure was 
unchanged. Propranolol caused a comparable increase 
in LV end-diastolic pressure and decrease in peak 
positive dP/dt in both groups (Fig. 2). There was no 
statistically significant difference in the response of any 
variable to propranolol between the 2 groups. 

Effects of propranolol on coronary sinus blood 
flow: With propranolol therapy, coronary sinus blood 
flow decreased slightly in group A and was unchanged 
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FIGURE 2. Peak positive. dP/dt (top) and left ventricular end-diastolic 
pressure (bottom) before and after propranolol therapy In patients re- 
ceiving diitiazem (group A, left) and those not receiving diltiazem (group 
B, right). Each line represents the data from 1 patient, and the mean 
+ standard deviation are shown on either side of each set of lines. 
Propranolol produced a comparable decrease In dP/dt and increase 
in left; ventricular end-diastolic pressure In both groups. * p <0.05 
compared with the values before propranolol. 


in group B (Table I). However, the percent change in 
coronary sinus flow was similar in the 2 groups. 
 Electrophysiologic effects of propranolol: Pro- 
pranolol caused a similar decrease in heart rate and in- 
crease in AH interval in the 2 groups (Table I, Fig. 3). 


Discussion 


Numerous studies have shown the efficacy of dilti- 
azem and propranolol in patients with exertional angina 
pectoris.|-$ Propranolol reduces myocardial oxygen 
demands by decreasing heart rate, LV contractility and 
systemic arterial pressure, but it does not increase cor- 
onary blood flow.1516 Diltiazem also diminishes myo- 
cardial oxygen demands (by reducing afterload and, to 
a lesser extent, heart rate arid contractility); in addition, 
it enhances coronary blood flow by reducing coronary 
vascular resistance.^? Because the antianginal mecha- 
nisms of these agents differ, their combination may 
exert an, especially beneficial effect on the balance of 
myocardial oxygen supply and demand. At the same 
time, such a combination is not without risk. Because 
both agents depress sinoatrial and atrioventricular 
nodal function and impair contractility,” their 
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FIGURE 3. Heart rate (top) and AH Interval (bottom) before and after 
propranolol therapy In patients receiving diitiazem (group A, left) and 
those not receiving diltiazem (group B, right). Each line represents the 
data from 1 patient, and the mean + standard deviation are shown on 
either side of each set of lines. Propranolol caused a similar reduction 
In heart rate and increase In AH Interval In both groups. * p «0.05 
compared with the values before proprandlol. 
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combined administration may produce an excessive 
reduction in heart rate, atrioventricular conduction, 
systemic arterial pressure or LV performance. Whether 
the potential benefits of combined propranolol-dilti- 
azem outweigh the possible adverse effects is not known. 
Therefore, this study was performed to examine the 
hemodynamic and electrophysiologic effects of intra- 
venous propranolol in patients receiving oral diltiazem 
and to compare them with those produced by pro- 
pranolol in the absence of diltiazem. 

Hemodynamic effects of intravenous propran- 
olol: The acute hemodynamic effects of propranolol are 
somewhat variable and depend on LV function, circu- 
lating catecholamine concentrations and sympathetic 
tone. In the absence of diltiazem, propranolol causes a 
decrease in cardiac output and peak dP/dt, no change 
or a decrease in mean systemic arterial pressure, and an 
increase in systemic vascular resistance and intracardiac 
filling pressures.?1-?3 Coronary blood flow usually de- 
creases because myocardial oxygen demands are 
reduced. Our data in the 10 patients not receiving 
diltiazem (group B) are similar to those reported 
previously. 

Although the hemodynamic effects of oral diltiazem 
have been described, few studies have assessed the ef- 
fects of a propranolol-diltiazem combination. Hung et 
al? observed a greater decrease in systolic blood pressure 
during combination therapy than during the adminis- 
tration of either agent alone. In the present study, the 
hemodynamic effects of propranolol were not potenti- 
ated by diltiazem, in that the alterations in cardiac 
output, peak positive dP/dt, coronary sinus blood flow, 
systemic vascular resistance and intracardiac filling 
pressures were similar in patients receiving diltiazem 
and those not receiving it. 

Electrophysiologic effects of propranolol: Both 
diltiazem and propranolol slow heart rate and impair 
atrioventricular nodal conduction.19? With chronic oral 
administration, the combination of propranolol and 
diltiazem produces a greater reduction in heart rate 
than either agent alone? In the present study, the 
negative chronotropic and dromotropic effects of in- 
travenous propranolol were not potentiated by dilti- 
azem (Table I, Fig. 3). 

Limitations of the present study: This study is 
limited in several ways. First, it examines the hemo- 
dynamic and electrophysiologic effects of intravenous 
propranolol in patients receiving long-term oral dilti- 
azem. 'T'he effects of chronic oral administration of both 
agents may be different from those observed herein. As 
previously noted, Hung et al? observed an additive ef- 
fect on heart rate and blood pressure with oral combi- 
nation therapy, and severe sinus bradycardia or ortho- 
static hypotension occurred in 4 of 12 patients. Second, 
most patients in the present study had normal or only 
slightly impaired LV systolic function. Patients with more 
severely depressed LV function would probably respond 
differently to the combination of propranolol and dil- 
tiazem. Third, a single dose of propranolol (0.1 mg/kg) 
was given to all patients. A larger dose may produce 
different effects. Finally, all variables were measured 


only with the patient in the resting state; we did not exam- 


ine the effects of combination therapy during exercise. 


Conclusions: In patients with reasonably well pre- 
served LV systolic function without obvious conduction 
system disease, the hemodynamic and electrophysio- 
logic effects of intravenous propranolol are similar in 
those receiving and those not receiving maintenance 
doses of diltiazem. Diltiazem treatment does not appear 
to potentiate the negative chronotropic or inotropic 
effects of acutely administered propranolol. The overall 
safety and efficacy of an oral propranolol- diltiazem 
combination in patients with severe angina requjres 
further study. 
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A prospective study of preoperative exercise testing 
was carrled out in 200 patients older than 40 years 
scheduled for elective major noncardiac surgery 
under general anesthesia. The exercise test re- 
sponse was electrocardiographically positive In 32 
patients (1696) (2 patients had a markedly positive 
test), equivocal In 11 patients (5.5% ) and negative 
in 157 patients (78.5 % ). The patients were followed 
with serlal pre- and postoperative electrocardio- 
grams (ECGs) and determinations of serum creatine 
kinase (CK) and CK-MB. Six patients (3%) had 
primary endpoints: 3 (1.5%) died postoperatively 
and'3 (1.5% ) had definite postoperative myocardial 
infarction. Secondary endpoints of suspected post- 
operative myocardial ischemia/injury diagnosed 
by ECG or elevation in CK-MB levels occurred In 27 
patients (1496). Endpoint events were more com- 
mon in patients aged 70 years or older. Endpoint 


| 

In patients about to undergo major noncardiac surgery 
under general anesthesia, specific clinical features are 
associated with an increased risk of postoperative death 
or cardiovascular complications. The most important 
of these risk factors is myocardial infarction within the 
previous 6 months.!-5 Other factors with an adverse 
prognostic impact include aortic stenosis, decompen- 
sated heart failure, preoperative arrhythmias, age older 
than 70 years, and emergency rather than elective sur- 
gery!56 Goldman et al? devised an index of perioperative 
cardiac risk that is based on a weighted score deter- 
mined by the risk factors present in each patient. Ex- 
ercise test results were not included in their classic 
paper. 
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events were also more common In patients with an 
abnormal (positive or equivocal) preoperative ex- 
ercise test response than In those with a negative 
response (27% vs 14%); however, preoperative 
exercise results were not statistically significant 
independent predictors of cardiac risk. Using mul- 
tlvarlate analysis, the only statistically significant 
Independent predictor of risk was the preoperative 
ECG. Endpoint events were more common in pa- 
tients with an abnormal than in those with a normal 
ECG (23% vs 7%, p <0.002). Because the results 
of exercise testing do not appear to add substantially 
to the risk separation provided by the ECG at rest, 
exercise testing is not recommended as a routine 
preoperative method for assessing perloperative risk 
in older patients who are being evaluated before 
major elective noncardiac surgery under general 
anesthesia. (Am J Cardiol 1985;56:51-58) 


Recently, Cutler et al’ reported a remarkable corre- 
lation between the results of preoperative exercise 
testing and the occurrence of postoperative cardiac 
complications in patients undergoing peripheral vas- 
cular surgery. We sought to determine if preoperative 
exercise testing would be useful for predicting risk in 
patients undergoing a wide variety of major surgical 
procedures. We therefore carried out a prospective 
study of preoperative exercise testing in 200 patients 
over age 40 years scheduled for elective major noncar- 
diac surgery under general anesthesia. The purpose of 
the study was to determine if preoperative exercise 
performance is a useful independent predictor of the 
risk of postoperative death, myocardial infarction or 
myocardial ischemia/injury. Pre- and postoperative 
electrocardiograms (ECGs) and cardiac enzymes were 
ordered for all patients in the study group. 


Methods 


Patient selection: The study was carried out at 2 hospitals: 
the Baltimore Veterans Administration Medical Center and 
the Union Memorial Hospital, a nearby community hospital. 
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TABLE! Type of Operation 


No. of Pts 
Abdominal 103 
' Cholecystectomy 35 
Total abdominal hysterectomy 21 
Intestinal 21 
Genttourinary l 9 
Miscellaneous 17 
Vascular 67 
Aortofemoral bypass 18 
Peripheral arterlal-femoral bypass 26 
Abdominal aortic aneurysmectomy. 16 
~ Carotid endarterectomy 7 


‘Thoracic 28 


Consecutive patients older than 40 years scheduled for elective 
major thoracic, abdominal or vascular surgery under general 
anesthesia were considered for inclusion. Exclusion criteria 
were documented myocardial infarction within the preceding 
.6 months, unstable angina, decompensated congestive heart 
failure, hemodynamically significant aortic stenosis, Lown 
grade 4A and 4B ventricular arrhythmias® at rest, uncon- 
trolled hypertension (systolic 150 mm Hg or greater, diastol- 
ic 110 mm Hg or greater), physical disability and mental 
incompetence. 
` Of 481 consecutive patients, 200 were entered into the study 
after they gave written informed consent. Reasons for not 
entering the study included patient refusal (n = 87), physician 
refusal (n = 20), logistics (n = 73), and meeting 1 or more ex- 
clusion criteria (n = 51). 
Exercise testing: In descending order of preference, ex- 
-ercise testing was performed using a treadmill (n = 134), a 
bicycle (n = 21) or an arm ergometer? (n = 43). Treadmill 
testing was carried out according to a modified Balke or 
modified Bruce protocol? All protocols included 3- or 4- 
minute stages. Except for the modified Bruce protocol, each 
stage represented an increment of 1 MET of work. 

Before exercise, 12-lead ECGs were recorded in the supine, 
seated and standing positions. Subsequently; 12-lead ECGs 
were recorded at each minute during exercise, immediately 
after exercise, and at 1, 3, 5, 7 and 10 minutes after exercise. 
Blood pressure was determined with an arm cuff before ex- 
ercise, during the last minute of each exercise stage, and im- 
mediately before each ECG after exercise. Reasons for ter- 
minating the exercise test were intolerable symptoms, 
decrease in systolic blood pressure of 10 mm Hg or more, Lown 
grade 4À or 4B ventricular arrhythmias? or attainment of 
90 % of the maximal age-predicted heart rate. 

Exercise-induced S'T-segment displacement was measured 
at a point 0.08 second after the J point. In patients without 
resting ST-T abnormalities, the electrocardiographic response 
to exercise was classified as positive if there was at least 1.0 

-mm of horizontal or downsloping ST depression and equivocal 
if there was 0.5 to 1.0 mm horizontal or downsloping depres- 
sion or at least 1.0 mm of upsloping ST depression. In patients 
with S'T-T abnormalities at rest, the electrocardiographic 
response was classified based on the amount of additional ST 
depression produced by exercise: positive for additional hor- 
izontal or downsloping ST depression of 2.0 mm or more and 
equivocal for additional horizontal or downsloping depression 
of 1.0 to 2.0 mm or additional upsloping depression of 2.0 mm 

-or more. The results of the test were not communicated to the 
patients or their physicians, except for 2 patients with 
markedly positive tests (described herein). 

- Assessment of postoperative course: Serum creatine 
kinase (CK) and CK-MB levels were determined before and 
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TABLE Ii Factors Included in Multivariate Analysis 


History 

Age MI 
Sex Anglna 
Race Claudication 
Type of surgery CHF 

Thoracic Digoxin (current) 

Abdominal Cigarettes (current) 

Vascular 

- Physical Examination 
Weight JVP d 
Systolic BP S3 
Diastolic BP 
Exercise Test 

Type of test ECG response 

Treadmill METs completed 

Bicycle 96 MPHR 

Arm ergometer Maximal RPP 
Angina during test . 

Laboratory 

BUN Preop ECG 
Serum K CT ratlo on 
Serum creatinine preop CXR 


BP = blood pressure; BUN = blood urea nitrogen; CHF = congestive 
heart fallure; CT = cardiothoracic; CXR = chest x-ray; ECG = elec- 
trocardiographic; JVP = jugular venous pressure; K = potassium; MI 
= myocardial infarction; MPHR = maximal predicted heart rate; RPP 
= rate-pressure product; S = third heart sound. 


at 12 and 24 hours after surgery. For CK levels to be classified 
as indicative of myocardial necrosis, there had to be both an 
elevation of total CK and of CK-MB (more than 4% of total 
CK). 

ECGs were recorded within 48 hours before surgery, within 
24 hours after surgery and at 1 week after surgery (or at the 
time of hospital discharge if that occurred before the end of 
the first postoperative week). The serial ECGs were reviewed 
to detect the postoperative development of new patholog- 
ic Q waves or of major new ST and T abnormalities (hori- 
zontal or downsloping ST depression or symmetric, deep T 
inversion). 

The primary endpoints of the study were death or un- 
equivocal evidence of acute myocardial infarction (new Q 
waves or persistent deep T-wave inversion with elevated CK 
and CK-MB). Secondary endpoints were objective findings 
suggestive but not diagnostic of perioperative myocardial 
ischemia or injury, i.e., either the development of major new 
ST-T abnormalities on serial ECGs without elevation of total 
CK and CK-MB or transient elevation of postoperative total 
CK and CK-MB unaccompanied by diagnostic electrocar- 
diographic changes. The physicians who evaluated the serial 
ECGs and enzyme levels and the clinical details of the post- 
operative course were blinded to the results of the preopera- 
tive exercise test. 

Description of patient population: The mean age of the 
200 study patients was 59 years (range 40 to 88); 70% were 
men. Only 2 patients (1%) had markedly positive exercise 
tests. These 2 patients were excluded from further analysis 
and the markedly positive results communicated to the pa- 
tients and their physicians. One of these patients underwent 
successful coronary artery bypass graft surgery for 3-vessel 
coronary artery disease and the second underwent successful 
noncardiac surgery after a negative thallium stress test re- 


sponse. Of the remaining 198 patients, 34 had a history of . 
: myocardial infarction, 23 had stable angina and 14 were re- 





j 


ceiving digoxin. The noncardiac surgical procedures per- 
formed and their relative frequency are shown in Table I. 

Statistical analysis: Patients were classified in 3 groups 
based on preoperative exercise test results: negative, equivocal 
or positive. The frequencies of primary endpoints and of 
combined primary and secondary endpoints were compared 
using chi-square with Yates correction for continuity. Because 
of the number of patients who had primary endpoints was 
small (6 of 200, 3%), further statistical analysis was based on 
2 outcome groups: patients with vs patients without a primary 
or g secondary endpoint. The cardiac risk index scores of the 
2 patient-outcome groups were compared using the 2-tailed 
Student t test. 

A multivariate analysis was performed using the Hotelling's 
T? test”! to determine if, overall, the 2 outcome groups differed 
in at least 1 of the 27 possible predictor variables listed in 
Table II. For purposes of the multivariate analysis, positive 
and equivocal S'T-segment responses to exercise were both 
categorized as abnormal. The preoperative ECG was classified 
as abnormal if it demonstrated ST-T abnormalities (ischemic 
or nonspecific), left ventricular hypertrophy, left bundle 
branch block or Q waves indicative of an old myocardial in- 
farction. If none of these findings was present, it was classified 
as normal. 

Next, nonlinear logistic regression analysis was performed 
to determine which variables, if any, differed significantly 
between the 2 outcome groups and which were the most 
powerful predictors of outcome (maximum likelihood ratio 
method). Variables shown to be potentially related to post- 
operative outcome were scrutinized individually for signifi- 
cance using Bonferroni's adjustment for multiple compari- 
Sons. ine This required that a difference between the 2 outcome 
groups in an individual variable would be considered statis- 
tically significant only if 


<P level ordinarily required (0.05) . 


number of variables (27) peers 

The effectiveness of the regression equation and of selected 
individual variables in predicting outcome was assessed by 
calculating sensitivity, specificity, positive and negative 
predictive values and percent of patients correctly classified. 
The relative risk of having either a primary or a secondary 
endpoint at varying levels of selected individual variables was 
estimated by calculating odds ratios derived from the re- 
gression equation.!! The above computations were performed 
using ‘the BMDP statistical software programs. !? 
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Results 
ote 198 patients included in the data analysis, 6 
had primary endpoints. Three (1.5%) died in the hos- 
pital!during the first postoperative month, and 3 (1.5%) 
had both ECG and enzymatic evidence of acute myo- 
cardial infarction (Table III). Of the 3 patients who died, 
1 had new postoperative “ischemic” ST-T changes, 1 

had equivocal postoperative CK/CK-MB values, and 
1 had no evidence of postoperative ischemia. In 27 other 
patients electrocardiographic or enzymatic abnor- 
malities were identified (Table III). In 17 of these 27 
patients there were new electrocardiographic findings 
but normal CK/CK-MB; in 2 patients new pathologic 
Q waves developed in the inferior leads and in 15 new 
ST-T changes developed that were interpreted by 
2 independent readers as characteristic of ischemia 
or injury. Elevation of postoperative serum CK and 
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CK-MB levels without accompanying clinical symp- 
toms or electrocardiographic changes occurred in 10 
patients. 

Of the 231 patients who were eligible for the study but 
were not included, 73 (3296) were eliminated because of 
scheduling problems. The 158 remaining patients either 
met the exclusion criteria or were unwilling to perform 
an exercise test. They had a higher perioperative mor- 
tality rate (7 deaths, 4.4%) than the study group; how- 
ever, routine follow-up by study personnel and serial 
postoperative ECGs and enzyme levels were not ob- 
tained in these nonstudy patients, precluding detailed 
analysis of the risk of perioperative infarction. 

The preoperative ECG was abnormal in 121 patients 
(61%) and normal in 77 patients (3996). The preopera- 
tive exercise tests were electrocardiographically positive 
in 80 patients (1596), equivocal in 11 patients (696) and 
negative in 157 patients (79%). The exercise capacity 
was less than 5 MET's in 106 patients (54%) and 5 METs 
or more in 92 patients (46%). The results of the exercise 
test varied with the patient's age (Table IV). Only 1 of 
29 patients (396) aged 40 through 49 years had a positive 
or equivocal electrocardiographic response, compared 
with 9 of 27 patients (83%) aged 70 years or older. 

The frequency of postoperative death, myocardial 
infarction or suspected myocardial ischemia/injury 
varied with the age of the patients (Table IV). These 
events occurred in 3896 of the patients aged 70 years or 
older but in only 7% of the patients aged 40 through 49 
years. 

Because only 6 patients (396) had a primary endpoint 
event (death or myocardial infarction), detailed analysis 
of predictive features in these patients based on clinical 
or exercise test findings was not possible. However, al- 
though only 1 of these 6 patients had a positive ST- 
segment response to exercise, 5 of the 6 had a maximal 
exercise capacity of less than 5 METs (Table IIT). 

For multivariate analysis (Hotelling's T? test), we 
combined both primary and secondary endpoints to 
compare 2 outcome groups (patients with vs patients 
without postoperative death, myocardial infarction or 
suspected myocardial ischemia/injury). We found a 
significant difference (p «0.05), indicating that the 2 
groups differed in at least 1 of the 27 analyzed variables 
(Table II). Logistic regression analysis disclosed that 
the preoperative ECG and systolic blood pressure at rest 
were the variables that maximized the ability of the 
regression equation to predict outcome group. À cal- 
culation of each variable's contribution to the overall 
regression model showed that after accounting for in- 
tercorrelations and confounding effects, the preopera- 
tive ECG was the only factor that was a statistically 
significant independent predictor of outcome group. À 
patient with an abnormal preoperative ECG was 3.2 
times more likely to die postoperatively or have myo- 
cardial infarction or suspected myocardial ischemia/ 
injury than was a patient with a normal preoperative 
ECG. 

Figures 1 and 2 show the frequencies of endpoint 
events (either primary or secondary) in patients clas- 
sified according to the results of preoperative testing. 
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TABLE IV Exercise Study Results by Age 


pected myocardial ischemia/injury occurred more fre- 


In patients older than 40 years who are scheduled for 


40-49 yrs 50-59 yrs 60—69 yrs 270 yrs 
i: (n = 29) (n = 69) (n = 73) (n = 27) 
n (96) n (96) n (96) n (96) 
| Exercise test results | 
; Positive 0 (0) 11(16) 13 (18) 6 (22) 
| Equivocal 1(3) 8 (4) 4 (5) 3 (11) 
Negative 28 (97) 55 (80) 56 (77) 18 (67) 
Exercise capacity <5 METs 13 (45) 37 (54) 36 (49) 20 (74) | 
Postop death or MI Q (0) 0 (0) 1 (1) 5 (19) 
| Suspected postop myocardial 2 (7) 13 (19) 7 (10) 5 (19) | 
e Ischemia/Injury | 
i MI = myocardial infarction. 
Postoperative death, myocardial infarction and sus- Discussion | 


quently in patients who had an abnormal electrocar- 
diographic response to exercise and/or an exercise 
capacity of less than 5 MET'S than in patients with 
neither of these findings; however, none of the exercise 
variables was statistically significant as an independent 
predictor of risk. 

The relative values of these preoperative variables 
can also be assessed in terms of sensitivity, specificity, 
predictive value and correct classification of the pa- 
tients likelihood of having an endpoint event (Table V). 
Although these methods were useful in identifying pa- 
tients who did not have endpoint events (predictive 
value of a negative test of 86 to 93%), there were wide 
variations in their sensitivity (33 to 85%) and specificity 
(42 th 82%). The likelihood that a patient with a positive 
test would actually have either a primary or secondary 
endpoint was relatively low (21 to 35%). 

The cardiac risk index of Goldman et al,® calculated 
prospectively for each patient, was not significantly 
different in the 2 outcome groups (i.e., those with and 
without endpoint events; 5 + 3 vs 4 + 4, difference not 
Semen [NS]. 


| 
| 
| 
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elective major noncardiac surgery under general anes- 
thesia, is routine preoperative exercise testing an ef- 
fective way to identify persons at high risk of postop- 
erative death, myocardial infarction or myocardial 
ischemia? Of 198 patients studied, death and definite 
myocardial infarction occurred in only 6 patients (3%), 
of whom 1 had a positive exercise test response. When 
these primary endpoints were combined with less spe- 
cific secondary endpoints of suspected postoperative 
myocardial ischemia or injury, endpoints were more 
common in patients with an abnormal preoperative 
exercise test. However, multivariate statistical analysis 
showed that the only statistically significant indepen- 
dent predictor of risk was the preoperative ECG. A 
patient with an abnormal preoperative ECG was 3.2 
times more likely to have a primary or secondary end- 
point than a patient with a normal preoperative ECG. 
The secondary endpoints used in the multivariate 
analysis are of uncertain clinical relevance but are 
perhaps clues to the occurrence of postoperative myo- 
cardial injury or ischemia that would ordinarily go un- 
recognized unless searched for prospectively, as was 
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FIGURE 1. Frequency of endpoint events (postoperative death, myo- 
cardial infarction or suspected myocardlal Ischemla/injury) related to 
preoperative systollc blood pressure at rest, electrocardiogram (ECG) 
and score derlved from regression equation. The fractlon shown within 
each bar represents the number of patients with endpoint events over 
the total number of patients in the group. 


FIGURE 2. Frequency of endpoint events (postoperative death, myo- 
cardia! Infarction or suspected myocardial Ischemla/Injury) related to 
preoperative electrocardlographic response to exercise and exercise 
capacity in METs. The fraction shown within each bar represents the 
number of patlents with endpoint events over the total number of pa- 
tlents in the group. 
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done in the present study. An elevated serum CK-MB 
level is established as a specific indicator of myocardial 
necrosis, ? making it likely that most of our patients 
with isolated elevation of postoperative CK/CK-MB did 
sustain some degree of myocardial injury. Admittedly, 
electrocardiographic interpretation, particularly the 
analysis of ST-T changes, is more subjective. Therefore, 

we used 2 independent readers who did not have access 
to other clinical data. The inclusion of these less specific 
secondary endpoints makes it unlikely that we failed to 
identify any patients with an important degree of 
postoperative myocardial damage. With or without their 
inclusion, preoperative exercise testing did not achieve 
statistical significance as an independent predictor of 
risk. | 

An'ideal method for screening preoperative patients 
to identify those at high risk of cardiac complications 
would be simple, inexpensive and sensitive. Exercise 
testing is time-consuming and relatively expensive, and 
its sensitivity as a predictor of postoperative risk was 
moderate at best (Table V). Poor exercise capacity (less 
than 5 METs) was a fairly sensitive (67%) predictor of 
the occurrence of combined primary and secondary 
endpoints, but had low specificity (49%). An abnormal 
preoperative ECG was sensitive (85%) but not very 
specific (42%), owing to the large number of false posi- 
tive responses. 

If an abnormal preoperative screening test reliably 
identified high-risk patients, the physician caring for 
such a patient may be justified in postponing or can- 
celling elective surgery. Unfortunately, in our study, the 
positive predictive value of an abnormal preoperative 
exercise test was low-—21 to 35% (Table V). The highest 
positive predictive value (3596) from exercise test results 
was obtained by classifying patients into 2 extreme 
subgroups based on a combination of exercise capacity 
and the electrocardiographic response to exercise, but 
more'than half of the patients did not fall into either of 
these 2 extreme subgroups (Fig. 2). These low positive 
predictive values are undoubtedly related to the rela- 
tively low incidence of postoperative death and myo- 
cardial ischemia in the population we studied. Protocol 
guidelines excluded patients with very high risk con- 
ditions such as myocardial infarction within the previ- 

months or decompensated heart failure, and re- 
aur that all patients be both physically able to 
perform an exercise test and willing to do so. The 158 
patients who were either excluded or refused partici- 
pation had a postoperative mortality rate of 4.4%, 
compared with a 1.5% mortality rate in the study group. 
This finding; along with our observation that 5 of the 
6 patients with primary endpoints had an exercise ca- 
Mina of less than 5 MET's, suggests that inability or 
unwillingness to perform modest levels of exercise 
identifies patients at higher risk. 

e selection of 200 patients for our study population 
was based on the assumption that primary endpoints 
would occur in approximately 15% of this older popu- 
lation (average age 59 years) undergoing major surg 
With a 3% frequency of primary endpoints (as eas 
observed), more than 1,000 patients would have to be 
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studied to determine unequivocally if the results of 
preoperative exercise testing could separate patients 
with a 2-fold difference in postoperative risk. 

Goldman et al? devised a multifactorial index that 
predicted cardiac risk in patients undergoing both 
emergency and elective noncardiac surgical procedures. 
Each factor was given a relative weight, and a propor- 
tionate number of points was assigned for each factor 
a patient possessed. ‘The most points, if all factors were 
present, was 53. In our study, the index scores were quite 
low (range 0 to 23 points) and did not differ significantly 
between patients with and those without endpoint 
events (5 + 3 vs 4 + 4, NS). Thus, the cardiac risk index 
does not appear to be useful in patients such as ours who 
are candidates for exercise testing before elective sur- 
gery, probably because the requirement for exercise 
testing eliminates most high-risk patients. 

Bayesian analysis!!9 suggests that preoperative 
exercise testing would be more likely to identify high- 
risk patients if used selectively in subsets of patients 
with a relativély high pretest likelihood of postoperative 
events. A history of angina pectoris or of a remote 
myocardial infarction did not appear to identify high- 
risk patients in this or in other recent studies.9616 Pa- 
tients older than 70 years did constitute a high-risk 
subset, as has been found by others.^5617 These elderly 
patients had a high likelihood of primary (1996) or sec- 
ondary (19%) endpoints (Table IV). They also fre- 
quently had an abnormal electrocardiographic response 
to exercise and a diminished exercise capacity (less than 
5 METs). Retrospective analysis of our data in patients 
with an abnormal preoperative ECG revealed a trend 
toward a higher frequency of postoperative endpoint 
events when the electrocardiographic response to ex- 
ercise was abnormal than when it was not (10 of 28, 36% 
vs 18 of 95, 19%; NS). Thus, the predictive value of 
preoperative exercise testing may be particularly high 
in patients older than 70 years and in those with an 
abnormal preoperative ECG. A new prospective study 
would be required to confirm this hypothesis. Although 
thallium scintigraphy or. gated cardiac blood pool 
scanning performed in conjunction with exercise testing 
might decrease the number of false-positive results and, 
thus, increase predictive accuracy, this would sub- 
stantially increase the cost and complexity of the pre- 
operative evaluation. 


Acknowledgment: We thank Georgette Frank for pre- 
paring the illustrations and Patricia McKinney for secretarial 
assistance in preparing the manuscript. 
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utive patients undergoing continuous intraaortic 
balloon (IAB) pumping were transferred from 
Evanston Hospital to Northwestern Memorlal Hos- 
pital (16 miles), where they underwent cardlac 


operation. Ali patients had cardiac catheterization - 


before transfer. Indications for LAB were cardiogenic 
shock (9 patients), postinfarction angina (18 pa- 
tients), unstable angina (9 patients), evolving 
myocardial Infarction (3 patients), accelerating 
angina or hemodynamic Instability during cardiac 
. cathoterizatlon (9 patients) and prophylactic in- 

sertion for high-grade left main stenosis (2 patients). 
Transportation after stabilization was uneventful in 
all patients. All patients underwent operative coro- 
mary revascularizatlon. There was concomitant 
mitral valve replacement in 3 patients, acute ven- 
‘tricular septal defect repalr in 1 patlent, aortic valve 
replacement in 1, and ventricular aneurysmectomy 


i 






Patiénts in cardiogenic shock have improved survival 


with) initiation of intraaortic balloon (LAB) support. 


followed by transport to centers where cardiac surgery 
is available.1-* This service has been limited to patients 


. syndromes, the necessity to transport a patient to a fa- 
| cility equipped to intervene therapeutically has been 
. a deterrent to the institution of [AB pumping. 

oughout the world, a total of 59 patients (all with 


 cardiogenic shock) have been transported with IAB 
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During a 5-year perlod (1979 to 1983), 50 consec- - 





In 1. Three patients (596) died postoperatively. - 
` Nine patients (2096) had complications directly 


- related to IAB Insertion. One patient required fem- 


oral-femoral arterial bypass preoperatively, 4 pa- 
tients had postoperative lower limb Ischemia treated 
by [AB removal or thrombectomy and 1 patient had 
thrombocytopenia («:60,000/mm?), 1 false aneu- 
rysm, 1 anterlor compartment syndrome and 1 
prolonged bleeding at the Insertion site. Interhospital 
transfer with IAB pumping In progress should not be 
restricted to patients with cardiogenic shock, but 
can be effectively used for all patlents who require 
preoperative IAB Insertion. It should be a therapeutic 
adjunct in any hospital treating acute cardiac pa- 
tients where there are physiclans skilled in IAB In- 
sertion and management and may be instituted 
without regard for the necessity to transport to an- 
other facility. — 
(Am J Cardiol 1985;56:59-61) 


counterpulsation,: with a survival rate of 50%. We 
present here a series of 50 consectutive patients who 
required IAB support for multiple reasons, including 
cardiogenic shock, who were subsequently transported 
from 1 hospital with a cardiac catheterization laboratory 
but without cardiac surgical facilities to another hospital 
for operative cardiac repair with minimal additional 
risk. To our knowledge, this represents the largest single 
expérience with IAB transport. | 


Methods 


" During the 5-year period from January 1979 to December 
1983, 50 patients at Evanston Hospital, Evanston, Illinois, 
required IAB insertion before transfer to Northwestern Me- 
morial Hospital, Chicago, for open heart operation. Evanston 
Hospital, which has an active cardiac catheterization labo- 
ratory, did not have on-site capability for open heart surgery. 
Patients requiring cardiac operation were referred to North- 
western Memorial Hospital, 16 miles (26 kilometers) away. 

During the same period, 88 other patiénts were treated with 
the IAB. but not transported. Most of the patients (62) were 
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60 TRANSPORT WITH INTRAAORTIC BALLOON 


TABLE! Indications for Intraaortic Balloon Insertion 


Reason i n 
Postinfarction angina 18 (3696) 
.Unstable angina 9 (18%) 
Cardiogenic shock 9 ` (1896) 
Hemodynamic instability during catheterization 9 (18%) 
Evolving myocardial infarctlon 3 (6%) 
High-grade left main coronary narrowing 2 (496) 


Totals 50 (10096) 


managed medically and successfully weaned from the IAB. 
Among this group, 22 underwent elective coronary revascu- 
larization. The other 26 patients died. 

The most common reason for JAB replacement in the 
transported group was postinfarction angina not controlled 
on medications (18 patients), accounting for 3596 of the entire 
group (Table I). Nine patients had significant preinfarction 
angina poorly controlled on medication and 9 patients were 

'in cardiogenic shock (systolic blood pressure less than 80 mg 
Hg) at the time of IAB insertion. Nine other patients became 
hemodynamically unstable during cardiac catheterization, 
prompting IAB insertion. The IAB was used in 3 patients 
during an evolving myocardial infarction. Finally, 2 patients 
with high-grade (79595) left main coronary artery stenosis had 
IAB insertion immediately after cardiac catheterization. 

All balloons were inserted through the femoral artery by 
cardiologists using the percutaneous method. The procedure 
was performed either in the catheterization laboratory or in 
the intensive care unit. The balloon used was the Datascope 
Percor® with a 10.5Fr stem. After insertion, all patients un- 
derwent a period of stabilization before transport. During this 
time, monitoring lines were placed and infusions and drug 
regimens were adjusted. All patients were monitored with an 
intraarterial catheter and in one-third of the patients a 
Swan-Ganz catheter was inserted. Patients who had not 
previously undergone coronary angiography before LAB in- 
sertion underwent catheterization with the IAB in place. Two 
patients with respiratory distress were intubated during the 
stabilization period. 

After determining that the patient required open heart 
surgery, Northwestern Memorial Hospital was notified and 

the patient prepared for transport. All patients were pread- 
mitted to Northwestern Memorial Hospital by telephone. The 
entire medical record was copied and the angiogram and re- 
port were sent with the patient. Transportation was provided 
by the emergency medical service vehicles routinely used in 
thescommunity. These vehicles were all Advanced Life Sup- 
port Mobile Intensive Care Units with large floor space, 
equipped with oxygen, lighting and electrical outlets sufficient 
to carry on uninterrupted IAB pumping throughout the 
transport. The pumping console used for all transports was 
the Datascope 80/83 model powered by its rechargeable bat- 

‘tery and propelled by portable tanks of carbon dioxide. In 
addition to the routine emergency medical personnel, the 
patient was always accompanied by a nurse and a physician 
familiar with the patient’s history and medical regimen. Every 
effort was made to provide clear elevators and hallways at the 
time of transport. Upon arrival, patients were taken directly 
to the intensive care unit. The average door-to-door transport 
time was 40 minutes. 


Results 


Of the 50 patients requiring transfer with the IAB, 
only 1 patient had preoperative leg ischemia. This pa- 
tient had a femoral-femoral bypass at Evanston Hos- 
pital without incident. All patients were transported 


when completely stable and free of pain. Seven patients 
were transferred ón the same day of balloon insertion; 


17 patients were stabilized overnight and transferred - 


the next day; 21 patients were transported within 2 to 
7 days; and 5 were transported 1 to 2 weeks later. - 
Two patients (1 with acute postinfarction ventricular 
septal defect and 1 with acute papillary muscle rupture) 
were taken to the operating room shortly after admis- 


sion. Forty-eight patients were admitted either to the . 


medical or surgical intensive care unit for a post-trangfer 
stabilization period of several hours to 6 days before 
operation. In all, 32 patients were operated upon within 
1 day of transfer. The mean time from transport to 
surgery was 26 hours. 

All patients underwent coronary artery bypass 
grafting, receiving an average of 3 grafts. Three. patients 
required concomitant mitral valve replacement (1 in 
conjunction with aneurysmectomy), 1 patient required 
aortic valve replacement and 1 patient required closure 
of a large acute ventricular septal defect. 

Three patients died postoperatively, yielding an 
overall survival rate of 9596. Two patients with postin- 
farction complications operated upon shortly after 
transfer (1 with an acute ventricular septal defect and 
1 with acute mitral regurgitation and ventricular aneu- 
rysm) died within 2 days of operation. The third death, 
in a coronary artery bypass patient, occurred on the 
12th postoperative day because of ventricular arrhythmias. 

'The overall early and late IAB-related complication 
rate among surviving patients was 20%. In addition to 
the patient in whom femoral-femoral bypass was per- 
formed before transfer, 8 patients had postoperative 
problems that necessitated IAB removal: 4 had re- 
versible limb ischemia. Besides balloon removal, 3 of 
these patients required simple thrombectomy. One 


patient developed an anterior compartment syndrome. 


One patient had excessive bleeding at the insertion site 
immediately after surgery and 1 patient had severe 
thrombocytopenia (platelet count «60,000/mm?) on the 
second postoperative day. The only late IAB-related 
complication was a false aneurysm at the insertion site 


_ requiring elective operative repair 6 weeks after coro- 


nary artery bypass grafting. 

Complications unrelated to the IAB included mild 
acute renal failure not requiring hemodialysis (3 pa- 
tients), postoperative ventricular tachycardia (3 pa- 
tients), excessive postoperative bleeding (2 patients), 
wound infection at the site of vein harvest (2 patients) 
and deep venous thrombosis in the leg opposite the IAB 
insertion site (1 patient). 


Discussion 


Myocardial salvage is the prime goal in the modern 
treatment of coronary atherosclerosis. No longer is a 
myocardial infarction allowed to evolve or extend when 


facilities are available to avert the event. Patients who 


present with a completed infarction likewise should not 
leave the hospital without first undergoing diagnostic 
studies directed at determining their risk for repeat 
infarction. This approach allows appropriate treatment 


to begin within the shortes: interval after infarction. 





Many community hospitals cannot deliver complete 
therapy to the patient with an acute infarct because of 
the sophistication and expense of facilities for infarct 
intervention (for example, coronary angioplasty and 
coronary artery bypass surgery). Countless patients 
present to both primary and secondary community 
hospitals with ongoing myocardial ischemia. Many of 
these patients may require institution of IAB pumping 
for stabilization, which can be accomplished at ac- 
ceptable risks and should result in increased salvage. 
They then may be transported to a hospital with ap- 
propriate facilities. 

Thé acceptable mortality and morbidity figures in 
this study testify to the safety of such an approach. In 
contrast to previous reports dealing with cardiogenic 
shock; most of the patients in this series had the IAB 
inserted i in the face of ongoing ischemia to prevent in- 
farctión or the extension of a recent infarction. All but 
3 patients survived the transport and the perioperative 
period. No deaths have occurred among the last 32 pa- 
tients transported. 

The IAB was inserted by skilled cardiologists familiar 
with the principles of femoral access and the mechanics 
of balloon pumping. Most of the complications were 
related to reversible limb ischemia, which were easily 
managed in the perioperative period. Only 2 patients 
required surgical therapy other than removal or simple 
thromboectomy (1 femoral-femoral bypass and 1 false 
aneurysmectomy). One patient had mild permanent 
neurologic deficit from a postoperative anterior com- 
partment syndrome. The 20% IAB related complication 
rate is comparable to that reported by other investiga- 
tors." Likewise, the complications unrelated to the 
TAB are not unexpected i in this group of critically ill 
patients. 

Experience gained during this 5-year period has led 
to the establishment of several important principles to 
accomplish safe balloon transport: (1) Transport per- 
sonnel should be completely familiar with the function 
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of the IAB console, capable of handling bleeding at the 
balloon site should it occur, and capable of delivering 
intravenous medications. (2) All patients must be sta- 
bilized before transfer as described earlier. Any patient 
with sufficient hemodynamic instability should have 
a Swan-Ganz catheter placed and any patient with 
respiratory difficulty should be intubated. (3) Para- 
medic personnel and ambulance drivers must transport 
patients into and out of transport vehicles without in- 
terrupting IAB pumping. (4) A physician and a nurse 
familiar with the patient should accompany him or 
her. 

Because it is possible to avert myocardial infarction 
in many patients, the IAB must play a major role to 
stabilize the condition of patients with ongoing myo- 
cardial ischemia. It may permit transport to hospitals 
where definitive infarct intervention may be under- 
taken. Necessity to transport the patient is no longer a 
deterrent to IAB management. 


Acknowledgment: We thank Maribeth Hlupic, RN, 
CCRN, for her invaluable assistance in patient identification 
and compilation of data at Evanston Hospital. 
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| Coronary Atherosclerosis and Antecedent Risk Factors: 
+ — and Epidemiologic Study in Hisayama, Japan 


ry B 


NORIYA pei el a MD, KENZO TANAKA, MD,. KAZUO UEDA, MD, 
and TERUO OMAE, MD 


The pathologic and epidemiologic study of coronary 
-atherosclerosis was performed on 281 autopsy 
subjects aged 40 years and older during the period 
between 1971 and 1981, In Hisayama, Kyushu 
Island, Japan. During this Interval, ihe autopsy rate 
was about 80%. Grading of coronary atherosclo- 
rosis. was made by the degree of lumina! stenosis. 
Seven selected factors such as age, gender, mean 
arterlal blood pressure, serum total cholesterol, body 
. mass Index, alcohol intake and clgarette smoking 

.were all given attention. The severity of coronary 


Coronary atherosclerosis correlated positively with — 


antecedent elevated blood pressure and with higher 
serum total cholesterol levels. in multivariate 


analysis, factors that significantly (p <0.05) and -` 
positively correlated with coronary atherosclerosis 


were age, mean arterial blood pressure, serum total 


cholesterol, gender and body mass Index In this. 
order. The overall contribution of 7 selected factors - 
to coronary atherosclerosis was nearly 33.5 96 of the 
total variation by the analysis of multiple regression: 


model. 
(Am J Cardiol 1985:56:62-66) 





atherosclerosis revealed age-related progression. 


. There.is a close correlation between coronary athero- 


-sclerosis and coronary artery disease (CAD).1-? Autopsy - 


; studies by Gore et al^ confirmed that coronary ath- 
' erosclerosis was relatively mild among the Japanese 
compared with that among Western Caucasians. The 
mortality from CAD in the Japanese has remained lower 
than that for Caucasians in developed countries.9 The 


_ present report concerns autopsy findings on subjects in ` 


Hisayama, Japan. , 
Methods. 


. Subjects: The Hisayama prospective survey was initiated 
: in 1961 to determine the epidemiologic trends of cardiovas- 


cular diseases in a general population. Details of the methods ` | 


-of the study have been described.8? The census figure in 1960 
revealed that age and sex distribution of the population was 
' practically identical to that in all of Japan. Since November 

1, 1961, a total of 1,621 men and women aged 40 and older has 
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been followed up as a cohort (about 90% of all residents in this . 
age group). The subjects were also recruited from the Hisay- : 


ama residents aged 40 years and older who underwent regular 
mass screening in a series of Hisayama population surveys in 
1978 and 1974.19 'T'his newly entered population of 1,156 has 
been under continuous observation. Previously, we reported 
the extent of coronary atherosclerosis in the Hisayama resi- 
dents during the first 10 years of follow-up,!* and this paper 





concerns data obtained in the next 10 years during the period. | - 


between November 1, 1971 and October 31, 1981. During this 


interval 439 subjects died and 354 (80.6%) were autopsied. ` 
Coronary arteries in 281 of these consecutive autopsy cases 


were available for examination. The distribution according 
to age and gender is shown in Table L. 


Evaluation of atherosclerosis: The heart and coronary - 
arteries were examined after fixation in 10% formalin. A : 
quantitative appraisal of the severity of atherosclerosis was - 


carried out by estimating the degree of luminal narrowing of 


the cross-&ectional area due to atherosclerotic lesion. Each of ` 


the 3 main branches of the coronary arteries were cut, in situ, 


transversely at approximately 2-mm intervals from the.orifice ^ . 
at the aorta to the smallest vessels that could be followed with ` ` 


the naked eye. The segment with maximal stenosis was cut off . 


from the left anterior descending, left circumflex and right 
coronary arteries for histologic examination. The paraffin- 
prepared sections were stained with hematoxylin-eosin and 
elastica van-Gieson. The degree of arterial narrowing due to 


atherosclerosis was determined by measuring the narrowed ' ` 
lumen and the area bordered by the internal elastic lamina. - 
For this, we used a planimeter with a picture analysis OA-I . ' 
calculator equipped with a digitizer. Percent reduction of the 


| ' CE 44 1 
nn , ^ 


| 


| j , , 
‘lumen'was calculated (Fig. 1) and the narrowing was expressed 
ona 5-point scale as a stenotic score: 1-= 0 to 24% stenosis of ` 


the cross-sectional area, 2 = 25 to 49% stenosis, 3 = 50 to 74% 
stenosis, 4 = 75 to 99% stenosis, and 5 = total occlusion. In 
addition, stenotic index was calculated by adding each stenotic 
score of the 3 main coronary branches together, giving a total 
grade of 3 to 15 for each heart. Antemortem data were ob- 
' tained from periodic medical examinations, most of which 


were performed in 1973 or 1974. For subjects who died before ` 


1973, 
1961.| . 
tatistical analysis: À p value «0. 05. was considered to be 
; statistically significant as determined by a Student t test. 
Because there was a correlation among the antemortem data, 
thes spwise multiple regression analysis was adopted to es- 
timate the relative importance of 1 factor after taking into 


data were taken from medical records at entry in 





account the effect of other related factors. Stenotic index was- . 


evaluated by selected 7 variables such as age at death, gender, 
blood pressure, serum total cholesterol, body mass index, al- 
cohol intake and cigarette smoking. Continuous variables were 
directly entered into the equation as a numerical score, 
whereas categoric variables were used after grading and were 
given a score (Table II). Because of a close correlation between 
systolic and diastolic blood pressure, the mean blood pressure 
data were used. The effect of active treatment of hypertension 
on blood pressure level was not studied. Two hundred fifty- 
nine of 281 cases were available for multivariate analysis. 





| 
| 
S: . residual luminal area 


S. : area bordered by JEL 


% reduction of luminal area = (1 ~ =) X100 





FIGURE 1. Quantitative appralsal of luminal narrowing. IEL = Internal 
‘elastic |lamina. 
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FIGURE 2. Stenotic Index in each gender and age group. 
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Number of Subjects Examined 
` Age (yr) at Death ' 


TABLE | 


40-49 50-59 60-69 70-79 80-89 90+ Total 
Men #12 15 25 58 37 6 153 


"Women 3 5 13 49 45 13 128 


Total - 15 20 38 107 82 19 281 


Results 
Atherosclerosis of all 3 main branches progressed 


gradually with age. The mean stenotic score was largest: 


for the left anterior descending artery and smallest for 


. the left circumflex artery in each decade. The mean 


stenotic index for each sex and age group is shown in 


Figure 2. Stenotic index increased progressively with 


age in both genders up to age. 90 years. The mean 
stenotic index was higher in men than in women except 
in the seventh decade, but the differences were not 
statistically significant in all age groups. The cases were 
classified into 4 groups: normotensives, borderline hy- 
pertensives, and systolic and diastolic hypertensives, 
according to the World Health Organization criteria.!? 
The mean stenotic index of diastolic hypertensives and 


systolic hypertensives were significantly higher than . 
that of normotensives, and borderline hypertensives : 


had intermediate stenotic index (Fig. 3). Stenotic index 
of diastolic hypertensives tended to be greater than that 
of systolic hypertensives in each age group, but the 
difference was not statistically significant. Stenotic 
index of both diastolic and systolic hypertensives were 
already high in those in the group between age 40 to 59 
years, but stenotic index increased only slightly with 
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FIGURE 3. Relation between stenotic index and blood pressure. Sta- 
tistical significance is compared with the value of normotensives in the 
same age group. ** p «0.01; * p «0.05. BHT = borderline hyper- 
tensives; DHT = diastolic hypertensives; N T = normotensives; SHT 
= systolic hypertensives. 
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Variable In Multivariate Analysis 





"Dependent varlable 3M gue c doe UI 
Stenotic index. E: a ME " 
uu iere variables zi" s o s 
. Numerical score SE d 
Mean blood pressure (mm Hg) m x 
: Sérum cholesterol (mg/dl); 
' Age at death (yr) 
; Categorical score i l l 
aoe 1: Women; 2:Men ` 
Body mass index 0: € 19.07 f: 19.1—23.2; 
(kg/m?) ^ | 2: 23.325, 3; 3: 225.4 
_ Alcohol "o5. 0: nondrinker 
. (per day) ' 27 1: <270 ml; 3 270 mi = 
Smoking 0: nonsmoker; 1:,1-9; . | 
(per day) 2: 10-18; 3: 220 cigarettes - 


E m after the rond dide The difference ; 


in. stenotic index between hypertensives and normo-, 
. tensives was greater in the younger ‘age groups. The 
"relation of stenotic index to the serum total cholesterol 


‘level is presented in Figure 4. The cases were arbitrarily | 


‘grouped, according to serum total cholesterol levels: 
- $159 mg/dl, 160 to 199 mg/dl and 2-200 mg/dl. Stenotic 
"index was the greatest in subjects with serum total 
cholesterol. levels 2200 mg/dl in all age groups. "The 


: difference i in stenotic index between the group with the . 
highest cholesterol level and the group with the lowest 


cholesterol level was. statistically significant. The rela- 
tion between stenotic. index and serum total cholesterol 


Jevels in hypertensives ; are shown in Figure 5. The mean .. 
stenotic index in those with serum ‘total cholesterol. 


Jevels 2200 mg/dl was significantly higher than in those 


„with levels «159 mg/dl. This trend was similar to data. 


„depicted i in Figure 4. | 
The stepwise multiple. regression a Was: per- 


‘formed, and the standardized regression coefficient-of . 
pach factor i is s indicated 1 in Table III. Factors signifi- 
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Stenotic Index. 


1220614  — 


in ants ind positively correlated with rae idera were; 

 age'at death, mean blood pressure, serum total choles- `.: -© : 
terol, gender and body mass index in this order. Alcohol. °.” ’ 
intake correlated negatively with stenotic index. Ciga- ` 


rette-smoking showed a positive correlation, but this 


, association was weak and insignificant. 


"The variability of stenotic index was lined by 


Ai these 7 variables i in een 33. 596: one IV. 


Discussion. NE ut 


‘The Sub of this study was- to examine ERE RH B 
of coronary atherosclerosis for the Japanese. The" ... 
subjects. were recruited froni the cohort population of. `. 
the prospéctive epidemiologic gurvey; therefore, ante- <.. 


— 


d E É t 
" 


cedent risk factors of coronary. atherosclerosis. canbe = 


determined in more commonly standardized: manner; `. : 


Coronary or aortic atherosclerosis is usually estimated EN 


' by the quantitative measurements of surface.involve- . ` ^. 


ments.19-15 This procedure may have an advantage of 


assessing an entire lesion on the arterial surface. On the . ™ 
other hand, severe luminal. narrowing was reported to . 
be found in at least; of the 3 major coronary arteries in . ^ 
patients with fatal acute myocardial infarction.!9 In this. 

study, the severity of atherosclerosis was determined . 
by measuring the degree of luminal narrowing of the: . 
cross-sectional area according to the method of Roberts , . 
"and Jones! with some modification: ' Becaüse the. -` 


method used is different, comparison of the results in `. 


this study to those conducted by estimation of surface 
involvements must be done cautiously. © . -- 


‘Coronary. atherosclerosis advanced gradually with | : 


age; as noted by other workers.!^18. 


Our’ results confirm the observation of otherg18-20 that 


atherosclerosis of. coronary arteries was more ‘extensive 
and more severe in hypertensive: ‘than in normotensive 


persans, The stenotic index of Se hyperiensive ur 


un oie = 
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No, of 15114 .18109 204535 . 254325 . 
Age at 49-59 60-69. 70-79 80- (O ^. 


S Relation between stenotic index and serum total cholesterol uod 


in the . Statistical significance Is compared with'the value. 





in those ‘with serum cholesterol levels $159 mg/d. "p <0.0%; ps | 
$0.08, i i 
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TABLE Ill Standardized Regression Coefficlents (SRC) of 
_ Specified Risk Factors of Coronary 
| Atherosclerosis 


| SRC T value 
Age.at death 0.2994 5.220* 
Mean blood pressure 0.2934 5.556* 
Cholesterol 0.2615 4.730* 
Gender 0.2386 2.9411 
Body mass Index 0.1426 2.7001 
Alcohol drinking —0.1579 —2.313' 

Igarette smokin 0.1302 1.852 


* p <0.001; t p <0.01; t p «0.05. 
| 


persons EE to be greater than that of systolic hy- 
pertensive persons. In a previous study!! we assessed 
systolic blood pressure and diastolic blood pressure 
separately, and only indicated the evidence of a close 
relation between coronary atherosclerosis and systolic 
blood pressure by estimating correlation coefficients 
between the two. Blood supply to coronary arteries is 
accelerated i in the diastolic phase. Additionally, systolic 
blood pressure usually increases together with diastolic 
blood pressure in persons with diastolic hypertension. 

Systolic blood pressure generally increases with ad- 

vancing age, and coronary atherosclerosis also develops 
in elderly persons. Therefore, close correlation between 
coronary atherosclerosis and systolic blood pressure is 
probably the consequence of the aging process rather 
than the cause. The difference between coronary ath- 
erosclerosis in hypertensives and normotensives was 
greater in younger age groups. Because atherosclerosis 
is a slowly and insidiously evolving process from child- 
hood and adolescence,?!-?? an educational program 
aimed at preventing atherosclerosis should be designed 
early in life. 

A fair correlation between the average extent of cor- 
onary atherosclerosis and the mean levels of serum total 
cholesterol has been well established in the defined 
population.!*-14-44 The extent of coronary atherosclerosis 
was greater in the groups with higher levels of choles- 
terol in this study. Furthermore, accelération of coro- 
nary atherosclerosis by elevation of serum total cho- 
lesterol levels was noted in hypertensive subjects. 

The| multiple regression analysis showed that 
significantly positive and independent precursors of 
s atherosclerosis were age at death, mean blood 
pressure, serum total cholesterol, gender and body mass 
index.. In the Hisayama study, deaths resulting from 
myocardial infarction were less frequent than those 
resulting from cerebral stroke.?» Of the 1,621 subjects 
initi entered into the study, myocardial infarction 
occurred in 55 patients in the cohort population during 
20 years of follow-up. The incidence rate of 2.1 per 
year/1,000 for men, and 1.4 for women was approxi- 
mately one-third less frequent than that of cerebral 
infarction.?° In the present series, the cases of myocar- 
dial infarction as a cause of death were found in 13 of the 
total autopsy cases (3.7%). The most frequent cause of 
death was malignant neoplasms (26.6%), next in order 
was stroke (21.6%) (cerebral infarction 13.6%, hemor- 
rhage 5.7%), and then heart disease (10.2%). The pattern 
of risk factors for coronary atherosclerosis was similar 


TABLE IV Specifled Risk Factors Contributing to the 
Varlablitty of Coronary Atherosclerosis—A 
Multiple Stepwise Regression Analysis 


Increase In R? ' 


Mean blood pressure 0.1339 
Cholesterol 0.0689 
Age at death 0.0491 
Gender 0.0437 
Body mass index 0.0167 
Alcohol drinking 0.0134 
Cigarette smoking 0.0091 


Sum of R? = 0.3348 


* Percent of varlation accounted for R? X 100. 
R? = coefficient of determination. 


to that for myocardial infarction reported from Western 
countries, except cigarette. smoking. Several studies?927 
have shown a positive relation between cigarette 
smoking and coronary atherosclerosis, but there are also 
reports!4.15 of insignificant effects of cigarette smoking 
on coronary atherosclerosis. In the present study, cig- 
arette smoking showed a weakly positive but statisti- 
cally insignificant correlation. À habit of smoking was 
determined and graded by the information regarding 
how many cigarettes subjects had smoked in 1 day. 
Persons smoking 20 or more cigarettes per day were 
classified into the group of the heaviest smokers and 
given score 3 in the equation of multivariate analysis. 
This category was not necessarily representative of the 
uniform group of the heaviest smokers despite their 
inclusion in the study. The procedure for the classifi- 
cation of cigarette smokers may affect the result of a 
weak correlation between smoking and coronary ath- 
erosclerosis in the present study. 

The association between alcohol intake and CAD is 
somewhat perplexing. Several community studies in- 
dicated that heavy alcohol consumption was related to 
increased total mortality, but the evidence for a relation 
with cardiovascular mortality or morbidity was not 
consistent. In a recent review, Marmot” suggested that 
the variable definitions of “heavy” and “moderate” 
drinking were a major problem associated with the issue 
of alcohol consumption and CAD mortality. There is 
general agreement that daily consumption of more than 
80 g of ethanol is heavy. In the present study, heavy 
drinkers were defined as those taking more than 27 g of 
ethanol every day. Although the highest category was 
open-ended, this amount of alcohol may be moderate. 
An inverse relation between alcohol intake and coronary 
atherosclerosis in this study could be partially attrib- 
utable to this definition of heavy drinkers. There are a 
few studies on whether alcohol consumption can have 
a direct toxic effect on coronary atherosclerosis. In 
contrast, 1 study”? of patients who underwent coronary 
angiography found a significantly lower occlusive score 
in moderate drinkers than in nondrinkers, and several 
studies have shown HDL cholesterol levels to be higher 
in moderate drinkers.39?1 

The overall contribution of 7 selected variables to the 
stenotic index was nearly 33.5% of the total variation by 
the analysis of multiple regression model. This study 
focused on the relation between single measurement of 
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variables and coronary athérosclerosis: Moreover, an 
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effect of active treatment of hypertension on blood 
pressure level was not taken into account. Two-thirds 
of the residual variation of the stenotic index may be 
explained in part by taking into account the changes in 
risk. factors over time. 
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ARRHYTHMIAS. AND’ CONDUCTION. DISTURBANCES | 


Analysis of the Spontaneous Variability of Ventricular 
‘Arrhythmias: Consecutive Ambulatory Electrocardiographic 
Recordings of Ventricular Tachycardia 


CRAIG M. PRATT, MD, DONALD J. SLYMEN, PhD, ANN M. WIERMAN, PAC, 
JAMES B. YOUNG, MD, MARILYN J. FRANCIS, RN, A. ALLEN SEALS, MD, 
MIGUEL A. QUINONES, MD, and ROBERT ROBERTS, MD 





Results are reported of analysis of the variabllity of 
complex ventricular arrhythmias In a cohort of 110 
patie its selected for the presence of ventricular 
tachycardia (VT). All patients were enrolled In In- 
vestig tional antiarrhythmic drug trlals and had an 
average of 4 consecutive days of placebo ambula- 
tory electrocardlographic recording to serve as the 


database for this study. Using a statistical approach: 


Incorporating analysis of varlance, the minimum 
percent reductions of ventricular premature com- 
plexes, couplets and VT were calculated to establish 

“drug effect” rather than varlabllity at a significance 
level of 0.05. The relative varlability of ventricular 
arrhythmias In prognostically Important. groups was 
also analyzed: (1) coronary artery disease (CAD) 


\ 


Epidemiologic studies using the standard 12-lead 
el iogram (ECG) have shown that patients with 
ventricular premature complexes (VPCs) after myo- 
cardial] infarction are at higher risk for subsequent 
sudden cardiac death. Ambulatory electrocardio-. 
graphic recording has been used to quantitate and 


identify complex ventricular arrhythmias predictive of 


sudden cardiac death in patients surviving myocardial 
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(n = 57) vs no CAD (n = 53); (2) patients with a left - 
ventricular ejection fraction of 40% or less (n = 52) 
vs those with an ejection fraction greater than 40% 
(n = 58); and (3) patients with frequent runs of VT 
(10 or more runs/day, n = 63) vs Infrequent VT (n 
= 47). Multiple regression analysis revealed that 
patients with CAD have significantly greater pre- 
mature ventricular complex variability than patients 
without CAD (p <0.01). Also, patients with frequent 
VT runs have greater VT varlabllity than that previ- 
ously reported in smaller studles, thus requiring 
greater VT reductions to establish drug effect. 
Whether the varlability of ventricular arrhythmia Is 
Itself an independent risk factor for sudden cardiac 
death is unknown. (Am J Cardiol 1985;56:67-72) 


infarction.?-9 The usual criteria for “high risk" in the 
asymptomatic postinfarction population has been the 
presence of 10 or more VPCs/hour as well as the pres- 
ence of nonsustained ventricular tachycardia (V'T).9-9 


. Ambulatory electrocardiographic recording has also 


become a standard by which antiarrhythmic drug 
therapy is monitored.? Recent studies have revealed the ` 
increased yield of arrhythmia detection by longer du- ` 
ration of ambulatory electrocardiographic recording! 
as well as the important observation of the large degree 
of spontaneous variability of ventricular arrhythmias 
during sequential days of monitoring.!!-1? Because of 
the small sample size of previous studies, no attempt has . 
been made to further define the variability of ventric- 
ular arrhythmias in clinically important subsets. ^ 
In the present study we selected a large patient pop- 
ulation (110 patients), all initially selected for the 
presence of nonsustained V'T and enrolled in antiar- 
rhythmic drug trials. This sample size allowed us to 
define arrhythmia frequency and variability in clinicálly 
important subsets; those with high-frequency VT, 
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patients with documented coronary artery disease 
" (CAD), and those with impaired left ventricular (LV) 
function. 


Methods 


Patients: This study includes 110 patients enrolled in in- 
vestigational antiarrhythmic drug trials. These 110 patients, 
' mean age 57 years (range 22 to 85), included 32 women and 
78 men. All patients were selected for inclusion into the study 
‘based on the presence of documented nonsustained VT, de- 
. fined as 3 or more consecutive VPCs at a rate of 120 or more 
per minute. An average of 4 days of consecutive placebo am- 
bulatory electrocardiographic recordings revealed the fol- 
lowing group mean arrhythmia frequencies: 663 + 66 
VPCs/hour, 43 + 8 couplets/hour and 19 + 8 VT runs/hour 
(all mean + standard error.of the mean). Previous use of in- 
vestigational antiarrhythmic drugs precluded entry into the 
study. All antiarrhythmic drugs were discontinued for at least 
5 days before initiation of consecutive placebo ambulatory 
electrocardiographic recordings. 

Information regarding specific cardiac diagnosis was 
_ available in all 110 patients based on cardiac catheterization 

(91%) or a combination of the clinical history, physical ex- 
amination and noninvasive cardiac evaluation (9%). Fifty- 
seven patients had CAD. The diagnosis was confirmed by 
‘coronary angiography in 96% of these patients (defined as a 
70% or more diameter reduction in 1 or more major coronary 
arteries). In 2 patients the diagnosis of CAD was confirmed 
on the basis of both history and electrocardiographic evidence 
of myocardial infarction, combined with the visualization of 
_a-segmental wall motion defect detected by radionuclide 
ventriculography or 2-dimensional echocardiography. 

The diagnoses in the remaining 53 patients included: hy- 
pertensive heart disease (88%), mitral valve prolapse (22%), 
valvular heart disease (20%), dilated cardiomyopathy (12%) 
and no detectable organic heart disease (8%). If clinically in- 
dicated, digitalis preparations were not discontinued, but 
dosage remained unchanged throughout the study (36% of 
patients). Likewise, 13% of patients continued to receive 
8-blocker drugs, with no change in dosage during the trial. 
Most patients had previously taken at least 1 of the available 
type I antiarrhythmic drugs, including quinidine (62%), pro- 
cainamide (56%) and disopyramide (26%). 

Ambulatory electrocardiographic recording: Ambu- 
latory electrocardiographic recordings were performed on 
Avionics 440B tape recorders. The mean duration of ambu- 
latory electrocardiographic recording in the entire 110 patients 
was 4 + 1 days. For all of the ambulatory electrocardiographic 
tapes analyzed, the average duration was 22 + 2 hours. The 
‘minimum continuous duration of ambulatory electrocardio- 
graphic recording analyzed on any patient was 39 hours and 
the maximum recording duration was 119 hours. 

Ambulatory electrocardiographic analysis was performed 
` on an Avionics electrocardiographic Trendsetter.® Each study 
tape was reviewed by a cardiologist to confirm the presence 
of nonsustained VT. Ventricular arrhythmias were quanti- 
tated hourly for total VPCs, couplets and VT runs. Quality 
control in our laboratory using standard test tapes show a 
reproducibility of 92% for total VPCs, 95% for couplets and 
98% for VT runs (intraobserver variability), Agreement in 
total VPC counts between 2 research Holter scanners is 95% 
(interobserver variability). External quality control has been 
performed by sending test tapes to the core laboratory of a 
national arrhythmia trial. For runs of nonsustained VT, 
comparison with the core laboratory documents a 100% sen- 
sitivity and 100% specificity for VT runs. 

Assessment of left ventricular function: Quantin 


of LV function was aygilable by 2-dimensional echocardiog-. 


ms in all 110 patients during placebo therapy. The sudes 
were performed on ATL MARK V sector scanners equipped 
with slow-motion, frame-by-frame, bidirectional playback 
video recorders. LV ejection fraction (LVEF) was determined 


from the average of several diameters measured in multiple- 


views with a method validated in our laboratory.14 
Statistical methods: The primary intent of our statistical 


approach was to determine the minimum percent reduction 


in mean frequency of arrhythmias required to show a signif- 
icant drug effect. The response variables consisted of the mean 


hourly rates taken over a 24-hour period for VPCs, cougjets . 


and VT runs. In clinical practice physicians usually examine 
daily rather than hourly electrocardiographic monitoring 
periods. With this in mind, our assessment of spontaneous 
variability consisted of within-patient (i.e., between-days) 
variability. A 1-way analysis of variance (ANOVA) random- 
effects model (model II) was used with “patients” as the single 


factor. This approach yields a breakdown of the total variation ` 


in the data into 2 components: between-patient and within- 
patient variation. In particular, this method yields a pooled 
estimate of the within-patient variability, which is used in 
assessing the percent reduction required for a significant drug 
effect. The 1-way ANOVA accommodates the unequal 
number of daily recordings per patient. The analysis was 
carried out using the natural logarithms of the frequency (f), 
In (f + 1), to induce a normal distribution and equal vari- 
ances. 

Using the pooled estimate of the between-days variability 


(S24), we followed the approach proposed by Morganroth et . 


ali? and constructed a 95% confidence interval based on a 


statistical test comparing the mean frequency during the test . 


period with that of the control (placebo) period. This confi- 
dence interval is of the form 


D = 2S (1/n, + 1/n) (1) 


where n, = number of days in the control period and n, = 
number of days in the test period. The minimum difference 
required to demonstrate a significant difference between 
In(test) and In(control) at the 5% level for a 2-sided test is D. 
Therefore, we may write 


test 


atest) ontrol E 





— ]n(control) = D or : (2) 


To then calculate the percent reduction from the control pe- ` 


riod to the test period, we may write 
1 i " i - 100(1 — e-D) (3) 
ontrol 


The effects of CAD, LVEF and high-frequency VT were 
examined for their influence on within-patient variability. For 


each patient the variance was estimated for VPCs, couplets . 


and VT runs on the log-transformed counts. These estimates 
were used as the response variables. The modified 2-aample 
t test was used to compare the variability of CAD (n = 57) vs 


non CAD (n = 63), high-frequency VT (n = 63) vs infrequent : 


VT (n = 47), and poor LVEF (n = 52) vs preserved LVEF (n 
= 58). To examine the simultaneous effects of these inde- 


pendent variables on the within-patient variability, multiple - 


linear regression was used. 


Results - 


Arrhythmia frequency in subgroups: The mean 
hourly frequency of VPCs, couplets and VT runs is 
listed in Table I for prognostically important subsets. 
Patients with CAD had significantly lower VPC and 
couplet frequencies than those without CAD.(both p 
<0.05). Also, the CAD UN had — lower 
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TABLE! Arrhythmia Frequency and Distribution During Placebo Therapy In 110 Patients 
with Ventricular Tachycardia in Investigational Antlarrhythmic Trials 


LVEF LVEF High-Frequency 
CAD Present CAD Absent <40% 2406 VT Group 
(n = 57) (n = 53) (n = 52) (n = 58) (n = 63) 
! 
VPCs/hour* 528 + 72 807 + 110 489 + 60 819 + 109 843 + 118 
l Couplets/hour* 28 +4 58+ 15 34 +6 50 + 14 70+ 13 
VT runs/hour* 2045 37 + 17 7+2 30 + 16 34+ 14 
Age (yr)! 60 + 8t 53 + 14 5749 56 + 14 57 + 12 
Sex (F/M) 12/45 20/33 6/46 26/32 15/48 
LVEFÍ 35 + 131 49 + 15 28 +8 5548 40+ 17 


* Mean + standard error; t mean + standard deviation. 
CAD = coronary artery disease; LVEF = left ventricular ejection fraction; VPC = ventricular premature 


complex; YT = ventricular tachycardia. 


mean LVEF than the group without CAD (p <0.001). 
Patients with high-frequency VT (10 or more VT 
runs/day) had lower LVEFs than those with infrequent 
VT (p <0.001). 

Distribution of nonsustained ventricular 
tachycardia: There was a wide range in distribution of 
VT runs in this population (Fig. 1). Approximately half 
of the patients (n = 63) had 10 or more VT runs/day. 
The study group included 34 patients with more than 
100 VIT runs/day. 

Calculation of arrhythmia reduction to establish 
drug effect: The minimum percent reduction of ar- 
rhythmia required to demonstrate a significant drug 
effect was determined for the entire group of 110 pa- 
tients using the method described in the preceding 
section. The results of this analysis for VPCs, couplets 
and VT is detailed in Table II. 

To illustrate the method used in calculating Table II 
we shall calculate the minimum percent VPC reduction 
necessary to document a drug effect when 2 days of 
control monitoring (n, — 2) and 2 days of treatment 
monitoring (n; = 2) are available. Using the VPC data 
from all 110 patients, the estimate of S2, from the 
ANOVA is 0.2866, so D is 


variability for VPCs in patients with CAD was greater 
than that in those without CAD (p = 0.01, 2-sided test). 
Even when the simultaneous effect of LV function was 
considered by multiple linear regression, patients with 
CAD had greater VPC variability than patients without 
CAD (p <0.05). Analysis for couplets and VT failed to 
confirm a significant difference in variability between 
patients with CAD and those without CAD. A similar 
analysis of variability of ventricular arrhythmias in 
patients with poor (LVEF less than 4096) vs preserved 
(LVEF 40% or more) LV function did not reveal a sig- 
nificant difference when analyzed with multiple linear 
regression. 

Table IV is presented in a similar format for the 63 
patients who averaged 10 or more VT runs/day. Com- 
pared to patients with infrequent VT, the patients with 
high-frequency VT had greater hourly VT variability 
(p <0.01). Even after adjusting for the presence or ab- 
sence of CAD and LV function by multiple linear re- 
gression, patients with high-frequency VT had signifi- 
cantly greater variability (p <0.05). As a result of this 
greater VT variability, an 85% VT reduction is necessary 
to infer drug effect rather than spontaneous variability 
if 1 day of control and 1 day of treatment ambulatory 
electrocardiographic recording is used. A similar table 


| 2v 0.28660% + 1%) = 1.071. (4) is not displayed for patients with low-frequency VT 
Therefore, the required percent VPC reduction is because the statistical method (ANOVA) used to de- 
100(1 — e7 1-972) = 65.7%. (5) 


In clinical practice one is usually interpreting the 
resul sof 1 (24-hour) control and 1 treatment ambula- 
tory ECG. If VPCs, couplets and VT runs are quantified 
for a single control 24-hour period, a treatment effect 
in an individual patient (Table II) can be inferred if the 
arrhythmia reductions of 78%, 83% and 77% are 
achieved for VPCs, couplets and VT runs, respectively. 
If longer periods of ambulatory monitoring are used to 
establish control and treatment effect, such as three 
24-hour ambulatory ECGs, a smaller percent arrhyth- 
mia reduction would be necessary to establish drug ef- 
fect rather than spontaneous variability at a significance 
Jevel of 0.05. 

Arrhythmia variability in clinical subsets: Table 
IMI considers the VPC variability of patients with CAD. 
Compared to patients without CAD, patients with CAD 
require a higher percent VPC reduction to infer drug 
effect at a significance level of 0.05. The within-patient 





1 2-8 8-2C 21-80 
Mean YT Runa/24 Hours 


51-100 11-499 2506 


FIGURE 1. Distribution of frequency of ventricular tachycardia (VT) runs 
in 110 patients referred for Investigational antiarrhythmic therapy— 
results of 4 consecutive days of ambulatory electrocardiographic 


' monitoring. 
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TABLE lf Minimal Percent Hourly Arrhythmla Reduction 
Necessary to Document "Drug Effect" Rather 
than Spontaneous Varlabllity Based on a 95 96 
Confidence Interval in 110 Patlents with 
Ventricular Tachycardia Enrolled in 
Investigational Antiarrhythmic Trials 


Length of 
AECG 
Monitoring 
_ (days) % Reduction Required 
eG T VPOCs/hour Couplets/hour VT/hour 
en 1 78 83 77 
2 2 66 72 64 
m 3 58 65 57 
4 4 53 59 52 
5 5 49 55 48 
6 6 46 52 45 
T 7 44 49 42 
3 7 52 58 51 
4 7 49 55 48 
4 10 47 53 46 
4 20 44 50 43 
AECG = ambulatory electrocardiographic recording; C = control; 
VPC = ventricular premature complex; T = treatment; VT = ventricular 


.tachycardia. 


TABLE ill Influence of Coronary Artery Disease on 
Spontaneous Variability of Ventricular 
Premature Complexes: Minimal Percent 
Ventricular Premature Complex Reductlons 
Necessary Compared to Those in Patients 
Without Coronary Artery Disease 

Length of AECG 96 VPC Reduction Required 
Monitoring (days) Sr 
ee ag ee CAD CAD 
C T Present Absent 
1 1 84* 64 
2 2 73 52 
3 3 66 45 
4 4 60 40 
5 5 56 37 
6 6 53 34 
7 7 50 32 
3 7 59 40 
4 7 56 37 
4 10 54 35 
4 20 51 33 


E. p «0.01 vs patlents without CAD. 
CAD = coronary artery disease; other abbreviations as In Table 
il. 


X of Patients 
with a 24-hr 





Mean Frequency of VT Rune/Day 


‘FIGURE 2. Mean frequency of dally ventricular tachycardia (VT) runs 
and percent of patlents with 1 or more ambulatory electrocardiographic 
(AECQ) recordings demonstrating absence of VT. 
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TABLE IV Minimal Percent Ventricular Tachycardia 
Reduction Necessary to Document “Drug 
Effect" Rather than Spontaneous Variability 
Based on a 8596 Confidence Interval: Analysis 
of the High-Frequency Ventricular Tachycardia 
(10 or More Runs/Day) In 63 Patients 


Length of AECG 

Monitoring (days) 
NEMUS EO 96 Reduction of 
VT Runs Required 


© 
4 
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10 55 
20 52 


Abbreviations as in Table Il. 
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termine minimum percent reduction is inappropriate 
to analyze such low-frequency events (Fig. 2). Of the 40 
patients with an average of 5 or fewer VT runs/day, 36 
(90%) had 1 or more ambulatory electrocardiographic 
recordings with no VT runs. Thus, anything less than 
total suppression of VT runs in this group may be a re- 
sult of variability alone. 

Arrhythmia reduction required using 1 or 2- 
tailed criteria: The analysis performed in Tables II, 
III and IV calculated percent reductions using 2-tailed 
criteria. Controversy exists regarding whether 1-tailed 
criteria or 2-tailed criteria should be used. Table V 
presents a comparison of these alternative criteria with 
the resultant difference on the minimum percentage 
reduction required. As expected, for all grades of ven- 
tricular arrhythmia, the percent reduction required is 
estimated to be smaller if a 1-tailed test is used. 


Discussion 


This study provides new observations of factors af- 
fecting the variability of complex ventricular arrhyth- 


mias, especially nonsustained VT, in patients at high : 


risk for sudden cardiac death.$? While confirming 
important previous observations,!?1916 the large patient 
population studied allows analysis of prognostic factors 
and offers practical guidelines with which to establish 
drug effect. J 

Comparison with previous studies—variability 
of ventricular premature complexes: The database 
analyzed in this paper, comprising 110 patients with 
nonsustained VT evaluated for an average of 4 days of 
ambulatory electrocardiographic recording, is sub- 
staritially larger than that in previous reports.12.13,15,16 


In the original study by Morganroth et al,!? 15 patients ` 


in clinically stable condition with at least 30 VPCs/hour 
were subjected to analysis of variance of hourly VPC 
frequency. Based on this analysis, Morganroth et al 
concluded that an 83% reduction in VPC frequency was 
necessary to establish drug effect, using 1 control and 
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TABLE V Minimal Percent Hourly Reduction Necessary to Document "Drug Effect" 
Rather Than Spontaneous Varlability Based on a 9596 Confldence Interval: 
Comparative Results Using One- or Two-Talled Criteria in 110 Patients with 


Ventricular Tachycardla 


Length of AECG VPOs/hour 
Monitoring (days) ——— ——PR€ 
SEDI —— 1-Tall 2-Tall 
C T Test Test 
* 1 1 71 78 
3 3 51 58 
3 7 46 52 
4 10 41 47 


Abbreviations as In Table ll. 


1 treatment 24-hour ambulatory ECG. Similarly, a 64% 
PVC reduction was necessary if 3-day control and 
treatment ambulatory ECGs were used to establish drug 
effect. Our patient population, although selected for the 
presence of nonsustained VT, was similar to the original 
15 patients in the study of Morganroth et al in that all 
patients had at least 30 VPCs/hour. The percent VPC 
reduction derived from our pooled data (Table II) is 
similar to that in the study of Morganroth et al!?: for 1 
day, 78% vs 83%, and for 3 days, 58% vs 65%. 

Both the present study and the study of Morganroth 
et al differ from that of Sami et al,!® who reported a 
lower “necessary” 65% reduction if 1-day control and 
treatment recording periods are used in patients with 
at least 30 VPCs/hour. The study by Sami et al differed 
significantly from this report in several important as- 
pects. First, only 2 ambulatory electrocardiographic 
recordings, separated by 2 weeks, were performed. 
Second; many patients were included with low (no more 
than 20 VPCs/hour) arrhythmia frequencies. Third, 
Sami et al used regression analysis instead of ANOVA 
and 1-tailed rather than 2-tailed criteria.16 

This! study documents a significantly higher VPC 
variability in patients with CAD than in patients 
without CAD, even when important covariables such 
as LV function are considered (Table IIT). The greater 
VPC variability i in patients with CAD may be of inde- 
pendent prognostic importance for assessing individual 
risk of sudden cardiac death, a possibility that has 
not been examined but may be worthy of further 
investigation. 

Variability of ventricular tachycardia: Michelson 
and Morganroth!® reported spontaneous variability 
data on 20 patients with repetitive VPCs (14 of whom 
had V'T). They determined that a 6596 reduction in the 
number of VT beats was necessary to establish drug 
efficacy (1 day of control and treatment monitoring). 
Based on our present experience with 110 patients with 
nonsustained VT (Table ID, a 77% reduction in VT runs 
is necessary if only 1 day of control and treatment am- 
bulatory electrocardiographic monitoring is performed, 
using a similar statistical approach. Figure 1 shows the 
distribution of our patients with reference to the num- 
ber of VT runs. The distribution of the runs of VT is 


96 Reduction Required 


Couplets/hour VT/hour 
1-Tall 2-Tail 1-Tall 2-Tall 
Test Test Test Test 

T1 83 70 77 
57 65 50 57 
51 58 44 51 
46 53 40 46 


similar to the distribution of nonsustained VT reported 
in previous large series. ^9:17 

Patients with high-frequency ventricular 
tachycardia: Analysis of the spontaneous variability 
in VT runs in patients with high-frequency VT is tab- 
ulated in Table IV. Given any length of monitoring 
duration, a greater variability was present in these pa- 
tients than in those with infrequent V'T requiring a 
higher percent reduction in VT runs to establish drug 
efficacy. A substantially higher VT reduction (e.g., for 
1-day control and test) is necessary than that reported 
by Michelson and Morganroth!? (85% vs 65%). This 
difference in VT variability was significant (p <0.05) 
even when both CAD and LVEF were included in a 
multiple regression model. Because of 2 patients with 
extremely high frequency VT (more than 1,800 VT 
runs/day), identical analysis for the high-frequency VT 
group was performed excluding these 2 patients, with 
no alteration in the results; thus, the higher variability 
in this group was not accounted for by these 2 unusual 
patients. 

Despite the important association of poor LV func- 
tion with complex ventricular arrhythmias and sudden 
death,19-3 we did not find a significant difference in 
VPC, couplet or VT variability in patients with poor vs 
preserved LV function when multiple linear regression 
was utilized. 

Low-frequency ventricular premature complex 
or ventricular tachycardia rates: For very low VPC 
frequencies, the data of Sami et al!® suggest that a 
nearly 100% VPC reduction is required to establish 
antiarrhythmic efficacy. Their predicted percent re- 
duction below 6 VPCs/hour is an extrapolation rather 
than based on patients with such low frequency rates; 
thus, it 1s really not known whether the assumptions 
required for this extrapolation are valid in this lower 
range. 

For all practical purposes, patients with very low VPC 
frequencies are seldom considered for treatment with 
antiarrhythmic drugs. However, based on data from 
multiple prospective studies, patients with even 1 run 
of nonsustained VT during the recovery phase of myo- 
cardial infarction are at risk for sudden cardiac 
death.?4-?/ Also, patients with nonsustained VT almost 
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always have TE HE VPCs, as is the case in the . 


. present report in which all 110 VT patients had at least 
30 VPCs/hour. Since suppression of VT runs is con- 
-sidered an important criteria by which to judge drug 
efficacy when using ambulatory electrocardiographic 
recording,” we did analyze patients with very low fre- 
quency VT. Forty patients had an average of 5 or fewer 
VT runs/24 hours (Fig. 1). In 9096 of these patients 1 or 
: more of the 4 consecutive ambulatory ECGs had no VT 
runs (Fig. 2). Therefore, for all practical purposes, 
` analysis of variance to create tables to establish percent 
suppression of VT runs is not relevant in patients with 
very low daily VT frequency. However, these same pa- 
tients almost always have high-frequency VPCs and 
couplets, so that tables establishing percent VPC and 
-couplet reduction are still useful as guidelines for es- 
tablishing drug effect. 
` Practical consideration of alternative statistical 
- approaches: As previously mentioned, different in- 
vestigators have used either 1- or 2-tailed criteria to the 
issue of arrhythmia variability. A 2-tailed criterion 
means that the hypothesis of no difference between 
control and treatment periods will be rejected if the 
treatment period has a mean value that is significantly 
larger than or smaller than the control period. A 1-tailed 
criterion considers a difference only in 1 direction; Using 


the 2-tailed approach yields a more conservative as-. 


sessment of the required minimum percent reduction 
(i.e., a larger percent reduction is needed using a 2- 
‘tailed criterion compared with a 1-tailed criterion). 
Antiarrhythmic drugs may also aggravate as well 
. as decrease arrhythmia frequency,” and therefore one 
cannot make thé assumption inherent in a 1-tailed 
. test. 
The relative merita of different methods to analyze 
, variability of arrhythmias were recently reviewed by 
Berry and Fox.?? They proposed a linear regression 
model that examines drug effect of each individual 
patient. A similar model could be used in this study to 
examine spontaneous variability within each individual 
patient. However, there are practical limitations to 
fitting a linear regression model to each of the 110 pa- 
tients and verifying the adequacy of the model for each 
patient. Furthermore, in considération of the large 
sainple size available for thé present analysis, a good 
estimate of the within-patient variability can be ob- 
tained by using the pooled estimate from the analysis 
of variance. A similar database has not previously been 
available for analysis in other studies in which grouping 
has been advocated.1213:15 The approach of Berry and 
Fox also has questionable practical applicability be- 
cause it requires appropriate computer facilities; thus, 
it awaits clinical trial. 

The new observations of greater VPC variability i in 
"patients with CAD and greater VT variability in pa- 
‘tients with high-frequency VT imply that arrhythmia 
variability itself may be an independent risk faetor 
'for sudden death, a possibility that merits further 
investigation. 


: 20. Multicenter Post-infarction Research Group. 
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INOCOR lactate injection, brand of amrinone lactate, represents anew class of cardiac 
inotropic agents with vasodilator activity, distinct from digitalis glycosides or 
catecholamines. 

INDICATIONS AND USAGE (INOCOR lactate injection is indicated for the short-term 
management of congestive heart failure in patients who can be closely monitored and 
who have not responded adequately to digitalis, diuretics, and/or vasodilators.) 

INOCOR lactate injection is indicated for the short-term management of conges- 
tive heart failure. Because of limited experience and potential for serious adverse 
effects (see ADVERSE REACTIONS), INOCOR should be used only in patients who can 
be closely monitored and who have not responded adequately to digitalis, diuretics, 
and/or vasodilators. Although most patients have been studied hemodynamically for 
periods only up to 24 hours, some patients were studied for longer periods and 
demonstrated consistent hemodynamic and clinical effects. The duration of therapy 
should depend on patient responsiveness 
CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients who 
are hypersensitive to it 

Itis also contraindicated in those patients known to be hypersensitive to bisulfites 
PRECAUTIONS General: INOCOR lactate injection should not be used in patients with 
Severe aortic or pulmonic valvular disease in lieu of surgical relief of the obstruction 
Like other inotropic agents, it may aggravate outflow tract obstruction in hypertrophic 
subaortic stenosis 

During intravenous therapy with INOCOR lactate injection, blood p@essure and 
heart rate should be monitored and the rate of infusion slowed or stopped in patients 
showing excessive decreases in blood pressure. 

Patients. who have received vigorous diuretic therapy may have insufficient 
cardiac filling pressure to respond adequately to INOCOR lactate injection, in which 
case cautious liberalization of fluid and electrolyte intake may be indicated. 

Supraventricular and ventricular arrhythmias have been observed in the very 
high-risk population treated. While amrinone per se has not been shown to be 
arrhythmogenic, the potential for arrhythmia, present in congestive heart failure itself, 
may be increased by any drug or combination of drugs 

Thrombocytopenia and hepatotoxicity have been noted (see ADVERSE 
REACTIONS). 

LABORATORY TESTS Fluid and electrolytes: Fluid and electrolyte changes and renal 
function should be carefully monitored during amrinone lactate therapy. Improvement 
in cardiac output with resultant diuresis may necessitate a reduction in the dose of 
diuretic. Potassium loss due to excessive diuresis may predispose digitalized patients 
to arrhythmias, Therefore, hypokalemia should be corrected by potassium supple- 
mentation in advance of or during amrinone use 

DRUG INTERACTIONS In a relatively limited experience, no untoward clinical mani- 
festations have been observed in patients in whom INOCOR lactate injection was used 
concurrently with the following drugs: digitalis glycosides, lidocaine, quinidine, meto 
prolol, propranolol; hydralazine, prazosin, isosorbide dinitrate, nitroglycerine; chlorthali 
done, ethacrynic acid, furosemide, hydrochlorothiazide, spironolactone, captopril, 
heparin, warfarin, potassium supplements, insulin, diazepam 

One case of excessive hypotension was reported when amrinone was used 
concurrently with disopyramide. 

Until additional experience is available, concurrent administration with Norpace* 
disopyramide should be undertaken with caution. 

USE IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended for use in 
acute myocardial infarction 

USE IN CHILDREN Safety and effectiveness in children have not been established 
USE IN PREGNANCY Pregnancy category C: In New Zealand white rabbits, amrinone 
has been shown to reduce fetal skeletal and gross external malformations at oral doses 
of 16 mg/kg and 50 mg/kg that were toxic for the rabbit, Studies in French Hy/Cr rabbits 
using oral doses up to 32 mg/kg/day did not confirm this finding. No malformations 
were seen in rats receiving amrinone intravenously at the maximum dose used, 
15 mg/kg/day (approximately the recommended daily IV dose for patients with con- 
gestive heart failure). There are no adequate and well-controlled studies in pregnant 
women. Amrinone should be used during pregnancy only if the potential benefit 
justifies the potential risk to the fetus. 

USE IN NURSING MOTHERS Caution should be exercised when amrinone is 
administered to nursing women, since it is not known whether it is excreted in human 
milk 

ADVERSE REACTIONS Thrombocytopenia: Intravenous INOCOR lactate injection 
resulted in platelet count reductions to below 100,000/mm? in 2.4% of patients 
Gastrointestinal effects: Gastrointestinal adverse reactions reported with INOCOR 
lactate injection during clinical use included nausea (1.7%), vomiting (0.9%), abdominal 
pain (0.4%), and anorexia (0.4%), 

Cardiovascular effects; Cardiovascular adverse reactions reported with INOCOR 
lactate injection include arrhythmia (3%) and hypotension (1.3%) 

Hepatic toxicity: In dogs, at IV doses between 9 mg/kg/day and 32 mg/kg/day, 
amrinone showed dose-related hepatotoxicity manifested either as enzyme elevation 
or hepatic cell necrosis or both. Hepatotoxicity has been observed in man following 
long-term oral dosing and has been observed, in a limited experience (0.2%), following 
IV administration of amrinone 

Hypersensitivity: There have been reports of several apparent hypersensitivity reac- 
tions in patients treated with oral amrinone for about two weeks. Signs and symptoms 
were variable but included pericarditis, pleuritis, and ascites (one case); myositis with 
interstitial shadowing on chest x-ray and elevated sedimentation rate (one case); and 
vasculitis with nodular pulmonary densities, hypoxemia, and jaundice (one case). The 
first patient died, not necessarily of the possible reaction, while the last two resolved 
with discontinuation of therapy. None of the cases were rechallenged, so attribution to 
amnnone Is not certain, but possible hypersensitivity reactions should be considered in 
any patient maintained for a prolonged period on amrinone 

General: Additional adverse reactions observed in intravenous amrinone clinical 
ra include fever (0.9%), chest pain (0.2%), and burning at the site of injection 
(0.2%). 

OVERDOSAGE Doses of INOCOR lactate injection may produce hypotension 
because of its vasodilator effect. If this occurs, amrinone administration should be 
reduced or discontinued. No specific antidote is known, but general measures for 
circulatory support should be taken 

MANAGEMENT OF ADVERSE REACTIONS Platelet count reductions Asympto 
matic platelet count reduction (to less than 150,000/mm?) may be reversed within one 
week of a decrease in drug dosage. Further, with no change in drug dosage, the count 
may stabilize at lower than predrug levels without any clinical sequelae. Predrug platelet 
counts and frequent platelet counts during therapy are recommended to assist in 
decisions regarding dosage modifications. 

Should a platelet count less than 150,000/mm? occur, the following actions may be 
considered 
* Maintain total daily dose unchanged, since in some cases counts have either 

stabilized or returned to pretreatment levels 
* Decrease total daily dose 
* Discontinue amrinone if, in the clinical judgment of the physician, risk exceeds the 
potential benefit 
Gastrointestinal side effects: While gastrointestinal side effects were seen infrequently 
with IV therapy, should severe or debilitating ones occur, the physician may wish to 
reduce dosage or discontinue the drug based on the usual benefit-to-risk 
considerations. 
Hepatic toxicity: In clinical experience to date with IV administration, hepatotoxicity has 
rarely been observed. If acute marked alterations in liver enzymes occur together with 
clinical symptoms, suggesting an idiosyncratic hypersensitivity reaction, amrinone 
therapy should be promptly discontinued 

If less than marked enzyme alterations occur without clinical Symptoms, these 
nonspecific changes should be evaluated on an individual basis. The clinician may 
wish to continue amrinone and reduce the dosage or discontinue the drug based on 
the usual benefit-to-risk considerations 
HOW SUPPLIED Ampuls of 20 mL sterile, clear yellow solution containing INOCOR 
9 mg/mL, box of 5 (NDC 0024-0888-20) Each 1 mL contains INOCOR lactate 
equivalent to 5-mg base and 0.25 mg sodium metabisulfite in water for injection 
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. with! 1 to 3 extrastimull was performed at.current 
strengths of twice diastolic threshold (1.0 + 0:2 mA, 
mean + standard deviation) and 10 mA in 41 pa- 
telo undergoing an electrophysiologic study be- 

of sustained ventricular tachycardla (VT) (11 
pati ), nonsustained VT (19 patients) or unex- 
plained syncope (11 patlents). In 26 patients, VT 
was not induced by programmed stimulation at twice 


diastolic threshold. Programmed stimulation at 10: 


mA induced VT or ventricular fibrillation In 16 of 


these 26 patients (62%). In 4 of 16 patients, the. 


coupll ng intervals of the extrastimull that induced 
VT/v intricular fibrillation at 10 mA were all equal 
to or longer than the shortest coupling intervals re- 
sulting in ventricular capture at twice diastollc 

Whip Fifteen patients had Inducible VT at twice 
diaetol c threshold. Programmed stimulation at 10 
mA Induced a similar VT In 12 of these patients, but 


resulted In no VT induction In 3 of 15 patients (20%), 
despite ventricular capture at the same coupling 





Progra 
performed with a stimulus current strength 2 times the 
diastolic excitability threshold. However, a wide variety 
of other current strengths has also been used in some 
electrophysiology laboratories, ranging from 4 times the 


diastolic threshold to 20 mA: 1-5 Some reports indicate ` 


that programmed stimulation with current strengths 
greater 
increased yield of clinically meaningful ventricular 
arrhyt 


tion c Eur simply increased the yield of nonclinical 
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ed ventricular stimulation is most frequently ` 


an twice diastolic threshold result in an . 


^5; others indicate that high stimula- . 


Programmed stimulation at 2 right ventricular sites intervals that had. Induced VT at twice diastolic 


threshold. | 

This study shows that programmed stimulation at 
a high current strength may elther facilitate or pre- 
vent induction of VT. Facilitation of VT induction 
usually is attributable to a shortening of ventricular 
refractoriness and the abllity of extrastimuli at 10 
mA to capture the ventricle at shorter coupling In- 
tervals than possible at twice diastolic threshold. 
However, In 25% of. cases, the facilitation of VT 


. induction by 10-mA stimuli Is not explained by a 


shortening of ventricular refractoriness. In these 
cases, and in the patients In whom 10-mA stimull 
prevent the Induction of VT that was inducible at 
twice diastolic threshold, the effects of high current 


strength appear to be mediated through some other. 

mechanism: Other possible mechanisms Include an: 

effect on temporal dispersion of refractoriness or on 
the putem or extent of ventricular activation. l 


‘arrhythmias rather than those that are clinically 


significant. 6T: 
Aside from the issue of hellen the induced ar- 


| rhythmia is clinically meaningful, it is nevertheless clear 


that a high stimulation current more often results in the 


induction of ventricular tachycardia (VT) than does a ` 
current strength that is twice diastolic threshold.. 
However, the mechanism by which a high stimulation: 
, current affects the results of programmed ventricular 


stimulation is not clear. Although prior studies have 


investigated the effects of graded stimulation currents 
" on the-induction of VT or ventricular fibrillation (VF) 


in animals,?? the mechanism by which an increased 
stimulus strength affects the induction of VT in humans 


has not been investigated in a systematic fashion. 


''his prospective study compares the effects of high 


and low current strength on the induction of VT in an: 


attempt to clarify how an increase in the stimulus cur- 


(Am J Cardiol 1985; 56:73- 13) 
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rent —" affects the ae of programmed ven- 
tricular stimulation. ! 
Methods 

'The subjects in this prospective study included 41 patients 
who were referred to the University of Michigan Medical 
Center for an electrophysiologic study because,of sustained 
VT (11 patients), nonsustained VT (19 patients) or unex- 
plained syncope (11 patients). There were 29 men and 15 
women, mean age 53 + 16 years. Nineteen patients had coro- 
nary artery disease and a history of a myocardial infarction, 
12 had an idiopathic dilated cardiomyopathy, and 10 had no 
identifiable structural heart disease. 
. After the patients gave informed consent, they underwent 
an electrophysiologic study in the fasting, unsedated state, 
at least 4 half-lives after discontinuation of antiarrhythmic 
drugs. Twelve patients were being treated with digoxin, which 


was not discontinued. Two quadripolar electrode catheters . 


were inserted percutaneously into a femoral vein and posi- 
tioned in the appropriate cardiac chamber. After the com- 
pletion of atrial stimulation whenever clinically indicated, the 
electrode catheters were positioned against the apex and 
outflow tract of the right ventricle. Electrocardiographic leads 
V;, Land III, and intracardiac right ventricular electrograms 
were displayed on an oscilloscope and recorded at a paper 
speed of 25 to 100 mm/s with an Electronics for Medicine VR 
12 recorder. Pacing was performed with a programmable 
stimulator (Bloom Associates). The stimuli had à pulse width 
of 2 ma. 


Sustained VT was defined as VT lasting 30 seconds or. 


longer or requiring direct-current countershock or overdrive 
pacing for termination. Nonsustained VT was defined as VT 
at least 4 beats in duration, terminating spontaneously within 
30 seconds. 

The following stimulation. protocol was used. Stiniulation 
was initially performed with a current strength that was 2 
times the diastolic stimulation threshold. The mean current 
strength was 1.0 + 0.2 mA (range 0.6 to 1.5). Using a drive train 
of 6 to 8 stimuli at a cycle length of 600 or 500 ms, programmed 
stimulation was performed with a single extrastimulus (S2), 
then double extrastimuli (S283) at the right ventricular apex. 
This was repeated using a drive cycle length of 400 ms. Single 
and double extrastimuli were then introduced at the right 
ventricular outflow tract using the same 2 drive cycle lengths 
that were used at the right ventricular apex. Programmed 
stimulation was then performed using 2 drive cycle lengths 
at the right ventricular apex with triple extrastimuli (82938) 
with Ss and Sg initially positioned 30 ms beyond their re- 
spective points of ventricular refractoriness, and S4 positioned 
300 ms beyond S3. Diastole was scanned with SeS3S, in 10-ms 
steps. Triple extrastimuli were then introduced at the right 
ventricular outflow tract. The endpoint for the stimulation 
protocol performed at a current strength of twice diastolic 
threshold was either 1 induction of VT or VF requiring di- 
rect-current countershock for termination, or 2 or more 
inductions of sustained VT not requiring direct-current 
countershock. 

After completion of programmed stimulation at a oiite 
strength of twice diastolic threshold, the current strength was 
increased to 10 mA and the stimulation protocol previously 
described was repeated without changing the positions of the 
catheters. Because of time constraints, in some patients, 
programmed stimulation at 10 mA was performed at only 1 
right ventricular site. The endpoints for the stimulation 
protocol at a current strength of 10 mA included the same 
endpoints used with a current strength of twice diastolic 
threshold; in addition, to minimize the need for direct-current 


Ta 


countershock, the stimulation protocol at 10 mA was discon- 
tinued after 2 inductions of nonsustained polymorphic VT 
longer than 3 seconds in duration. 

Whenever 1 of the arrhythmia endpoints was reached 
during stimulation at 10 mA, the coupling intervals of the 
extrastimuli that resulted in VT induction were held constant, 
and stimulation was repeated after the current strength was 
decreased. back to twice diastolic threshold. 


Results 


Programmed stimulation at a current strength 
of 10 mA ixi patients without inducible ventricular 
tachycardia at twice diastolic threshold: In 26 pa- 
tients, V'T' was not induced by programmed stimulation 
at a current strength of twice diastolic threshold. Pro- 
grammed stimulation at a current strength of 10 mA 
resulted in tlie induction of nonsustained polymorphic 
VT in 6 patients (23%), sustained polymorphic VT in 
2 patients (8%), sustained unimorphic VT in 3 patients 
(12%), and VF in 5 patients (19%) (Table I). Among 
these 16 patients in whom VT or VF was induced only 
by stimulation at a current strength of 10 mA, double 
extrastimuli were required in 3 patients and triple ex- 
trastimuli in 13. ` 

In 4 patients (nos. 1 to 4), the coupling intervals of the 
extrastimuli that induced VT or VF at a current 
strength of 10 mA were all either equal to or longer than 
the shortest coupling intervals that resulted in ven- 
tricular capture at a current strength of twice diastolic 
threshold (Table I). After VT or VF was induced at a 
current strength of 10 mA, stimulation with the same 
number of extrastimuli and the same coupling intervals 
at twice diastolic. threshold resulted in ventricular 
capture without the induction of VT or VF in 3 of the 
4 patients (Fig. 1). In 1 of the 4 patients (no. 4), when the 
current strength was lowered to twice diastolic thresh- 
old, the extrastimuli did not all capture the ventricle. 

In 12 patients (nos. 5 to 16), the coupling intervals of 
the extrastimuli that induced V'T or VF at a current 
strength of 10 mA were shorter than the shortest cou- 
pling intervals that had resulted in ventricular capture 
during initial stimulation at twice diastolic threshold 
(Table I). A return to twice diastolic threshold with the 
same coupling intervals that had induced VT at a cur- 
rent strength of 10 mA resulted in incomplete ventric- 
ular capture, and consequently no induced VT, in 10 . 
patients. However, in 2 patients (nos. 15 and 16), ex- 
trastimuli at coupling intervals that had initially failed 
to completely capture the ventricle did so after stimu- 
lation at 10 mA had induced VT. In these 2 patients, 
repeat stimulation at twice diastolic threshold with 
coupling intervals identical to those that had induced 
VT at 10 mA resulted in the induction of VT in 1 pa- 
tient, but not the other. 

Programmed stimulation at a current strength of 10 
mA failed to induce VT in 10 patients who did not have 
inducible VT at twice diastolic threshold. When the 16 
patients with inducible VT were compared with the 10 
patients without inducible VT at a current strength 
of 10 mA, there was a higher prevalence of coronary ar- 
tery disease i in the former group (8 of 16 vs 1 of 10, 
p <0.05). l 
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TABLE! Ventricular Tachycardia Induction at a Current Strength of 10 mA in Patients 
Without Inducible Ventricular Tachycardia at Twice Diastolic Threshold 
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Heart Shortest Cls Cls that Induced VT Induced Capture VT Induced 
| Pt Disease at 2X DT (ms)" VT at 10 mA (ms) at 10 mA at2X DT! at 2x DTT 
| 1 CAD 230/180/180 240/190/200 P, 7 sec T 0 

2 CAD 250/210/210 260/220/280 U, S F 0 
| 3 IDC 230/160/150 230/160/180 VF, S + 0 
| 4 | NSHD 230/190/160 230/200/160 P, 12 sec 0 0 

b | CAD 240/220 230/160 P, 12 sec 0 0 
| 6 — NSHD 290/230/190 260/220/210 P, 24 beats 0 0 
| 7 | NSHD 220/180/160 220/160/140 P, 9 beats 0 0 

» 8 | CAD 270/230 270/220 PS 0 0 

9 IDC 290/270/240 290/250/230 U,S 0 0 

10 CAD 280/240/230 280/220/220 U, S 0 0 

| 11 — NSHD 250/ 180/180 240/190/170 VF, S 0 0 

| 12 CAD 220/190/190 230/180/170 VF, S 0 0 

| 13 CAD 220/170/130 240/150/130 VF, S 0 0 

| 14 IDC 230/170/160 220/130/130 VF,S 0 0 
| 15 CAD 270/240 260/180 P, T P (S) 

| 18 | NSHD 260/210/190 260/190/180 P, 9 beats t 0 

| s 


Shortest coupling Intervals (S,52/S2S4/S,S,) associated with ventricular capture at current strength < 
of twice diastolic threshold, before programmed stimulation at 10 mA. The drive cycle length In each case 
was the same as that used to Induce ventricular tachycardia (VT) at 10 mA. 

t Refers to ventricular capture or VT induction at twice diastolic threshold, after induction of VT/ventricular 
fibrillation at 10 mA, with the same number of extrastimull and coupling intervals that induced VT/ventricular 
fibrillation at 10 mA. 

CAD = coronary artery disease; Ci = ling Interval; IDC = Idiopathic dilated cardiomyopathy; NSHD 
= no structural heart disease; P = polymorphic; S = sustained: VF = ventricular fibrillation; VT = ventricular 
tachycardia; U = unimorphic, 2X DT = twice diastolic threshold; + = yes; 0 = no. 


A. B. 
L jte LoT ob geh p p 499 T Lot T d 


500/240/ 190/200 500/240/190/200 
Pr AAA AAA AAA. 
5 94 $| 5152 54 





RV 
OT i l 
C. D. 
| de] | d d] | [dq moe d gd og! dg og.;!» | 
Sy Snc CIVIC esses un 
500/240/190/200 500/240/190/200 


PPL PEPE EAN IIIA 
| SERS $1 $5454 


| | ry 


FIGURE 1. stimulation at the right ventricular outflow tract in patient 1, at a drive cycle length (8,94) of 500 ms, and with S,92/8553/8434 
Intervais of 240/190/200 ms. Top to bottom, leads V;, Land Ill, and an electrogram recorded at the right ventricular outflow tract (RVOT). Time 
lines represent 500-ms intervals. A, when the current strength was twice diastolic threshold (1 mA), ventricular tachycardia (VT) was not Induced. 
B, after the current strength was Increased to 10 mA, 7 seconds of polymorphic VT (mean cycle length 220 ms), was induced. C, when the current 
strength was decreased back to 1 mA, there was again ventricular capture by ail of the extrastimuli, but VT was not induced. D, an Increase in current 
strength to; 10 mA again resulted In the Induction of nonsustained polymorphic VT lasting 5 seconds. 
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VENTRICULAR TACHYCARDIA INDUCTION 


‘TABLE li Ventricular Tachycardia Induction at a Current Strength of 10 mA In Patients 
With Inducible Ventricular Tachycardla at Twice Diastolic Threshold 


Heart Cls that induced VT Induced VT induced 
Pt Disease VT at 2X DT (ms) at 2X DT Cis at 10 mA (ms)* at 10 mA 
17 NSHD 250/210/2001 P, 13 beats 250/190/170 : 0 
18 CAD 2860/2 10/210 RBBB, S 260/190/200 0 
19 CAD 240/200 RBBB, 13 beats . 240/180 0 
20 NSHD 230/180/170 P, 8 sec 230/180/170 P,S 
21 CAD 220/ 160/140 P, 9 beats 230/180/210 P, 21 beats 
22 IDC 140/130 P, 5 sec 200/140/140 P,S 
23 CAD 220/160/150 P, 8 beats 220/160/150 P, 8 sec 
24 CAD 250/190/180 P,S 250/180/170 . P, 4 sec 
25 CAD 240/190 PS 240/190 P, 7 sec 
26 CAD 260/230 RBBB, 20 sec 260/260 RBBB, 18 sec 
27 IDC 260/190/170 RBBB, 12 sec 260/190/170 RBBB, 15 sec 
28 NSHD 230 LBBB, 11 sec 200 LBBB, 7 sec 
29 CAD 290/280 LBBB, S 290/250- LBBB, S 
30 CAD 270/220/210 LBBB, S 280/210/200 LBBB, S 
31 CAD 270/210/180 RBBB, S 270/200/170 RBBB, S 


g ling Intervals that resulted in induction of ventricular tachycardia or when ventricular tachycardia 


- 


T $492/8584/858, intervals in milliseconds. 


was not induced were the shortest coupling intervals associated with ventricular capture. 


LBBB = left bundle branch block configuration; RBBB = right bundle branch block configuration; other 


abbreviations as In Table |. 


Programmed stimulation at a current strength 
of 10 mA in patients with inducible ventricular 
tachycardia at twice diastolic threshold: Fifteen 
patients had inducible VT at a current strength of twice 
diastolic threshold. The VT was polymorphic in 8 pa- 
tients and unimorphic in 7; it was induced by a single 
extrastimulus in 1 patient, double extrastimuli in 2 
patients, and triple extrastimuli in 12 patients. Pro- 
grammed stimulation at a current strength of 10 mA 
also resulted in the induction of VT in 12 of these 15 
patients (Table II). However, in 3 patients who had 
inducible VT at a current strength of twice diastolic 
threshold, VT was not induced by programmed stimu- 


lation with up to 3 extrastimuli at a current strength of . 


10 mA (Fig. 2). In each of these 3 patients, the shortest 
coupling intervals associated with ventricular capture 
at 10 mÀ were all equal to or shorter than the coupling 
intervals that had resulted in VT induction-at twice 
diastolic threshold. 

Among the other 12 patients with inducible VT at 
twice diastolic threshold, programmed stimulation at 
10 mA induced VT that was similar in configuration and 
cycle length, with the same number of extrastimuli and 
similar coupling intervals. 


Discussion 


The results of this study indicate that programmed 
stimulation with a high-current strength (10 mA) in- 
duces VT or VF in a large proportion (52%) of patients 
who do not have inducible VT or VT at a current 
strength of twice diastolic threshold. In many patients 
(75%), this discordant response to programmed ven- 
tricular stimulation may be explained by the ability of 
extrastimuli at 10 mA to capture the ventricle at shorter 
coupling intervals than is possible when the current 
strength is twice diastolic threshold. 

In accord with the above-mentioned finding are the 
results of prior experimental studies.95? Michelson et al? 
reported that the use of increased current strength fa- 


cilitated the induction of VT in a chronic canine model 


of myocardial infarction by its effects on ventricular 
refractoriness; the induction of V'T' by pacing stimuli of 
high-current strength was always attributable to ven- 
tricular capture at coupling intervals that could not be 
attained when the current strength was twice diastolic 
threshold. Also, Hamer et al? reported that the ability 
to capture the ventricle at shorter coupling intervals was 
almost always the mechanism by which pacing stimuli 
of high-current strength induced VF in the normal ca- 
nine heart in which VF could not be induced when the 
stimuli were twice diastolic threshold. 

In 2596 of patients in this study in whom VT or VF 
was induced by extrastimuli of 10 mA but not twice 
diastolic threshold, the discordant response was not 
attributable to a difference in coupling intervals. This 
observation suggests that at least in some patients, a 
high current strength facilitates the induction of ven- 
tricular arrhythmias by a mechanism other than simply 
allowing extrastimuli to capture the ventricle at shorter 
coupling intervals. At least 2 other mechanisms are 
possible. First, a high current strength may facilitate the 
initiation of VT or VF by an effect on recovery of exci- 
tability. In the open-chest dog, Spear et al? showed that 
an increase in current intensity increased the temporal 
dispersion in recovery of excitability in the myocardium 
surrounding the stimulation site, thereby lowering the 
VF threshold. A second mechanism by which a high- 
current strength may facilitate the induction of VT or 
VF is by depolarizing more myocardial cells than does 
a stimulus of twice diastolic threshold. This might alter 
the pattern of ventricular activation in such a way as to 
favor the initiation of reentry, or might allow for depo- 
larization of a region of myocardium containing a po- 
tential substrate for reentry. 

Although a current strength of 10 mÀ usually facili- 
tated the induction of VT, the opposite was also 
observed. When the current strength was increased to » 
10 mA, VT was no longer inducible in 20% of patients 
who had inducible VT at twice diastolic threshold, de- 
spite ventricular capture at the same coupling intervals 
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weds 2. Fonema stimulation at the right ventricular outflow tract in patient 17, at a drive cycle length (SS) of 500 ms. Top to bottom, leads 
Vad jand lll, and an electrogram recorded at the right ventricular outflow tract. Time lines represent 500-ms intervals. A, when the current strength 
Was iwice diastolic threshold (1 mA) and the 3152/5294 intervals were 240/200 ms, a 13-beat run of polymorphic ventricular tachycardia (VT) (mean 
cycle length 270 ms), was Induced. B, an Increase In current strength to 10 mA resulted in ventricular capture, but VT was not induced. C, at current 
of 1 mA, 8482/8585 intervals of 240/180 ms also Induced polymorphic VT (24 beats). D, an increase In current strength to 10 mA again resulted 


in ventricular capture without the Induction of VT. 


at both levels of current strength. This observation 
provides additional evidence that an increase in current 
strength may affect VT induction in some way other 
than simply shortening ventricular refractoriness. An 
effect on temporal dispersion in recovery of excitability 
or on the pattern of ventricular activation, while facil- 
itating the induction of reentry in some patients, may 
also prevent the initiation of reentry in some patients 
who have the appropriate substrate for reentry when the 
current strength is twice diastolic threshold. Brugada 
et al,’ in a preliminary report, found that in a group of 
20 patients with clinically documented VT, VT was 
induced by stimulation only at twice diastolic threshold, 
and not by stimulation at 20 mA, in 9 patients (45%). 
In 2 patients (nos. 15 and 16), stimuli at twice dia- 
stolic threshold captured the ventricle at the same 
coupling intervals that induced VT at 10 mA, but only 
after had been induced by the 10 mA stimuli. The 
pation for this phenomenon is unclear; one pos- 
sibili 
results i in the release of catecholamines that shorten 
ventricular refractoriness, thereby enabling stimuli at 
twice!diastolic threshold to capture the ventricle. In 
patient 15 the extrastimuli at twice diastolic threshold 
did sübsequently induce sustained polymorphic VT, 
i : . 


is that the induction of VT by 10-mA stimuli’ 


similar to the VT that had been induced by stimulation 
at 10 mA. In this patient VT induction clearly was de- 
pendent only on ventricular capture at critical coupling 
intervals and not on the stimulus current strength per 
se. However, in patient 16, extrastimuli at twice diastolic 
threshold did not induce VT even after ventricular 
capture became possible at the same coupling intervals 
that resulted in VT induction at 10 mA. This result in- 
dicates that when high current strength facilitates the 
induction of VT at coupling intervals that did not cap- 
ture the ventricle at twice diastolic threshold, the pos- 
sibility is not ruled out that a mechanism other than 
shortening of ventricular refractoriness is responsible 
for the induction of VT. 

Among the patients without inducible VT at twice 
diastolic threshold, the only discernible difference be- 
tween the patients in whom a current strength of 10 mA 
did and those in whom it did not facilitate VT induction 
was that there was a higher prevalence of coronary artery 
disease in the group that did have inducible VT at 10 
mA. This finding suggests that the facilitation of VT 
induction by the use of a high stimulus current strength 
may be more common in patients who have coronary 
artery disease. This possibility is consistent with the 


finding that coronary occlusion in the dog augments the 


`~ 
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increase in temporal dispersion in recovery of excit- 
ability that occurs as the stimulus current strength 
increases.19 

When programmed stimulation with a current 
strength of both twice diastolic threshold and 10 mÀ 
induced VT, the configuration of the VT was similar at 
both current strengths, as were the number of extra- 
stimuli and the coupling intervals that induced the VT. 
Unimorphic V'T was induced in patients with docu- 
mented unimorphic VT and was thought to be a clini- 
cally meaningful response. However, the polymorphic 
VT was induced either in patients with documented 
unimorphic VT or in those with unexplained syncope, 
and was believed to be a laboratory artifact rather than 
a clinically significant arrhythmia. Among the patients 
in whom polymorphic VT was induced at a current 
strength of twice diastolic threshold, an increase in the 
current strength to 10 mA never resulted in the induc- 
tion of unimorphic V'T. Furthermore, in only 3 of 16 
patients who had an inducible arrhythmia at 10 mA and 
not twice diastolic threshold was the induced arrhyth- 
mia a unimorphic VT. Although this study was not in- 
tended to address the issue of relative sensitivity and 
specificity of stimulation protocols with, high and low 
current strength, these observations suggest that the use 
of a stimulus current strength of 10 mA may compro- 
mise the specificity of stimulation protocols to a much 
greater degree than it enhances sensitivity. Pre- 
liminary reports on the sensitivity and specificity of 


programmed ventricular stimulation protocols using . 


- current strengths of 10 or 20 mA have found this to be 
. the case.” 

The principal limitation of the present study is the 
inability to guarantee the reproducibility of all induced 
arrhythmias. Arrhythmias requiring direct-current 
countershock were induced only once at a given current 
strength to avoid subjecting patients to multiple shocks. 
Therefore, a discordant response to stimulation at twice 
diastolic threshold and 10 mA may be attributable to 
nonreproducibility of arrhythmia induction instead of 
a change in the stimulus current strength. To minimize 
the likelihood of this possibility, discordant responses 
to stimulation at the high and low current strengths 
were confirmed whenever feasible by immediately al- 
ternating between the 2 current strengths. 

In conclusion, this study has demonstrated that 
programmed stimulation at a high current strength may 


€—— mamm 
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either facilitate or prevent the ndatan of VT. Facili- 
tation of VT induction is most often attributable to a 
shortening of ventricular refractoriness and the ability 
of extrastimuli at 10 mA to capture the ventricle at 
shorter coupling intervals than is possible at twice di- 
astolic threshold. However, in at least 25% of cases, the 
facilitation of VT induction by 10 mA stimuli cannot be 
explained by a shortening of ventricular refractoriness. 
In these cases, and in the patients in whom 10-mA 
stimuli prevented the induction of VT that was induc- 
ible at twice diastolic threshold, the effects of fiigh 
current strength appear to be mediated through some 
other mechanism. Other possible mechanisms include 
an effect on temporal dispersion of refractoriness or on 
the pattern or extent of ventricular activation. 

A clinical implication of this study is that pro- 


' grammed ventricular stimulation at a high current 


strength should always be preceded by stimulation at ` 
twice diastolic threshold. The immediate use of pacing 
stimuli of high current strength may not only result in 
a high incidence of arrhythmias that are not clinically 
meaningful, but also may prevent the induction of VT 
in some patients who have inducible VT at a current 
sine of twice diastolic threshold. 
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Nonsustained Ventricular Tachycardia During Programmed 
Ventricular Stimulation: Criteria for a Positive Test 


Controversy persists among groups carrying out 
programmed ventricular stimulation (PVS) as to 
which eriterla should be used to define a positive 
test. To examine this question, the results of PVS 
carried out In 50 patients with documented sustained 
ventricular tachycardia (VT) or ventricular fibrillation 
were retrospectively analyzed. All patients under- 
went serial PVS using single and double extrastimull 
and ventricular burst pacing in the right ventricle 
and, when necessary, the left ventricle, with sus- 
tained VT elicited during the control study In each 
patient. Antlarrhythmic drugs were then adminis- 
tered, with therapy tallored to both PVS result and 
ambulatory Holter monitoring, when possible. All 
patients were maintained and followed on the same 
drugs and dosages as at the time of predischarge 
PVS. After mean 20 months follow-up, 28 patients 
either dled suddenly (8 patients) or had documented 


The management of patients with ventricular fibrilla- 
tion (VF) and recurrent sustained ventricular tachy- 
cardia (VT) has until recent years depended solely upon 
empiric antiarrhythmic drug trials and serial ambula- 
tory electrocardiographic (Holter) monitoring. Such an 
approach is time-consuming, requiring multiple ther- 
apeutic trials and prolonged hospitalization.^? The 
often lengthy delay until adequate therapy is estab- 
lished causes risk, inconvenience and significant ex- 
pense. The use of programmed ventricular stimulation 
(PVS) for the induction of VT in the assessment and 


o of patients with sudden cardiac death and 
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sustained VT (20 patients). The ability to induce 
nonsustalned or sustained VT on predischarge PVS 
was associated with a significantly higher likelihood 
of subsequent sudden death or VT recurrence than 
if VT could not be Induced (p <0.001). In addition, 
using the criterlon of 5 or more beats of induced VT 
to deflne a positive study maximized the predictive 
value of PVS and provided a signiflcantly higher 
predictive accuracy than if only sustained VT were 
used to define a positive study. Thus, In patients with 
a history of serious ventricular arrhythmias, the 
persistent ability to Induce either nonsustained or 
sustained VT despite drug therapy predicts a high 
likelihood of subsequent VT or sudden death, and 
using the induction of VT of 5 beats duration or 
greater as a criterlon for a positive study on drug 
therapy maximizes the overall predictive accuracy 
of PVS. (Am J Cardiol 1985;56:79-83) 


recurrent VT has become a useful tool and is rapidly 
finding widespread use. 3-16 

Although various centers use somewhat different 
pacing protocols and criteria to define a positive test 
result when carrying out PVS, few studies have exam- 
ined the predictive value of the test as a function of the 
duration of the induced VT.!" In this study we analyzed 
our experience in arrhythmia induction in a high-risk 
patient group in an effort to determine the duration of 
induced VT during PVS that provides the maximal 
predictive value, i.e., what length of VT should consti- 
tute a positive electrophysiologic study. 

+ | 
E Methods 

Patient selection: Electrophysiologic studies were carried 
out in 58 patients referred to Johns Hopkins Hospital over a 
2-year period for the management of one or more episodes of 
VF from which they were resuscitated or recurrent, symp- 
tomatic (defined as causing syncope or presyncope) V'T. Fifty 
of these 58 patients had inducible sustained V'T during a 
control electrophysiologic study (see below) and form the basis 
of this report: Twenty-two had a history of VF and 28 had VT. 
No patient had sustained an acute myocardial infarction 
within the prior 8 weeks. 

Bw 
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©- Drug administration: Patients underwent a control 
electrophysiologic study while receiving no antiarrhythmic 
. drugs, excluding digitalis preparations and -adrenergic 

blockers. Oral antiarrhythmic drug therapy was then begun, 
with the objective being the inability to induce repetitive re- 
. sponses during PVS and 48- to 72-hour ambulatory electro- 
cardiographic (Holter) monitoring free of complex arrhyth- 
mias, defined as salvos of V'T of 3 or more beats duration at 
a rate above 100 beats per minute. Conventional agents were 
administered in the following sequence: quinidine, procain- 
amide and disopyramide. À given drug was not administered 
if there was a documented history of prior inefficacy or intol- 
erable side effects. Disopyramide was not administered to 
patients with a history of heart failure or a significantly de- 
pressed ejection fraction (less than 3596). Investigational 
drugs, as many as 3 different agents, were then used if needed, 
although in no predetermined sequence. If the objective of 
arrhythmia ablation on both Holter monitoring and electro- 
physiologic study was not attained, or the patient declined 
further drug testing, the patient was discharged on the drug 
. or drugs that appeared to give the most favorable response, 
_ that is, the shortest duration and most difficult to induce ar- 

rhythmia in the electrophysiology laboratory and least fre- 
quent and shortest duration VT on Holter. Nineteen patients 
continued to have inducible sustained VT at.time of discharge. 
In 8 patients an automatic cardioverter-defibrillator was 
implanted. 

Electrophysiologic study protocol: All patients gave 
written consent and underwent electrophysiologic study in 
the fasting, nonsedated state. Multipolar electrode catheters 
' with a 1-cm interelectrode distance were inserted percuta- 
neously with 1% lidocaine anesthesia in femoral or antecubital 
veins, and positioned in the right atrium, right ventricle and 
atrioventricular junction to record His bundle potentials. 
. Patients were then systemically anticoagulated with sodium 
heparin, 100 units/kg. Intracardiac signals were filtered at 30 
to 500 Hz and displayed with surface electrocardiographic 
recordings, leads I, II, aVF and V; and Vg, on a multichannel 
oscilloscope (Electronics for Medicine VR-12) and ink-jet 
- recorder (Siemens-Elema Mingograf) at paper speeds of 50 
to 250 mm/s. Pacing was done with a programmable constant 
current impulse generator (Bloom Associates Ltd.). Impulses 
were 1 ms in duration and twice diastolic threshold (less than 
4mA). The stimulation protocol included: (1) Ay V2 mode— 
single premature ventricular beat (V2) is introduced after an 
atrial drive (A1) of 8 beats at 3 basic cycle lengths (600, 500, 
450 ms); (2) VV; mode—a single premature ventricular beat 
V»is introduced after a ventricular drive (V4) of 8 beats at 3 
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FIGURE 1. Predictive accuracy of programmed ventricular stimulation 
as a function of the number of induced ventricular responses defining 
a positive testin a population of 50 patients. Error bars indicate 95 % 
confidence limits. VT = ventricular tachycardia. 
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basic cycle lengths (600, 500, 450 ms); (3) Vi1V2V3 mode—2 
successive premature ventricular beats (V2V3) are introduced 
after ventricular drive (V4) of 8 beats at 3 basic cycle lengths 
(600, 500, 450 ms); and (4) Viurst mode—rapid ventricular 
pacing for 10 beats at a progressively shorter cycle length until 
ventricular refractoriness or a cycle length of 200 ms was at- 
tained.!? In each patient programmed stimulation was carried 
out at 2 right ventricular sites, first at the apex and then the 
outflow tract. If sustained VT was not elicited from the right 
ventricle, left ventricular pacing was carried out at 2 sites. 
Premature extrastimuli were introduced, scanning diagtole 
by reducing the coupling interval by 10 or 20 ms until ven- 
tricular refractoriness or sustained VT was elicited. The A; V2 
stimulation mode was omitted in patients with atrial fibril- 
lation. The maximum number of induced ventricular beats 
occurring by an intraventricular reentry mechanism was re- 
corded.!9 The number of induced ventricular beats was re- 
corded only if they were reproducibly elicited, i.e., on at least 
2 of 3 attempts at the same extrastimulus intervals. If sus-- 
tained VT was elicited, reinduction was not attempted. In- 
traventricular reentry was defined by the initiation of extra 
ventricular complexes that occurred in the absence of His 
potentials, or with His potentials with an HV interval less than 
that observed during sinus rhythm. Sustained VT was de- 
fined as VT lasting for over 30 seconds or resulting in loss 
of consciousness and requiring external countershock for 
termination. 

Follow-up: After discharge the patients were examined and 
24-hour Holter monitoring was carried out no less frequently 
than at 3-month intervals by one of the investigators or by the 
patient's referring cardiologist. Sudden death or symptomatic 
(hypotensive) VT documented by electrocardiography were 
considered study endpoints. Good clinical response was de- 
fined as the absence of sudden death or hypotensive VT in 
follow-up. Several patients who were sent home with an im- 
planted automatic cardioverter-defibrillator experienced 
discharge of their devices preceded by a feeling of rapid heart 
beat, then syncope or presyncope followed by a sense of 
well-being. Although such an episode may have represented 
either VT or VF, for purposes of this report this was assumed 
to represent a recurrence of VT. One patient who underwent 
cardiac surgery was included in the study until the time of 
surgery, and thereafter considered lost to follow-up. Similarly, 
if a drug change was made because of side effects, the patient 
was at that point considered alive and lost to follow-up. 

Statistical analysis: Fisher exact tests and chi-square 
analysis, according to the method of Yates,” of predictive 
accuracy for a given pacing mode and for each number of in- 
duced ventricular respones was used to determine significance 
(p £0.05); e.g., 2 X 2 contingency tables were constructed for 
the group of patients undergoing each pacing mode, alive or 
dead vs negative or positive test result. Comparison between 
different test endpoints was also made using chi-square 
analysis. Confidence limits for Figure 1 (plot of predictive 
accuracy vs ventricular responses to define a positive test) 
were calculated --1.96SE,?! and where . 
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pi = false-positive error rate = false-positive tests/(false- ` 
positive + true-positive tests); q1 = 1 — pj; n; = false-positive 
t true-positive tests; p» = false-negative error rate = false 
negative tests/(false negative + true negative tests); qo =1— ' 
pa; and ns = false-negative + true-negative tests. 

Life-table analysis of patient follow-up after electrophys- 
iologic study was carried out using the method of Kaplan and 
UR and the Wilcoxon test” for comparing 2 life tables 
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Arrhythmias 


Drug (n = 22) 
Quinidine 

Procainamide 

Disopyramide 

Phenytoin 
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VT = ventricular tachycardia. 
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Results 


tiarrhythmie drugs: The number of antiar- 
rhythmic drugs which each patient had failed was 4.1 
+ 1.9. The drugs were discontinued because of inefficacy 
in 82% and because of intolerance or toxicity in 18%. The 
antiarrhythmic drugs on which the 50 patients under- 
went final electrophysiologic study and were thereafter 
maintained are shown in Table I. Beta-blocking drugs 
were used for the management of angina pectoris (17 
patients) or hypertrophic obstructive cardiomyopathy 


. (1 patient). Fourteen patients were maintained on 


digitalis because of a history of congestive heart failure. 
Of'the 2 patients receiving no medications, one had re- 
current VT and VF associated with heavy alcohol in- 
take, and no clinical recurrence of the arrhythmias after 
discontinuing all alcohol consumption. 

Follow-up: The mean follow-up period was 20.1 
months (range 6 to 36). Twenty-eight patients had ei- 
ther sudden death (8 patients) or symptomatic, sus- 

ined VT (20 patients) on follow-up. Of the 22 patients 


„who entered the study with a history of VF, 5 died 


suddenly and 9 had 1 or more episodes of sustained VT 
on follow- -up. Of the 28 patients who entered with a 


! history of recurrent sustained VT, 3 died suddenly and 


d a recurrence of sustained VT during the follow- 


ia eriod. Six patients had a discharge of their auto- 
mafic cardioverter-defibrillators, with clinical histories 


gly suggestive of hypotensive tachyarrhythmia 
terminated by an electrical discharge. 

Effect of pacing mode: The induction of sustained 
VT during the control study i in 50 patients was accom- 
plished with the A; V2 mode in 1 patient, the Vy Vo mode 
in 4 patients, the V;V2V3 mode in 40 patients and with 
burst pacing in 5 patients. On 2 occasions left ventric- 
ulari stimulation-was required. During the final, pre- 
discharge electrophysiologic study, the maximum 
number of induced responses (observed in 47 patients) 
was elicited with the VV» extrastimulus mode in 3 
cases, by the.V,;V2V3 mode in 41, and burst pacing in 3. 
Left ventricular. stimulation elicited the maximum 
number of responses on 4-occasions. Thus, during both 
the control and predischarge electrophysiologic studies, 
the ViV2V3 mode was significantly more tesi to result 
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Poor Cilnical Response 


' Sudden Death Recurrent VT 
|». (n 8). (n = 20) 
3 3 
0 1 
0 1 
0 1 
4 9 
t 2 
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1 1 
0 1 
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in VT induction than the A; V2 mode (p <0.001) or the 
ViV2 mode (p «0.001). Because the V1V5V4 pacing 
mode precedes the Vy44,; mode, too few patients un- 
derwent the Vburs; mode to permit meaningful com- 
parison of V1V5Vs and Vpurst modes with regard to VT 
induction. . 

Fifty of the 58 patients (86%) had sustained VT 
elicited during control PVS. Five of the 8 patients 
without inducible sustained V'T had nonsustained VT 
of 5 to 9 beats duration. 

Clinical predictive value of programmed ven- 
tricular stimulation: Table II is a summary of the 
predictive values corresponding to the maximum 
number of induced ventricular beats elicited by any 
pacing mode during the predischarge electrophysiologic 
study. A high positive predictive value, 95%, resulted 
when the criterion for a positive study was defined as 
sustained VT, although requiring sustained VT lowered 
the sensitivity of the test and was associated with the 
lowest negative predictive value, 61%, lowering the 
overall predictive accuracy to 78%. If the criterion for 
a positive test is made less stringent, so that only a single 
repetitive response defines a positive test, the sensitivity 
is maximized, with a negative predictive value of 100%, 
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FIGURE 2. Kaplan-Meier life-table analysis of 50 patlents who under- 
went programmed ventricular stimulation. A positive test Is defined as 
the induction of ventricular tachycardia 5 or more beats in duration. 
Good clinical response is defined as the absence of sudden death or 
recurrent symptomatic ventricular tachycardia during follow-up. EP = 
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TABLE Predictive Value of Programmed Ventricular Stimulation In 50 Patients as a Function of the Number of Induced 
Ventricular Responses Defining a Positive Test 
No. of Vent. Pos. Neg. 
Responses Pred. Pred. Pred. Fisher 
i Defining Sensitivity Specificity Value Value Accuracy Exact 
Pos. Test n % % % 7 % % x? p 
> 4 47 (27/27) 100 (3/23) 13 (27/47) 57 (3/3) 100 (30/50) 60 3.75 0.09 
l 22 36 (25/28) 89 (11/22) 50 (25/36) 69 (11/14) 79 (36/50) 72 9.43 0.004 
| 23 32 (25/29) 86 (14/21) 67 (25/32) 78 (14/18) 78 (39/50) 78 14.8 0,0002 
24 31 (25/29) 86 (15/19) 74 (25/31) 81 (15/19) 84 (40/50) 80 17.2 «0.0001 
i 25 |" 25 (24/28) 86 (21/22) 95 (24/25) 96 (21/25) 84 (45/50) 90 32.5 <0.0001 
76 24 (23/28) 82 (21/22) 95 (23/24) 96 (21/26) 77 (44/50) 88 29.7 «0.0801 
27 . 23 (22/29) 76 (21/22) 95 (22/23) 95 (21/28) 75 (43/50) 86 25.7 «0.0001 
28 22 (21/28) 75 (21/22) 95 (21/22) 95 (21/28) 75 (42/50) 84 24.8 <0.0001 
Sustained 19 (18/30) 60 (19/20) 95 (18/19) 95 (19/31) 61 (39/50) 78 15.4 0.0001 
: Mean follow-up perlod = 20.1 months, with good clinical response defined as the absence of sudden death or sustained ventricular tachycardia 
during follow-up. 


| 
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but the specificity of the test falls, with a positive pre- . 


dictive value of only 57%, lowering the overall predictive 
accuracy to only 60%. The overall predictive accuracy 
was maximized if the criterion for a positive test was 
defined as induction of nonsustained VT of 5 beats or 
greater. In Figure 1 overall predictive accuracy is plotted 
as a function of the number of induced ventricular beats 
defining a positive test. With 95% confidence limits, the 
predictive accuracy (90%) associated with 5 or more 
beats is significantly greater than if a positive test is 
defined as 1 or more beats, 2 or more beats, 3 or more 
beats or sustained VT; it is greater than the predictive 
accuracy associated with 4 or more beats within 9096 
confidence limits. There is no significant difference in 
the predictive accuracy of 5 or more beats compared 
with 6 or more, 7 or more or 8 or more beats. The sig- 
‘nificantly better prognosis of patients with a negative 
test (induction of 0 to 4 beats of VT) compared to those 
‘with a positive test (induction of VT of 5 beats duration 
‘or greater) is depicted in a life-table anlysis of the study 
population (Fig. 2). 


Discussion 


Despite the widespread use of PVS in the manage- 
ment of patients with ventricular arrhythmias, a sur- 
prising lack of uniformity remains in study protocol and 
interpretation.271417,192425 A persistent item of debate 
relates to the criteria used to define a positive test, i.e., 
what duration of induced V'T should be required in 
order to call the test positive, and conversely, what 
duration of induced VT, if any, should be permitted, 
e.g., when assessing an antiarrhythmic drug, before 
concluding that the result is satisfactory.!01417 Results 
of our study indicate that in patients with VF or re- 
current VT and inducible sustained VT during control 
PVS, the induction of nonsustained V'T of 5 or more 
beats in duration after antiarrhythmic drug adminis- 
tration is an indication of inadequate drug response and 
high likelihood of subsequent sudden death or sustained 
VT if that drug regimen is maintained. This is consis- 
tent with the study by Podrid et a1,!6 who noted ar- 
rhythmia recurrence in 40% of patients in whom non- 
sustained VT of 3 or more beats in duration could still 


S 


Neg. = negative; Pos. = positive; Pred. = predictive; Vent. = ventricular; VT = ventricular tachycardla. 


be provoked at time of discharge, as opposed to a 3% 
recurrence rate in patients discharged with no inducible 
nonsustained VT. The number of patients in that study 
was small and, by design, not all patients had sustained 
VT during their control electrophysiologic study. Other 
investigators have required the induction of no less than 
sustained VT to define a positive test, with nonsus- 
tained VT (of varying duration) constituting an end- 
point defining satisfactory antiarrhythmic drug ef- 
fect.24514 Often, however, there is variability in the 
patient.population studied and in the pacing protocol 
used.?-1727 Tt should be emphasized that our protocol 
requires that a nonsustained VT response be reprodu- 
cibly elicited at the same extrastimulus intervals and 
basic cycle length. 


see EN E 


Swerdlow et al”? assessed the prognostic significance | 


of the number of induced ventricular complexes during 
assessment of therapy in 178 patients with ventricular 
tachyarrhythmias. 'The predictive accuracy was highest 
(83%) for 11 to 15 complexes, and was significantly lower 
for sustained VT. In this study, up to 3 extrastimuli 
were used and the median follow-up period was only 4 
months (range 1 day to 64 months). Josephson and co- 
workers?4 define a response to programmed ventricular 
stimulation as negative when nonsustained VT is in- 
ducible during the drug testing study and sustained VT 
is induced during the control study. They routinely use 
triple extrastimuli and isoproterenol infusion, which 
represent more rigorous provocation than the protocol 
used in our laboratory.2?-?! Our pacing protocol, in 
contrast, is limited to double extrastimuli and ventric- 
ular burst pacing. The results of our study suggest that 
using a less rigorous endpoint—nonsustained rather 
than sustained VT—in conjunction with a less aggres- 
sive pacing protocol still permits a high predictive ac- 
curacy, almost 90%. Further, if sustained VT is required 
to define a positive test, the predictive accuracy of 
the test decreases somewhat when this pacing proto- 
col is used, primarily because of a decrease in the 
sensitivity. 

Limitations of the study: The predictive value of a 
test may vary, depending on the specific population 
studied and the method of testing, as well as the specific 


criteria used to delineate positive and negative test re- 
sults. Ours is a patient population highly selected on the 
basis of risk: all had 1 or more documented episodes of 
VF or recurrent sustained VT. In addition, the specific 
pacing protocol is a variable. Triple extrastimuli and 
isoproterenol infusion were not used. Their use may 
require a more rigorous pharmacologic objective than 
the inability to induce nonsustained VT, in order to 
maintain the high predictive accuracy of the test.’ 
Thus, caution should be used in extending our results 
to acing protocols not using only single and double 
extrastimuli, burst pacing and a 1-ms pulse width. 

Although the electrophysiologic study appeared to 
accurately predict long-term efficacy of antiarrhythmic 
drugs as a whole, it should not be assumed that this will 
be true of all drugs. Reports indicate, for example, that 
electrophysiologic studies carried out in patients re- 
ceiving amiodarone may not predict long-term clinical 
outcome.?293 Only 3 of our 50 patients were receiving 
amiodarone; 2 had positive electrophysiologic studies 
and both of these had a poor clinical outcome: one died 
suddenly and the other had a recurrence of VT. In ad- 
dition, to achieve patient groups large enough to per- 
form meaningful actuarial analysis, we pooled data from 
patients who had heterogeneous clinical characteristics 
and who received different therapies. Our results may 
not apply equally to all subgroups. Meaningful 
subgroup analysis would require a much larger patient 
population. 

Clinical implication: In patients with VF or recur- 
rent VT and inducible sustained VT during control PVS 
using our pacing protocol, the induction of nonsustained 
V'T of 5 or more beats in duration after antiarrhythmic 
drug administration is an indication of inadequate 
therapy; there is a high likelihood of subsequent sud- 
den death or sustained V'T if that drug regimen is 
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`- Combination of Procainamide and Quinidine for Better -< ` 


; — and Additive Effects for — — 


SOO G. KIM, MD, STEVEN W. SEIDEN, MD, JEFFREY A. MATOS, MD, 
| LAWRENCE E. WASPE, MD, and JOHN D.. FISHER, MD. | 


The efficacy and tolerance of quinidine and pro- 


calnamide used individually and in combination . 


.were studied In 19 patlents with frequent ventricular 
premature complexes (VPCs). During single-drug 


‘treatment, the maximum tolerated dose of quinidine : 


‘without extracardlac dose-related side effects was 
` 1.6 + 0.21 g/day and that of procainamide was 4.1 
+ 1.05 g/day. During combination therapy with 
smaller doses (p <0.05) of quinidine (1.16 + 0.26 
'g/day) and procainamide (2.80 + 0.98 g/day), no 
patient had side effects. Before treatment, all pa- 
tients had frequent (more than 60 per hour) VPCs 
and 17 had ventricular tachycardia on Holter 


monitoring. The frequency of VPCs was reduced to. 


22 + 19% with quinidine, 47 + 40% with procaln- 


amide and 9 + 11% with combination therapy (p^ 


Procainamide and quinidine are class IA antiarrhythmic 


agents! with similar electrophysiologic and’ antiar- 


rhythmic effects. Although the cardiac effects of pro- ` 


cainamide and quinidine are similar, extracardiac side 


effects are mostly specific to each agent, and usually are - 
dose-related.^-4 The maximal tolerated dose.of pro- . 
-cainamide or quinidine may be limited by extracardiac 

‘dose-related side effects, but not by cardiac effects such «- 


‘as excessive prolongation of the QRS or QT interval or 


:atrioventricular block. In this situation, we speculated, ` 
that a combination of smaller amounts of quinidine and ` 
' procainamide, tolerable in terms of individual side-ef- . 
‘fects, may produce additive antiarrhythmic effects . 
without causing extracardiac dose-related side 


effects. 
Methods 


E Patient gelection: Patients with more than 60 ventricular’: | 
premature complexes (VPCs) per hour were entered into this | 
study. All patients were referred to our Arrhythmia Service 


between January 1983 and June 1984 because of recurrent 


sustained ventricular tachycardia (VT) or symptomatic ` 


ventricular arrhythmias. Patients with a history of allergic 
reactions to quinidine or procainamide were excluded. Clinical 
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/. «0.05, combination vs procainamide or quinidine - 


alone). Individually, an effective regimen (more than 


. 83% reduction of VPCs and abolition of ventricular ` 
tachycardia) was found In 5 patients (2696) recelving . 


quinidine alone at maximal tolerated dose, in 4: . 
(2196) receiving procainamide alone at maximal 
tolerated dose, and in 14 (7496) receiving combi- 
natlon therapy (p «0.01 vs quinidine or procaln- - 


 amide). Thus, the antiarrhythmic effects of quinidine’ - 


and procalnamide are additive. When quinidine or | 
procainamide is.ineffectlve because dose-related — 
extracardiac side effects limit the maximal tolerated. 
dose, combination therapy In smaller and tolerable `- 
doses avoids side effects and Is more effective than 
either drug: alone at the maximal tolerated dose. 
(Am J Cardiol 1985; 56:84- 9a) 


characteristics of patients are summarized in Table I. There .. 
were 16 men and 3 women, aged 58 + 14 years. Fourteen had 
coronary artery disease and 5 had cardiomyopathy; 17 patients 


= had recurrent VT, 1 patient had ventricular fibrillation and p 
. 1 symptomatic VPCs. 


Ambulatory electrocasdiograms: Conin 24- Hour 
ambulatory electrocardiograms (ECGs): were recorded onan . 
Avionics® 445 two-channel recorder. Analysis of the tape was 
done on a computerized Cardio Data System? scanner. Total. 
numbers of VPCs, couplets and VT (3 or more VPCs at a rate 
higher than 100 beats/min) were generated by the scanner. 


Accuracy of the system was tested by the blinded insertion of, 


quality control tapes into the analyst's normal workload. Data . 


: used for accuracy determination weré generated through 
. trendscription of the entire 24-hour period, which was then 


hand-counted for quantification of all ventricular ectopic . 


Rui: Accuracy (96) was calculated using the formula: | 


HS — RT: 
pete eer X 
100 — —RT 100 
where HS = high speed and RT = seal time. Accuracy of total . 
VPC counts was 96.3 + 3.7%, couplets 93.7 + 6.7% and VT 96.2 
+ 5.8%. Mean VPOCs or couplets per hour were calculated by ` 


dividing total numbers of VPCs or couplets by number . 


of hours recorded. The results were verified by one of the 
investigators. - 

Study design: At least 5 half- tives after all antiarrhythmic 
drugs were discontinued, a baseline 24-hour ambulatory ECG .. 
was recorded in all patients. After the baseline ambulatory 
ECG, quinidine sulfate, 400'mg, was given by mouth every 6 ` 
hours. If dose-related extracardiac side effects were noted, thé. : 
dose was reduced until side effects disappeared. If a. patient - 
tolerated quinidine, 1,600 mg/day, the dose was increased:until ; 


caida extracardiae side idcm appeared or ora maximal E 
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TABLE! Patient Information and Dosage of Quinidine and Procainamide During Each Treatment 


IPt Age (yr) & Sex Dx VPC VT 
1 38M CAD -+ 0 
| 2 42M CAD + -+ 
3 45M CAD -+ -+ 
4 50M CAD T + 
|5 60M CAD -+ + 

e 60M CAD + + 

7 60M CAD 4 + 

8 61M CAD + + 
9 65F CAD + + 
10 65M CAD 4 t 
11 70M CAD + + 
12 70M CAD + + 
13 78M CAD + + 
14 79M CAD + + 
15 25M DC + + 
16 45M DC + + 
17 50F DC + 0 
18 65M DC + + 
19 71F DC + + 


CAD = Arteriosclerotic coronary heart disease: DC = dilated cardi 


Dose (mg/day) 
Single-Drug Rx Combination Rx 
VF Q PA Q PA 
0 1,600 4,000 1,200 4,000 
0 1,600 3,000 800 3,000 
0 1,600 4,000 1,200 2,000 
0 1,600 4,000 1,600 2,000 
0 2,000 6,000 1,600 2,000 
0 1,200 3,000 1,200 3,000 
0 1,800 6,000 800 6,000 
0 1,600 4,000 1,200 2,000 
0 1,600 2,000 1,200 2,000 
0 1,600 3,000 800 2,000 
0 2,000 5,000 1,600 3,000 
0 2,000 4,000 1,200 2,000 
0 1,600 6,000 1,200 3,000 
0 1,600 4,000 1,200 3,000 
0 1,600 4,000 800 3,000 
0 1,600 4,000 1,200 3,000 
+ 1,600 4,000 800 3,000 
0 1,200 4,000 1,200 2,000 
0 1,800 4,000 1,200 3,000 


thy; Dx = diagnosis; PA = procainamide; Q = quinidine; Rx = treatment; 


omyopa 
VPC = ventricular premature complex; VF = ventricular fibrillation; VT = ventricular tachycardia. 


ante — —— er 


PR (sec) 
Baseline 0.17 + 0.02 
Quinidine 0.18 + 0.02 
Procainamlde 0.18 + 0.02 
Combination 0.18 + 0.02 


dose of 2,000 mg/day was reached. À 24-hour ambulatory ECG 
wasl started when a patient had received quinidine at the 
maximal tolerated dose for at least 5 doses to ensure steady- 
state blood levels. After completion of the ambulatory ECG, 
quinidine was discontinued and 1,000 mg of procainamide in 
sustained release form (Procan SR®) was given by mouth 
every 6 hours. If dose-related extracardiac side effects were 
noted, the dose was reduced until side effects disappeared. If 
a patient tolerated 4 g/day of procainamide without side ef- 
fects, the dose was increased until dose-related extracardiac 
side| effects appeared, or a maximal dose of 6 g/day was 
reached. After completion of the ambulatory ECG during 
procainamide treatment at the maximal tolerated dose, pro- 

i ide was continued and quinidine was added. The dose 
adj ents during combination therapy were largely empiric, 
and determined by the investigators based on side effects and 
VPC frequency noted on the telemetry unit monitors, as well 
as with careful monitoring of QRS and QT intervals, No pa- 
tient had a QTc (corrected QT interval by Bazett formula)? 
longer than 0.55 second or QRS prolongation greater than 50% 
of the baseline value.9 After combination therapy had been 
established for at least 5 doses, another ambulatory ECG was 
recorded. 

Evaluation of side effects: During each treatment period, 
the patients were questioned and examined by an investiga- 
tor for specific cardiac and extracardiac side effects of the 
medications. 


| Results 


Dosages and tolerance of antiarrhythmic ther- 
apy when used alone (Table I): The maximal toler- 
ated dose of quinidine was 1,620 + 210 mg. In 3 patients, 


TABLE Il Twelve-Lead Electrocardiographic Results 


QRS (sec) QTc (sec) 
0.098 + 0.018 0.432 + 0.022 
0.119 + 0.014 0.470 + 0.030 
0.117 + 0.019 0.460 + 0.037 
0.128 + 0.016 0.499 + 0.039 


reduction of the initial dose (1,600 mg/day) was neces- 
sary because of diarrhea. Three of the remaining 16 had 
mild tolerable diarrhea while receiving quinidine, 1,600 
mg/day, and the dose was not reduced. The maximal 
tolerated dose of procainamide was 4,100 + 1,050 
mg/day. Reduction of the initial dose (4,000 mg/day) 
was necessary in 5 patients because of nausea and 
vomiting, epigastric pain or insomnia. After dose 
adjustment, all patients tolerated quinidine or 
procainamide. 

Dosages and tolerance of antiarrhythmic ther- 
apy in combination (Table I): The dosage of quinidine 
(1,160 + 260 mg/day) during combination therapy was 
significantly less (p <0.05) than that during treatment 
with quinidine alone. In 16 patients, a smaller dose of 
quinidine was given during combination treatment. 
Dosages of procainamide (2,800 + 980 mg/day) were 
significantly smaller (p <0.001) during combination 
therapy than during treatment with procainamide 
alone. In 15 patients a smaller dose of procainamide was 
given during combination therapy. As indicated in the 
Methods section, dosages of each agent during combi- 
nation therapy were reduced by the investigators, 
considering the patients’ response in terms of frequency 
of VPCs on the floor monitor or QRS and QT intervals. 
No patient had a QTc interval longer than 0.55 second 
or QRS prolongation more than 50% of baseline value 
(Table II).6 None of the patients had extracardiac side 
effects attributable to either quinidine or procainamide 
while receiving combination therdw&. Ng, patient had 
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TABLE ill Results of Ambulatory Electrocardiogram (Number of Ventricular Premature 


Complexes Per Hour) 
C Q PA Q+PA 
Pt VPCs/Hour VPCs/Hour (96) VPCs/Hour (%) VPCs/Hour (%) 
1 324 24 (7) 341 (105) 51 (16) 
2 265 55 (21) 151 (57) 1 (0.4) 
3 113 0.1 (0.1) 27 (24) 0.1 (0.1) 
4 302 120 (40) 290 (96) 54 (18) 
5 272 86 (32) 53 (19) 21 (8) 
6 6 (9) 18 (28) 2 (3) : 
7 506 360 (71) 682 (135) 192 (38) 
8 71 2í( 61 (86) 0 (0) 
9 161 30 (19) 23 (14) 0.1 (0.1) 
10 374 65 (17 11 (3) 0 (0) 
11 9,000 1,561 (17) 1,434 (16) 6 (0.1) 
12 402 11 (3) 62 (15) 10 (2) 
13 447 230 (51) 22 (5) 15 (3) 
14 2,208 514 (23) 1,182 (54) 94 (4) 
15 1,194 425 (36) 779 (85) 93 (8) 
16 146 56 (38) 29 (20) 39 (27) 
17 1,554 125 (8) 366 (24) 120 (8) 
18 706 193 (27) 688 (97) 121 (17) 
19 328 8 (2) 74 (23) 53 (16) 
Mean + SD 970 + 2,000 204 + 360 330 + 430 46 + 55 
(22 + 1996) (47 + 40%) (9 x: 119€) 


C = control; PA = procainamide; VPCs = ventricular premature complexes; Q = quinidine; SD = 
standard deviation; % = percent of control value in each patient. 


TABLE IV Results of Ambulatory Electrocardlogram (Couplets Per Hour) 





C Q 

Pt n (96) 

1 23 0.1 (0.4) 

2 0.4 0 (0) 

3 8 0.1 (0.5) 

4 34 5 (14) 

5 9 3 (36) 

6 0.9 0 (Q) 

7 18 47 (300) 

8 1 0.1 (10) 

9 0.4 0.6 (150) 
10 0.2 0.1 (50) 
11 " 30* 
12 16 0.9 (6) 
13 31 4 (13) 
14 47 10 (21) 
15 53 2 (4) 
16 2 0.4 (20) 
17 200 9 (4) 
18 67 6 (9) 
19 ` 7 0.1 (1) 
Mean + SD 29 + 47 5 + 11(35 + 75%) 


PA PA+Q 
n(%) n(%) 
2 (7) 0.1 (0.4) 
0.2 (60) 0 (0) 
0.2 (2) 0 (0) 

36 (104) 4 (11) 

1 (13) 0.1 (0.5) 
0 (0) 0 (0) 

14 (87) 15 (93) 
1(100) 0 (0) 
1.2 (800) 0 (0) 

0 (0) 0 (0) 
1.9* 0* 
0.3 (2) 0 (0) 
0 (0) 0 (0) 
26 (55) 0 (0) 
(2) 0 (0 
0 (0) 0.3 (15) 
32 (18) 6 (3) 
40 (60) 2 (3) 
(7) 


0.5 0.1 (1) 
9 + 14(45 74%) 144(7 x 229€) 


* This patient had a well tolerated sustained ventricular tachycardia on Holter monitoring throughout 


the baseline period. 


C = control; PA = procainamide; Q = quinidine; SD = standard deviation; 96 = percent of contro! value 


in each patient. 


worsening of congestive heart failure evidenced by a new 
third heart sound or increased respiratory rales on 
careful physical examination. 

Ambulatory electrocardiograms (Tables IIT, IV 
and V): Compared with baseline, mean VPCs/hour 
were reduced to 22 + 19% with quinidine, 47 + 40% with 
procainamide and 9 + 11% with combination therapy 
(p <0.05, combination vs quinidine or procainamide). 
Mean couplets/hour were reduced to 35 + 75% with 
quinidine, 45 + 74% with procainamide and 7 + 22% 
with combination therapy (p <0.05, combination vs 
quinidine or procainamide). In 17 patients with VT on 


ambulatory ECG before treatment, 100% reduction of 
VT" was noted in 11 patients (65%) with quinidine, in 
9 (53%) with procainamide and in 16 (94%) with com- 
bination therapy (difference not significant, quinidine 
vs combination; p <0.025, procainamide vs combina- 
tion). Significant (more than 83%) reduction of VPCs® 
was noted in 7 of 19 patients (37%) with quinidine, in 5 
(26%) with procainamide and in 15 (79%) with combi- 
nation therapy (p <0.05, quinidine vs combination; p 
<0.005, procainamide vs combination). An effective 
regimen (defined as more than 83% reduction of VPCs 
and 100% reduction of VT) was found in 5 patients 


TABLE V 

Pt C Q 

1 0 0 

2 1 0 

3 34 0 

4 22 2 

5 3 0 

6 3 0 

7 26 0 

8 1 0 

9 1 2 

i. 10 0 0 

11 * 0 

12 15 0 

13 56 2 

14 264 10 

15 115 0 

16 2 0 

17 921 9 

18 137 13 

' 18 13 0 
Mean + SD 90 + 218 2+4 


t 
i tachycardla. 


(26%) with quinidine, in 4 (21%) with procainamide and 
in 14 (74%) with combination therapy (p <0.01, quin- 
idine vs combination; p <0.005, procainamide vs 
combination). 

Twelve-lead electrocardiogram (Table IT): Sig- 
nificant (p «0.001) prolongation of QRS and QTc in- 
tervals?-11 were noted during single and combination 
treatment. Combination therapy resulted in greater 
QRS prolongation than quinidine (p <0.001) or pro- 
cainamide (p «0.005) alone. In addition, combination 
therapy caused greater prolongation of the Q'Tc interval 
than either quinidine or procainamide alone (p «0.001). 
None of the patients had heart block or torsades 
de pointes!?-!? during either single-drug or combination 
therapy. 


Discussion 


Holter monitoring: A 24-hour ambulatory ECG was 
used to assess the antiarrhythmic efficacy of single-drug 
and combination therapy.” 47 Because of day-to-day 
variations in the frequency of VPCs in individual pa- 
tients, only marked reduction in VPCs can be attributed 
to spécific antiarrhythmic agents.916.17 We defined an 
effective regimen as one that resulted in a more than 
83% reduction of VPCs® and total abolition of VT.” Less 
dramatic reductions in VPCs are considered significant 
when evaluating antiarrhythmic agents in groups of 
patients." 

Responses to quinidine and procainamide when 
used alone: When either quinidine or procainamide was 
used alone, the incidence of efficacy was low and the 
incidence of side effects was high. Our results are similar 
to those reported by others.4 

Response to combination therapy: Duff et al? re- 
ported results of combination therapy with different 
classes of antiarrhythmic agents (i.e., quinidine, IA; and 
mexiletine, TB). Others have also described, in anecdotal 
fashion, their experiences with combination drug 
therapy.?15 Data regarding efficacy and tolerance of 
combination therapy with 2 class [A agents are sparse. 
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Results of Ambulatory Electrocardiogram (VT Per 24 hours) 
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10 + 23 


* This patient had a well tolerated sustained VT on Holter monitoring throughout the baseline period. 
C = control; PA = procainamide; Q = quinidine; SD = standard deviation; VT = 


ventricular 


Combinations of quinidine and disopyramide appear 
to be associated with aggravation of arrhythmias.!? The 
present study, in contrast, revealed substantial benefits 
with a combination of quinidine and procainamide in 
moderate dosages. Electrophysiologic effects of class [A 
agents can also be evaluated by changes in the QRS 
duration and QT interval.?-!! Prolongation of the QRS 
and QT intervals during combination therapy reflect 
the additive electrophysiologic effects. The association 
between excessive QT prolongation and ventricular 
arrhythmias, particularly torsades de pointes, is well 
known.1?-16 This complication has been reported with 
almost all class I agents.!? In our study no patients de- 
veloped torsades de pointes due to excessive prolonga- 
tion of QT interval. Nonetheless, the QRS duration 
and QT interval should be monitored carefully 
during treatment with class I agents used alone or in 
combination. 

Conclusions: We conclude that the efficacy of 
quinidine or procainamide used individually is low be- 
cause extracardiac dose-related side effects often limit 
the maximal tolerated doses. À combination of quini- 
dine and procainamide in smaller and well tolerated 
doses avoids side effects and is more effective than ei- 
ther drug alone at maximal tolerated dose. With careful 
monitoring of the ECG and appropriate dose adjust- 
ments, a combination of procainamide and qunidine 
appears to be safe and effective for patients in whom 
effective single-drug therapy is precluded by extracar- 
diac, dose-related side effects. 


Acknowledgment: We express our appreciation to Robin 
L. Simak for her secretarial assistance in the manuscript 
preparation. 
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NOW WE'VE MADE IT EASY - 


First We Made It Good 


Frons the outset CardioSat programs have been produced under the direction of a distinguished 
national editorial board and have offered AMA Category | credit. Received with praise across North 
America, CardioSat is a highly valued source of CME for many U.S. cardiologists 


Then We Discovered a Problem 


While CardioSat programs were designed to be conveniently viewed by cardiologists when they 
prefer, it turns out that getting them recorded in the first place has created an unforseen Incon- 
venience. Keeping track of program schedules, remembering to program the VCR, keeping blank 
tapes on hand—these and other problems have created obstacles to doctors receiving, watching 
and enjoying the CardioSat programs they rate so highly. 


Now We've Made It Easy 


The CardioSat program series has converted to videotape distribution as the primary means of 
reaching specialists in the field. Pre-recorded, indexed tapes containing accredited programs are 
mailed to our subscribers who then may truly watch them at their convenience. 


The tapes in our CardioSat series form a CME-accredited videotape journal, and subscribers receive: 

e 24 half-hour programs on six tapes per year delivered bi-monthly 

e registration for 12 hours of CME Category | credit for the subscriber at no additional charge 

e up to 12 additional tapes per year on subjects such as malpractice, medical accounting, 
the use of computers in medicine, and additional specialty programming 

¢ a printed CardioSat yearly program index to facilitate reference to tapes and locations on 
tapes of specific topics 

e information on quarterly CardioSat television programs 

e the opportunity to critique programming and become involved in its development. 


The New CardioSat: An Important Part of Your Future 


If you decide to subscribe, you can do so during a 30-day introductory period for only $195. 
That's just over $8 per accredited program and includes the special supplementary tapes and 
other benefits listed previously. The regular subscription price is $295 per year. (If you already are 
a CardioSat CME-credit subscriber, you will receive a pro-rated refund.) 


Authoritative. Timely. And now, convenient. We think you'll agree that CardioSat continuing education 
programs deserve the reputation they've earned for quality. Now that we've made them easy to get, 
we also think you'll find them among the best of your CME alternatives. 
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[_] Please enter my first year's subscription to CardioSat at 
| the introductory rate of $195. Enclosed is my check made 
payable to CMESat. 





[ ]l'd like to sample the new CardioSat tapes. Please send 
me a special four-program tape. Enclosed is my $25 


pb naon check made payable to CMESat. | understand that this 
in Cardlology $25 will be applied against my first year's subscription 


when I subscribe. 


[ ] Ve" VHS [ ] v” Betal [ ] v2" Beta ll 





| 
| 
| 
A program series of | 
| 
| NOTE: UPS cannot deliver to a post office box. 


444 Gulf of Mexico Drive | Name 

Longboat Key, Florida 33548 

1-800-237-6550 (toll free) [| eae 

1-813-383-9514 (in FL, AK, Hl) | chy TR Zip 
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Intravenous Lopressor is now accepted as basic protocol 
for acute MI in more than 350 hospitals. 


H - eme 


: Reduces 3-month mortality 





Reduces incidence of ventricular fibrillation? 


Reduces duration of chest pain and need for analgesics ' 





-— — Lopressor | 


Ampuis: 5 mg/5 mi TL 


Tablets: 50mg 
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Please see last page for Brief Summary of Prescribing information. 
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1 36% reduction of three-month mortality in patients with — — 
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_ '. . . definite or suspected acute MI in the Göteborg Tal.’ — 


0 Teatmentshould be continued for 1-3 years. ^ 


Lopressor is contraindicated in patients with a heart rate <45 beats/min; significant heart block greater than first degree (P-R Interval 
20.24 sac); systole blood pressure <100 mmHg; or moderate-to-severe cardiac fallure. Please see last page for Brief Summary of 
Prescribing lndormation. 


1. Hjalmarson A, et al: The Göteborg Metoprotol ‘Hal: Effects on mortality and morbidity In acute myocardial infarction. Círculation 1983 
(Jura); 87(suppi 1):-26--32. , 

2. Rydén L, et al: A double-blind trial of metoproto! In acute myocardial Infarction. Effects on ventricular tachyarrhythmilas. N Eng! J Med 
1983 (Mar 17); 614-617. 
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` Lopressor* 


‘metoprolol! tartrate 


INDICATIONS AND USAGE 
E le Infarction 
and tablets are indicated in the treatment 
at amically stable with definite or sus- 
pected acute myocardial in n to reduce cardiovascular 


, stimulating agen 


Tablets 
Ampuls 


BRIEF SUMMARY 


(FOR FULL PRESCRIBING INFORMATION, SEE PACK- 
AGE E INSERT) 


a ho eibi Y 


ics ur AND ADMINISTRATION, CONTRAINDI 


TR and bina eter te ). Alternatively, treatment can be- 
within 3 to 10 of the acute event (see DOSAGE 
ND ADMIN TION). 


/.". CONTRAINDICATIONS 
. Myocardial! infarction 


is contraindicated In patients with a heart rate 


« 45 beats/min; significant heart block greater than first 
l ree (P-R int = 0.24 sec); systolic blood 
. «100m or moderate-to-severs cardiac fallure (see 
WARNING 
. WARNINGS 


_ > Myocardial Infarction 
Cardiac Failure: Sympathetic stimulation is a vital compo- 
nent supporting circulatory function, and beta blockade 


carries the potentia] hazard of depressing myocardial con- 
n 


- Wactility and precipitating or exacerbati 
peas MU bi id 


treatment with r, the hemodynamic 
Bicis ihe pater patient RUD e Carel monitored. If heart 
fallure occurs or persists appropriate treatment 


should be 
: Lopressor produces a decrease in sinus 
hc trae gulae this decrease is greatest 
patients with high Initial heart rates and least among 
pateris with kow initia rates. Acute myocardial irfarc- 
( inferior infarction) may In itsetf produce 
cant lowering of the sinus rate. ASEDA mp de 
H associated 


pno no au canal Lopreesor should be discontinued, 


and cautious administration of isoprotereno! or Installation 
of a cardiac pacemaker should be considered. 

AV Block: Lopreesor siows AV conduction and pro- 
duce significant frst. (P-R interval 70.26 sec), Second. dr 
third-degree heart block. Acute myocardial Infarction also 


‘ produces heart block. 


M. heart block occurs, Lopressor should be discontinued 
weisse (0.25-0. 5 mg) should be administered intra- 
venously. if treatment 


shoukd 
herodynamis tus of the patient and the extent of 
al damage carefully assessed. invasive mo 


BRONCHOSPASTIC DISEA DISEASES. SHOULD, IN GEN- 
ERAL, NOT RECEIVE BETA BLOCKERS. Becausa of 
Hs relative beta, selectivity, Lopressor may be used 


' ‘with extreme caution In patients with bronchospastic 


disease. Because it is unknown to what extent beta,- 
ts may exacerbate m rdial 
Igchemia andthe the extent of Infarction, these agents 
should not be used prophylactically. tf broncho- 
spasm not related to congestive haart failure occurs, 


' Lopressor should be discontinued. A theophylline 


derivative or a agonist be administered 

pde pid depending on the clinical condition of 
the. patient. Both theophylline derivatives and 

agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 
General 


e In patients with im- 
nforma for Patients 


shouid ba advised to take Lopressor absent iie e 

, as directed, with or immediately 
E should be missed, the patr shouid ako 
oriy he nox chere dove witout dubing i? Pato 
should not discontinue Loprassor without 


ents should know how they react to this medicine 
before they e ierra Wee and machinery or e 
cierra a alertness. Patients should 


the physician if felt In breathing occurs, and before 
surgery of tll A should inform the physician 
he pid taking Lopressor. 
Laboratory Tests 
Clinica findings may include elevated levels of 


sorum transaminase, alkaline phosphatase, and lactate 


Drug iniraciona à x 

8.9., reserpine ave 
Catecholamine depleting drugs ( x bele-biocking agonia: 
Patients treated with Lopressor 


us & catecholamine de- 


etor should therefore be observed for evidence of 
ension or marked which may produce 
vertigo, syncopa, or 
Carcinogenesis, Mutagenesis, impairment of 
Fertility 


suec mecrophagas in imonary 
alveol! and a slight increase In biliary Mperntesla. Neither 
aang press symptoms of a known disease in 

a 21-month study In mice at three oral dosage loves 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more Tore frequentiy if in female mice recaty- 
Ing the highest dose than in untreated contro! animais. 
There was no increase in malignant or total (benign plus 
malignant) kung tumors, nor in the overall incidence of tu- 
mors or mallgnant tumors. or biological sg Was r&- 


Proin Ceu on e sa A (osha treated and control 


hcl Malo ala 


Pregnancy Ca ory AR 

Reproduction os been performed in rats at doses 
up to 55.5 times the maximum el ar a er a 
and have revealed no evidence of impaired fertility or 


oetooer due to Lopressor. Increased postimplantation 
Bhd deceased nemigial sine ded ecu E Te 


studies in mice confirm the fetus when 

Lopressor is adrninistered to the nant animal. There are 

no adequate and well-controlled in 

women. Because animal reproduction stu are not al- 
ways predictive of human , this dru should be 

used pregnancy Gry clearly n 

Nursing 

Lopressor la excretion in nia mikin small quantity, 

An infant consuming 1 liter of breast milk dally would receive 


a dose of less than 1 mg of the drug. Caution should be 
onu when Lopressor is administered to a nursing 


Pediatric Use 
and efeciveness In children have not been 


ADVERSE REACTIONS 


eM s Tdi fae Bech eid 

as n 
about 1 of 100 patients. Vertigo, See ook 
nations, headache, dizzineas, visual disturbances, con- 
fusion, and reduced libido have also been reported, buta 
d relationship is not clear. 

: in the randomized comparisan of 
"ene and placebo described in the CLINICAL PHAR- 

OT saction, the following adverse reactions were 

reported: 


Changing the Course 
of Cardiovascular Care 
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metoprolol tartrate 





ecl. Bp Hg) 27.4% 23.2% 

c BP < 80mm 

Brodycardia 5.9% 8.7% 
(heart rate < 40 beats/min) 

Secand- or 4.7% 4.7% 
third-degree heart block 9 

First-d 5.3% 1.9% - 

heat Block (P-R = 0.26 sec) 
27.5% 29.6% 


pena Dyspnea of Pane oripa DAS Sgen re- 
ported in fewer than 1 100 pater 
Gastrointestinal: N 


ben reported. bui a drug relationship is not clea 
Adverse Reactions 

aaah dele Toaca nOr moa Rava havi baan 
reported other beta- og locking agents 
A DO conexoren Ponia: adversa reactions to 


place, short 
tern memory loss, emotional lability, slightly clouded sern- 
sorium, and decreasad performance on 

ropsychom 


neu 
Cardiovascular: intensification of AV block (see CON- 
TRADAT 


ives RS Spank gl ai n 


and sore throat, iaryngospasm, and respiratory distress. 
DOSAGE AND ADMINISTRATION 
Myocard rctlon 


of Lopressor each; the in 
2-minute intervals. During the intravenous 


nitravenous 
continued-for 48 hours. Thereafter, patients should receive 
a maintenance dosage of 100 mg twice dally (see Late 


Patients who appear not to tolerate the full intravenous 
dose should be started on either 25 mg or 50 mg every 
erri rules onde dead 15 
minutes after the tast intravenous dose 


patients 
with Lopreesor should be dis- 
continued (see WARNINGS) 
Late Treatment: Patients with contraindications to treat- 
Hip eke: leer a Bars lei mcr ay 
myocardial infarction, patients who appear not to tolerate 


suggest Pa reatmont should be conus Kr T- 3 years. 
Parenteral drug products should bet 
visually for particulate matter and discolora 
or to administration, whenever solution and con- 
Iner permit. 
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. Value of Hepatic Computerized Tomographic Scanning 


During Amiodarone Therapy | 


JAMES MARKOS, MBBS, MAURICE E. VERONESE, BPharm, 
MICHAEL R. NICHOLSON, MBBS, STUART McLEAN, MPharm, PhD, 
and JOHN E. SHEVLAND, MBBS 


Amiodarone therapy Is difficult to monitor because 
of the poor correlation between plasma amiodarone 
levels and clinical efficacy or toxicity. Monitoring 
tissue levels may give a better measure of effec- 
tiveness, but tlssue levels cannot be easily mea- 
sured. The fodine-containing amiodarone and Its 
major metabolite, desethylamlodarone (DA), are 
highly tlssue-bound, and It has been shown that 
computerlzed tomographic (CT) scanning of the 
abdomen will detect drug deposition In the liver. Ten 
patients receiving chronic amiodarone therapy were 
studied by abdominal CT scanning. Liver CT density 
was increased in 6; 68 to 94 CT units (normal 50 to 


Amiodarone is a remarkably effective antiarrhythmic 
drug,! but the prolonged elimination half-life of 13 to 
60 days*~ and the lack of a clear relation between blood 
levels and clinical efficacy makes clinical monitoring of 
therapy difficult. Thus, when an arrhythmia occurs 
during amiodarone therapy, one cannot be certain 
whether this represents failure of the drug, insufficient 
dosage or a proarrhythmic effect. Therapy has been 
monitored using blood levels? and QTc prolongation, 
but the clinical usefulness of these is not clearly estab- 
lished. Tissue levels of the drug, especially myocardial 
levels,” are likely the most accurate guide to effective 
therapy but cannot be easily measured. 

Amiodarone is metabolized principally to desethyl- 
amiodarone (DA).8 It is not known if DA is pharma- 
cologically active. Both compounds are extensively 
tissue-bound, especially in the liver, where concentra- 
i as high as 890 mg/kg for amiodarone and 6,500 
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65) and liver/spleen relative CT density Increased 
In 5; 1.4 to 2.0 (normal 1.0 to 1.3). Estimates of liver 
drug levels (based on a calibration curve with In- 
organic lodide) gave values of up to 3 g of ami- 
odarone and DA per kilogram welght of liver. Ab- 
solute and relative liver CT density correlated 
significantly with plasma levels of DA (r — 0.65, p 
<0.05), but not with amlodarone (r = 0.55, p « 0.1). 
No significant correlation was found with QTc In- 
tervals. This indirect estimate of liver deposition of 
amiodarone and DA may prove useful in gulding 
antiarrhythmic therapy. 

(Am J Cardiol 1985;56:89-92) 


mg/kg for DA have been reported.?:1? Amiodarone is an 
iodine-containing molecule (almost 40% iodine by 
weight)!! and hepatic deposition results in increased 
liver radiodensity on abdominal computerized tomo- 
graphic (CT) scanning.!?:13 We examined the relation 
between the increased liver attenuation measured by 
CT scanning and plasma amiodarone and DÀ levels and 
QTc intervals to determine whether a liver CT scan 
may be a means of identifying the tissue load of 
amiodarone. 


Methods 


Patients: We studied 10 patients, mean age 68 years (range 
49 to 81), who were receiving stable chronic amiodarone 
therapy. The tachyarrhythmia was ventricular in 3 cases, 
supraventricular in 6 cases, and both in 1 case. Loading doses 
of 600 to 800 mg/day were given for several weeks, followed 
by progressive reduction to a single maintenance dose of 200 
mg/day in 7 patients and 100 mg/day in 3 patients. The mean 
duration of therapy was 14 months (range 9 to 20), with a 
mean cumulative dose of amiodarone of 100 g (range 65 to 
140). The mean duration of stable therapy was 6 months 
(range 2 to 9). Clinical details are listed in T'able I. 

Liver computerized tomographic scan: A General 
Electric model 8800 computerized tomographic scanner was 
used to obtain a 1-cm transverse section of the upper abdo- 
men. The optimal position was ND viewing a 


- 80 — "AMIODARÓNE DEPOSITION IN THE LIVER 


TABLE! Clinical Data 








Amiodarone Therapy 
Patient Characteristics À 
Total Total Current Duration of 
Age (yr) Concurrent Duration Dose Dose Stable Dose 
Pt & Sex Diagnosis Arrhythmla Therapy (mo) (g) (mg/day) (mo) 
1 73M CAD AF B 20 140 100 4 
2 69M CAD VT, VF D, DI, H, K, N 19 110 200 4 
3 72M CAD AF, AFI B 19 130 100 6 
4 52M CCM AF D, DI, N 17 70 100 8 
5 72M CAD AF A, B, D, DI, Ni, P 15 110 200 9 
6 77M CAD VT NI — 11 120 200 6 * 
7 77F CAD VT, SVT D, DI, Q, N, NI . 10 70 200 3 
8 59M CAD Do 10 70 200 9 
9 49F CAD AF, AFI D, DI, K 10 110 200 2 
10 81F idio S DiI 9 85 200 8 
Mean 68 14 100 170 6 
SD +11 +4 +28 +48 +3 


. A = allopurinol; AF = atrial fibrillation; AFi = atrial flutter; B = 8 blocker; CAD = coronary artery disease; CCM = congestive cardiomyopathy; 
D = digoxin; DI = diuretic; Do = doxepin; G = glibenclamide; H = hydralazine; Idio = idiopathic; K = potassium; N = nitrates; Ni = nifedipine; 
_ P = prednisolone; SD = standard deviation; SVT = supraventricular tachycardia; VF = ventricular fibrillation; VT = ventricular tachycardia; — 


= no therapy. 


number of adjacent sections and selecting the slice that in- 
cluded the maximal liver dimension together with a large 
amount of spleen. Measurements were obtained by averaging 
the CT number of several representative 1-cm squares of 
homogenous tissue, taking care to avoid obvious vascular, fi- 
brous or other nonhomogenous markings. The liver and spleen 
CT numbers were also expressed as a liver to spleen ratio. Our 
. normal range for an age-matched control population for liver 
is 50 to 65 CT units and normal liver/spleen is 1.0 to 1.3 CT 
units. 
." Calibration of computerized tomographic scan: The 
deposition of amiodarone and DÀ in the liver could be esti- 
"mated by comparing the observed increase in liver CT' density 
with that obtained for standard aqueous solutions of potas- 
sium iodide (KI). Because it is the iodine atom that is radio- 
dense, we have assumed the 2 moles of KI should increase 
‘the CT number by as much as 1 mole of amiodarone or DA. 
Stock solutions of KI were prepared by filling a 16-liter cy- 
lindrical plastic container (diameter 28 cm) before being po- 
sitioned in the CT scanner. The CT density increased linearly 
with increasing concentrations of iodide over the range 0 
to 0.03 moles I/liter (slope 3102.45, y-intercept —1.073, r = 
d eid Thus, 1 CT unit was equivalent to 3.22 X 1074 moles 
Iter. 
Plasma levels: Blood was collected immediately before and 
6 hours after a dose of amiodarone. The actual time to peak 
level has been reported to vary from 2 to 10 hours.!* Trough 
levels were repeated 3 weeks later to confirm steady state. The 
collected blood was heparinized, centrifuged within 1 hour and 
the plasma then stored at —20?C until analyzed. Plasma 
concentrations of amiodarone and DA were determined by 
high-pressure liquid chromatography using the method of 
‘Brien et al,1? except that the mobile phase was, methanol- 
water-ammonium hydroxide (93.3:5.5:1.2 v/v/v) with a flow 
rate of 0.8 ml/min. Calibration curves were obtained by adding 
vàrious amounts of methanolic stock solutions of amiodarone 
and DA to blank plasma. The assay sensitivity was 0.05 ug/ml 
for both compounds. T'he within-day coefficient of variation 
„was less than 6% for amiodarone and DA. 


Results 


Patients: The tachyarrhythmia was controlled by 
amiodarone in all patients. Mild liver function abnor- 
malities were present in 2 patients (nos. 4 and 5) before 


M. 


amiodarone was commenced and were suspected to be 
alcohol-related. No patient showed an increase in he- 
patic enzyme levels during the study. 

Electrocardiograms: Ali patients were in sinus 
rhythm, 3 with bundle branch block (BBB). A pro- 
longed QTc (longer than 440 ms) was present in 4 of the 
7 without BBB both before and after amiodarone. The 
increase of QTc after amiodarone did not correlate with 
plasma drug levels. 

Liver computerized tomographic scan: Elevated 
liver CT density (more than 65 CT units) was present 
in 6 patients, and an elevated liver/spleen CT density 
(more than 1.3) was seen in 5. Only 1 of the 6 patients 
with elevated liver density (68 CT units) had a normal 
CT ratio (1.2). The mean liver density was 72 + 13 (+ 
standard deviation) CT units (range 52 to 94) and this 
differed significantly from the control group mean, 59 
+ 6 (p <0.025). The mean spleen density of 52 + 5 CT 
units (range 40 to 57) was not significantly different 
from the control group mean 50 + 5 (p 20.5). The mean 
liver/spleen density was 1.4 + 0.3 (range 1.1 to 2.0), and 
this differed significantly from the control group mean 
1.2 + 0.1 (p <0.025). Results are listed in Table II. A 
representative CT scan with liver density of 80 CT units 
and ratio of 1.6 (patient 8) is shown in Figure 1. No 
significant correlation was found between liver or 
liver/spleen CT density and QTc intervals, daily dosage 
or cumulative dose. 

Estimation of liver amiodarone concentration: 
The deposition of amiodarone and DÀ in the liver can 
be estimated quantitatively from the relation between 
iodide concentration and CT density described in 
Methods, if one accepts the increased density to be a 
result of the deposition of these compounds. Each CT 
unit is equivalent to 3.22 X 1074 moles I/liter. This 
equals 1.61 X 10-4 moles of amiodarone and DA per 
liter, or 0.104 g/liter of both compounds, which also 
approximates to the same figure in grams per kilogram 
wet weight of liver. CT scans before and after therapy 
would allow calculation of liver deposition more pre- 
cisely, but in the absence of pretreatment scans, an 
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TABLE ff Plasma Levels and Computerized Tomographic Scan 
Plasma Levels (pg/ml) 


Trough 

Pt A DA A 
| 1 0.59 0.63 0.77 
| 2 0.61 0.85 0.90 
| 3 0.59 0.82 0.66 
: 4 0.29 0.38 0.56 
| 5 1.53 1.30 1.58 
T 6 1.75 2.20 2.10 
| 7 1.18 1.23 116 

8 1.10 0.84 1.55 

| 9 0.90 1.08 1.03 
| 10 0.55 0.82 0.88 
| Mean 0.91 1:01 111 

+SD +0.47 +0.50 +0.48 


ratio, 1.0 to 1.3. 


Peak CT Density (CT Units) 

DA Liver Spleen L/S Ratio 
0.62 64 53 1.2 
0.94 61 57 1-1 
0.80 83 56 1.5 
0.44 52 40 1.8 
1.21 85 49 1.3 
2.20 94 48 2.0 
1.35 68 57 1.2 
1.08 80 51 1.6 
0.99 86 58 1.5 
0.88 68 48 1.4 
1.05 72 52 1.4 

+0.48 +13 +5.4 +0.3 


Normal ranges: liver CT density, 50 to 65 CT units; spleen CT density, 45 to 60 CT units; liver spleen 


A = amiodarone; CT = computerlzed tomographic; DA = desethylamiodarone; L/S ratio = ratlo of 


approximation can be obtained by using the upper limit 
of normal (65 CT units) as the pretreatment density. 
For example, in patient 6, with liver density of 94 CT 
units, the increased density of 29 units represents about 
3 g of amiodarone and DA per kilogram wet weight of 
liver. This value falls within the range reported from 
postmortem studies of 0.75 to 7.39 g/kg wet weight.!? 

‘Plasma levels: Mean plasma trough levels of ami- 
odarone were 0.49 + 0.17 pg/ml at a dose of 100 mg/day 
and 1.09 + 0.45 ug/ml at 200 mg/day; this difference is 
just significant (p = 0.05). Mean plasma trough levels 

o were 0.61 + 0.22 ug/ml at 100 mg/day and 1.19 + 
0.49 ug/ml at 200 mg/day (p <0.1). Repeat trough levels 

3 weeks later were unchanged (p >0.5), confirming 
hie state during the study. Plasma levels are listed 
in Table II. 

: The liver CT density correlated significantly with 
plasma trough levels of DA (r = 0.65, p <0.05) but not 
with amiodarone (r = 0.55, p <0. 1). Similarly, the 
liver/spleen density correlated significantly with plasma 
trough levels of DA (r = 0.67, p <0.05), but not with 
amiodarone (r = 0.56, p «0.1). When the plasma trough 
levels of amiodarone and DA were summated for each 
patient and compared with liver CT density (which 
reflects both agents), the correlation was r = 0.63 (p 
<0. 05) and with liver/spleen CT density, r = 0.63 (p 
<0.05). No significant correlation was found between 
plasma levels and QTc intervals, daily dosage or cu- 
mulative dose. 


Discussion 


In this study, we investigated the hypothesis that the 
liver radiodensity, determined by CT scanning, may 
indirectly measure the body store of amiodarone and 
DA. The iodine-containing amiodarone and DA are 
known to be highly tissue-bound, especially in the 
liver,?* where deposition has been demonstrated by 
enzymatic digestion and chemical analysis of liver 
specimens.!? Liver CT scanning is known to show at- 
tenuation due to the deposition of the iodine-containing 
amiodarone and DA.12.13 


liver to spleen CT density; SD = standard deviatl 


We found abnormally elevated CT density of the liver 
in 60% of our patients and elevated liver to spleen rel- 
ative CT density in 5095, and this almost certainly re- 
flects liver deposition of the iodine-containing mole- 
cules. Absolute and relative liver CT density correlated 
significantly with plasma trough levels of DA and with 
total amiodarone and DA but not with amiodarone 
alone. This better correlation with DÀ may be explained 
by the reported higher liver deposition of the metabolite 
as compared with the parent compound.®-!° We did not 
find any correlation between CT density and Q'Tc pro- 
longation, although 4 of the patients without BBB al- 
ready had a prolonged QT' interval and, hence, only in 
3 patients might it be expected that the change in the 
QTc interval would be related to amiodarone plasma 
levels. 

CT density of the liver may be useful in guiding am- 
iodarone therapy, especially in patients whose ar- 
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FIGURE 1. Computerized tomographic (CT) scan of patient 8 showing 
Increased liver {L} CT density of 80 units (normal 50 to 65) and a liver/ 
splaen (S) CT ratio of 1.6 (normal 1.0 to 1.3). 
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CONGESTIVE HEART FAILURE: 





Immediate Effects of Milrinone on 1 Metabolic and 


Sympathetic Responses to Exercise 
in Severe Congestive Heart Failure 


L. HOWARD HARTLEY, MD, and. WILSON S. COLUCCI, MD 


| = HARVEY D. WHITE, MB, ChB, JORGE PINTO RIBEIRO, MD, ScD, 





A! randomized, double-blind, placebo-controlled 


protocol was used to determine whether milrinone " 


exerts an Immediate effect on exercise performance 
in patients with severe congestive heart fallure. In 
each of 14 patients with New York Heart Association 


- class Ill or IV congestive heart fallure, Intravenous . 


milrinone (mean 57 + 5 ug/kg) and placebo were 


randomly. administered just before maximal pro- ` 


gressive upright cycle ergometry. The duration of 


exercise was significantly longer with milrinone than. 


with placebo treatment (placebo 11.0 + 0.6 min- 
utes, milrinone 12.5 + 0.9 minutes, p = 0.01). 
Compared with placebo, milrinone caused a higher 
pea ak oxygen uptake (placebo 10.8 + 0.6 ml/kg/ 


gen uptake at the anaerobic threshold (placebo. 


. S , milrinone 12.4 + 0.7 ml/kg/min, p = 0.001) and 


+ 0.4 ml/kg/min, milrinone 9.2 + 0.4 ml/kg/min, 


p = 0.001). At peak exercise intensity, systolic ` 


. ng/liter, milrinone 1,320 3- 216  ng/Iiter, p 


blood pressure (placebo 119 + 5 mm Hg, milrinone 
131 + 5 mm Hg, p = 0.001) and heart rate (placebo 
114 + 5 beats/min, milrinone 126 + 6 beats/min, 
p = 0.001) were both Increased with milrinone. 
Likewise, at matched submaximal exercise inten- 


sities, heart rate (placebo 111 + 19 beats/min, 


milrinone 117 + 20 beats/min, p <0.05) and systolic 
blood pressure (placebo 116 + 19 mm Hg, milrinone 
121+ 19 mm Hg, p = 0.04) were higher with mllri- 
none; plasma norepinephrine (placebo 1,692 + 208 
= 0.05) 
and blood lactate concentrations (placebo 2.2+0.2 
mM, milrinone 1.9 + 0.2 mM, p <0.05) were lower. 
These data indicate that the administration of mil- 


. rinone acutely causes an improvement In maximal 


exercise performance and the metabollc response 
to submaximal exercise. | 
| (Am J Cardiol 1985; 56: 93-98) 





. In patients with severe congestive heart failure (CHF), -~ 
acute administration of systemic vasodilators and. 
positive inotropic agents causes substantial improve- 
. ments in hemodynamic performance at rest and during: - 
rcise. However, for vasodilators, including hydral- ~ 
ihe, isosorbide dinitrate, prazosin and captopril, as - 
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well the positive inotropic sympathomimetic agents 
dopamine and dobutamine, acute hemodynamic i im- 
provement is generally not accompanied by an imme- 
diate increase in maximal exercise capacity. -T ` 
Amrinone, and its more potent analog milrinone, 
exert positive inotropic and direct vasodilator actions 
in experimental animals!? and humans,!!-18 


There is little information, however, regarding the acute 


dx Cardiovascular Division and Department - Medicins, V . ~ effects of these agents on exercise capacity. Although 


an increase in maximal exercise capacity has been ob- 


.-. gerved during oral administration of amrinone!*!’ and 


milrinone,!* these findings cannot be extrapolated to 
imply an improvement in exercise capacity with acute. 
drug administration, since an improvement in exercise 


performance with chronic therapy may occur in the- 


absence of an acute effect, and. may be influenced by 
training effects. 41418 To date, there have been no dou- 
ble-blind, placebo-controlled trials of the effects of acute 
administration of amrinone or milrinone on maximal 


. exercise. performance. This — ám 
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‘TABLE! Clinical Characteristics 








Age (yr) '^ NYHA LVEF 
"SP &Sex — Cause l-V Rhythm (%) 
1 65M CAD . 3 S 15 
2 48F CAD 3 S 15 
3 72M CAD 4 VP 24 
4 52M CAD 3 S 21 
5 65M CAD 4 AF 15 
6 53M CAD 3 S 11 
7 56M CAD 3 S 12 
8 68M CAD 3 S 13 
9 54M CAD 3 S 28 
10 48M CAD 3 S 27 
11 66M CAD 3 S 20 
12 48M IDC 3 S 3 
13 67M IDC 4 S 28 
14 66M IDC 3 S 26 
59 18 


"^ Mean ; 
. -ESEM +2 +2 


AF = atrial flutter; CAD = coronary artery disease; IDC = 
dilated thy; LVEF = left ventricular ejection fraction; NYHA 
: = New York Heart Association class; S = sinus; SEM = standard error 
-of the mean; VP = ventricular paced rhythm. 


idiopathic 


whether milrinone exerts an immediate, direct effect on 
exercise performance in patients with severe CHF. A 
randomized, placebo-controlled, double-blind protocol 
-was used to administer milrinone intravenously in a 
` hemodynamically effective dosage, and exercise was 
. quantitated by cycle ergometer using a progressive in- 
: tensity protocol. 


Methods 


_ Patient group: The study group consisted of 14 consecutive 
. patients in whom severe symptomatic (New York Heart As- 
. sociation functional class III and IV) CHF persisted despite 
^. therapy with digitalis and diuretic drugs in all patients and 
vasodilators in 13 patients (captopril, 9 patients; hydralazine, 
2 patients; and nitrates, 5 patients). Clinical characteristics 
of the patient group are described in Table I. The cause of 
CHF was coronary heart disease in 11 patients and idiopathic 
. dilated cardiomyopathy in 3. No patient had angina pectoris, 
intermittent claudication or significant pulmonary dis- 
ease. Twelve patients were in sinus rhythm, 1 had atrial flutter 
.and 1 had a ventricular paced rhythm. The left ventricular 
ejection fraction at rest, measured by radionuclide ventricu- 
lography, was less than 0.30 in all patients. The patients re- 
ceived intravenous milrinone according to a graded-dose ti- 
'- tration protocol!? on 1 occasion 2 to 5 days before entry into 
the study, and no patient had previously received oral milri- 
none. The protocol was approved by the Committee for the 
Protection of Human Subjects from Research Risks of the 
: Brigham and Women's Hospital, and each patient gave in- 
' : formed consent. 
`; Protocol: Digitalis and diuretic therapy was maintained 
constant throughout the study, and vasodilators were dis- 


' continued at least 4 days before the first exercise evaluation. ' 


' On consecutive days, patients performed 2 maximal upright 
' exercise tests on a mechanically braked cycle ergometer. The 
. exercise tests were performed at the same time of the day, 2 
‘hours after a light meal and at least 4 hours after receiving 
. diuretic drugs. A practice period on the cycle ergometer was 
conducted on the day before the first exercise test. Five min- 
> utes before the start of exercise, either milrinone or a simi- 
lar-appearing placebo solution was administered intrave- 
. nously by a slow bolus infusion over 45 seconds. The order of 


‘administration was randomly assigned by the drawing of cards - 


from an envelope containing 14 cards, 7 designating that 
milrinone be administered first and 7 that placebo be ad- 
ministered first. Both the patient and physician conducting 
the test were blinded to the true indentity of medication. 
Seven patients were randomized to milrinone for the first test, 
and 7 received placebo first. The dose of milrinone (25 ug/kg, 
2 patients; 50 ug/kg, 6 patients; 75 ug/kg, 6 patients) was se- 
lected based on the prior response of each patient to milrinone 
during supine drug administration at rest. In all cases, the dose 
chosen was the one that previously had increased the cardiac 
output at rest by at least 30%. 

Before exercise testing, a short No. 18 polyethylene cannula 
was inserted into an antecubital vein and kept patent by a slow 
infusion of 5% dextrose in water. Patients rested in the supine ` 
position for 15 minutes, after which venous samples were 
taken for determination of blood lactate and plasma cate- 
cholamine concentrations. Patients then assumed the upright 
position and were monitored until a stable baseline was ob- 
tained for respiratory gas exchange. Blood samples were taken 
before the test, every 3 minutes during exercise, at peak 
exertion, and at minutes 3 and 6 during the recovery phase. 
Blood was taken for plasma milrinone concentration at the 
third minute of the recovery period. 

Patients pedaled the cycle ergometer at a rate of 60 rpm. 
Starting with no resistance (0 W), exercise intensity was in- 
creased at 3-minute intervals by 15-W increments until 
symptomatic maximum (i.e., until severe dyspnea or fatigue 
made them unable to continue).2° No patient had angina 
pectoris during exercise. Heart rate and a 12-lead electro- 
cardiogram were continuously monitored before, during and 
after exercise. Before the start of exercise and at the end of . 
each stage, blood pressure was measured using a standard arm 
cuff. Before and during exercise testing, patients breathed 
through a 3-way valve connected to a Beckman metabolic cart 
that continuously measured ventilatory function, oxygen 
uptake and carbon dioxide output, with a hard-copy printout 
at 30-second intervals.?)-?? Immediately before exercise, the 
Beckman metabolic cart was calibrated with gas mixtures of 
known concentrations and standard volumes. Maximal ex- 
ercise capacity was assessed by the total duration of exercise 
performed, maximal power output and.peak oxygen uptake 
(Vomax). Ventilatory variables were calculated using stan- 
dard equations,” and the anaerobic threshold was estimated 
by visual inspection of ventilatory curves to determine the 
oxygen uptake at which the ventilatory equivalent of oxygen 
increased without a concomitant increase in the ventilatory 
equivalent for carbon dioxide.?922?4 All ventilatory curves 
were analyzed by one of the investigators, who was blinded to 
the drug order. 

Blood lactate levels were measured enzymatically in du- 
plicate, and the maximal blood lactate level was considered 
the highest value obtained at peak exercise or during the re- 
covery period. Plasma norepinephrine and epinephrine con- 
centrations were determined by a radioenzymatic assay,~ with 
normal supine resting levels in our laboratory as follows (mean 
+ 1 standard deviation): norepinephrine 213 + 30 ng/liter, 
epinephrine 28 + 8 ng/liter. Plasma milrinone concentration 
was determined by high performance liquid chromatography, 
as described by Edelson et al. 

To evaluate the effects of milrinone at E E exercise 
levels, metabolic and cardiovascular responses to placebo and 
milrinone were compared in each patient at the same exercise 
intensity, chosen as the last exercise stage completed before 
the maximal work intensity obtained with placebo. 

Statistical methods: All data are presented as mean + 
standard error of the mean. The data were compared using. 
analysis of variance for repeated measures. Where BPDFODEE- 
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TABLE i! Cardiovascular, Metabolic and Ventilatory Responses to Peak Exercise with Placebo or Milrinone 


Exercise . 
Duration Power Vomax 
Pt Drug (min) (Ww) {ml/kg/min} 
d Placebo 8 30 7.8 
| Milrinone 10 45 10.2 
2 Placebo 12 45 12.3 
Milrinone 13 60 13.3 
3 Placebo 11 45 7.8 
| Milrinone 8 30 7.8 
46 Placebo 14 60 12.5 
Milrinone 17 75 14.2 
5 Placebo 12 45 8.7 
| Milrinone 14 60 11.0 
6 Placebo 10 45 10.5 
| Milrinone 14 60 12.4 
7 Placebo 11 45 10.5 
Milrinone 12 45 11.2 
8 Placebo 8 30 9.9 
| Mllrinone 10 45 11.8 
9 Placebo 13 60 15.6 
! Milrinone 14 60 17.4 
10 Placebo 15 60 11.2 
| Milrinone 20 90 12.8 
" Placebo 10 45 11.2 
Milrinone 9 30 12.6 
12 Placebo 13 60 13.6 
| Milrinone 15 75 16.5 
13 Placebo 11 45 7.6 
| Milrinone 13 60 12.4 
14 Placebo 9 30 11.4 
| Milrinone 7 30 9.8 
Mean Placebo 11 46 10.8 
+ SEM +1 +3 +0.6 
Mean Milrinone 13 55 12.4 
+SEM +1 +5- +0.7 
| p value <0.02 <0.03 <0.001 


HR SBP Lact Milrinone 
(beats/min) (mm Hg) R (mM) (ng/ml) 
100 .106 1.19 N/A N/A 
110 110 1.16 2.2 N/A 
135 128 1.11 4.5 0 
142 134 1.11 5.5 421 
70 120 0.97 3.5 10 
70 126 0.97 3.4 324 
128 84 1.23 2.9 N/A 
139 120 1.22 2.7 N/A 
108 114 0.81 2.9 0 
126 120 0.87 3.1 236 
118 108 1.08 3.9 0 
132 110 1.06 2.9 210 
115 134 1.08 1.7 0 
125 140 1.19 1.7 286 
110 118 1.10 2.8 5 
130 128 1.07 3.3 268 
122 158 1.04 3.5 0 
138 166 1.05 4.7 171 
127 138 1.03 4.7 8 
140 140 1.08 5.5 264 
88 93 1.11 2.7 0 
97 108 1.04 2.6 293 
153 110 0.95 3.3 0 
170 138 1.00 5.1 199 
119 134 1.18 3.6 0 
130 150 0.09 3.0 315 
107 126 1.05 2.8 0 
115 140 1.16 2.9 85 
114 119 1.07 3.3 2 
+5 +5 +0.03 +0.2 +1 
126 131 1.08 3.6 260 
+6 +5 +0.02 +0.3 +25 

<0.001 <0.001 NS NS 


| 
= heart rate; Lact = blood lactate concentration; Milrinone = plasma milrinone concentration (''0” = level not detectable); N/A = not available; 


up 


ate, the Duncan multiple range test was used to evaluate dif- 
ferences, which were considered significant if the null hy- 
do en could be rejected at the 0.05 probability level. 


| Results 


The effects of milrinone on peak exercise 
capacity: Compared with placebo, milrinone resulted 
in a significant increase in exercise duration (placebo 
11.0 + 0.6 minutes, milrinone 12.5 + 0.9 minutes, p = 
0.02), maximal exercise power output (placebo 46 + 3 
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FIGURE 1. Exercise duration, peak oxygen (O5) uptake and 
oxygen uptake at the anaerobic threshold during maximal 
cycle ergometry after acute Intravenous administration of 
milrinone (mean dose 57 + 19 ug/kg) or placebo to 14 pa- 
tients with severe congestive heart fallure. 
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NS as not significant; R = respiratory exchange ratio; SBP = systolic blood pressure; SEM = standard error of the mean; Vosmax = peak oxygen 
e. ` 


W, milrinone 55 + 5 W, p = 0.03) and VOgmax (placebo 
10.8 + 0.6 ml/kg/min, milrinone 12.4 + 0.7 ml/kg/min, 
p = 0.001) (Table II, Fig. 1). Peak oxygen uptake with 
milrinone was increased in 12 patients, unchanged in 
1 patient and decreased in 1 patient. The anaerobic 
threshold occurred at a significantly higher oxygen 
uptake with milrinone, increasing from 7.8 + 0.4 to 9.2 
+ 1.4 ml/kg/min (p = 0.01), and was increased in 13 of 
14 patients (Fig. 1). The anaerobic threshold, expressed 
as a percentage of VOsmax, was equivalent for the 2 tests 
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(placebo 73.8 + 2.8%, milrinone 75.5 + 2.2%, difference 
not significant [NS]). Milrinone caused an increase in 
peak ventilation from 42 + 1 to 46 + 3 liters/min (p = 
0.002). 

The heart rate at rest (placebo 90 + 4 beats/min, 
inilrinone 89 + 5 beats/min, NS), systolic blood pressure 
(placebo 103 + 4 mm Hg, milrinone 103 + 4 mm Hg, 
NS) and oxygen uptake (placebo 3.9 + 0.1 ml/kg/min, 
milrinone 4.0 + 0.1 ml/kg/min, NS) were equivalent 
before the 2 tests. Heart rate (placebo 114 + 5 beat/min, 
‘milrinone 126 + 6 beats/min, p = 0.001) and systolic 
‘blood pressure (placebo 119 + 5 mm Hg, milrinone 131 
+ 5 mm Hg, p = 0.001) were higher at peak exercise with 
milrinone, resulting in a higher double product (placebo 
13,700 + 900, milrinone 16,510 + 4,300, p = 0.001). The 
respiratory exchange ratio and blood lactate concen- 


trations at peak exercise were unchanged by milrinone | 


(Table II). The plasma norepinephrine concentration 
at peak exercise was not affected by milrinone (placebo 
2,065 + 257 ng/liter, milrinone 1,922 + 322 ng/liter, NS), 
nor was plasma epinephrine concentration affected 
(placebo 189 + 119 ng/liter, milrinone 198 + 145 ng/ 
liter, NS). 
_ Effects of milrinone on responses to submaximal 
‘exercise: Milrinone and placebo were compared at 
‘equal submaximal power outputs, chosen for each pa- 
tient as the stage just before that at which peak power 
- was obtained on placebo. Matched in this way, oxygen 
uptake was the same for the 2 tests (placebo 8.8 + 0.6 
ml/kg/min, milrinone 9.0 + 0.6 ml/kg/min, NS). When 
expressed as a percentage of maximum, oxygen uptake 
at this exercise intensity was lower with milrinone 
(placebo 83 + 3%, milrinone 74 + 4%; p = 0.001). At this 
matched submaximal power output, heart rate and 
blood pressure were both signifcantly higher with mil- 
Tinone, as was the double product (placebo 13,000 + 973, 
milrinone 14,300 + 1,027, p <0.05). 

Before milrinone or placebo administration, plasma 
norepinephrine concentration was elevated in the su- 
pine state at rest, and was the same for the 2 tests 
(placebo 590 + 97 ng/liter, milrinone 617 + 108 ng/liter, 
NS). With assumption of the upright cycle posture, 
plasma norepinephrine concentration increased to a 
similar degree for both tests (placebo 783 + 127 ng/liter, 
milrinone 748 + 139 ng/liter, NS). Before milrinone or 
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placebo administration, blood lactate concentration was | 
the same for the 2 tests (placebo 1.3 + 0.2 mM, milri- 
none 1.4 + 0.2 mM, NS). | 

At matched submaximal power outputs, plasma 
norepinephrine (placebo 1,692 + 208 ng/liter, milrinone 
1,320 + 216 ng/liter) and blood lactate concentrations 
(placebo 2.2 + 0.2 mM, milrinone 1.9 + 0.2 mM) were 


both significantly lower with milrinone (Fig. 2). Before 


milrinone or placebo administration, plasma epineph- 
rine concentration in the supine position at rest wagthe 
same for both tests (placebo 67 + 11 ng/liter, milrinone 
56 +: 3 ng/liter, NS) and did not change with assumption 
of the upright bicycle position (placebo 68 + 11 ng/liter, 
milrinone 56 + 3 ng/liter, NS vs supine). Plasma epi- 
nephrine concentration increased significantly with 
exercise, and at matched submaximal intensities tended 
to be lower with milrinone (placebo 130 + 78 ng/liter, 
milrinone 100 + 61 ng/liter), although the difference was 
not statistically significant. . 
Plasma milrinone concentration: The plasma 


milrinone concentration measured in 12 patients 3 


minutes after the end of exercise ranged from 84.5 to 421 
ng/ml (average 260 + 26) (Table II). On the day of pla- 
cebo administration, milrinone was undetectable in 8 
patients and averaged 2 + 1 ng/ml for the group. 


Discussion 


The results of this double-blind, randomized, pla- 
cebo-controlled study show that acute intravenous 
administration of milrinone causes an immediate im- 
provement in maximal exercise performance in patients 
with severe CHF. This conclusion is based on the sig- 
nificant increases in duration of exercise, maximal 
power output, and VOgmax caused by milrinone. In 
further support is the fact that milrinone caused a sig- 
nificant increase in oxygen uptake at the anaerobic 
threshold, an objective measurement that does not de- 
pend on patient motivation, and when analyzed in a 
blinded manner is independent of investigator 
bias.20:22,24 | 

The mechanism by which milrinone caused an im- 
provement in exercise performance in this study is not 
clear. The immediate improvement in maximal exercise 
capacity caused by milrinone is in striking contrast to 
the lack of acute effect seen with vasodilator agents 


. FIGURE 2. Plasma norepinephrine and blood lactate 
concentrations at rest and at a matched level of sub- 
maximal (Submax) exercise after administration of pla- 
cebo or milrinone. For each patient, the exercise intensity 
chosen for comparison was the stage Just before the peak 
power output achleved with placebo. The data were 
tested by analysis of variance for repeated measures and 
the Duncan multiple range test. * p «0.05. 
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including hydralazine, isosorbide dinitrate, prazosin and 
captopril.'+ Because vasodilators acutely cause an in- 
crease in cardiac output both at rest and during exercise, 
the lack of vasodilator-induced exercise improvement 
may indicate that the increase in cardiac output is not 
distributed to exercising muscles, perhaps because they 
are already maximally vasodilated, or have a limited 
capacity to increase nutritive blood flow.):527 Rather, 
the vasodilator-induced increase in cardiac output may 
be distributed to other tonically constricted nonexer- 
cising vascular beds. Milrinone exerts both direct 
vasodilating and positive inotropic effects, and vaso- 
dilation may play a significant role in the overall he- 
modynamic pattern of milrinone's action in patients 
with CHF.!? However, based on the general lack of im- 
mediate effect of most vasodilators on exercise perfor- 
mance, our data suggest that the acute improvement 
caused by milrinone is due, at least in part, to its direct 
positive inotropic action. 

The acute administration of the positive inotropic 
agent dobutamine, although increasing cardiac output 
during exercise, has resulted in only a small increase in 
Vomax. 7,28 Despite an increase in leg blood flow, oxy- 
gen'extraction was reduced by dobutamine, leading to 
the hypothesis that dobutamine, in addition to its 
positive inotropic actions, altered the distribution of 
blood flow in the muscle.’ Thus, it appears that a 
positive inotropic effect is not necessarily associated 
with a proportional improvement in maximal exercise 
capacity. Although further studies are needed, milri- 
none may differ from dobutamine with regard to its 
acute effects on exercise capacity. 

Cardiovascular actions: In contrast to the effects 
of vasodilators,^*5 milrinone caused significant in- 
creases in both heart rate and systolic blood pressure 
during both submaximal and maximal exercise. In pa- 
tients with severe CHF, both heart rate and stroke 
volume fail to increase normally with exercise.70,29,20 
Because of the relatively fixed stroke volume in such 
patients, an increase in heart rate is of particular im- 
portance as a compensatory mechanism for mainte- 
nance of an adequate cardiac output. Milrinone's effect 
on heart rate may have contributed significantly to its 
beneficial effect on exercise performance. Consistent 
with this possibility is the fact that 1 of the 2 patients 
in whom VOomax failed to increase with milrinone ad- 
ministration had a fixed-rate ventricular pacemaker. 
The heart rate increase was most likely a direct effect, 
since milrinone is known to exert a dose-related positive 
chronotropic effect at rest.?1? Alternatively, as a result 
of its|hemodynamic effects, milrinone might have in- 
directly caused a partial correction in the underlying 
abnormality of heart rate control in heart failure. The 
other|patient in whom VOgmax failed to increase with 
milrinone had a plasma milrinone concentration (85 
ng/ml) substantially lower than that of the rest of the 
group, in which it ranged from 171 to 421 ng/ml. Milri- 
none caused an increase in the heart rate-blood pressure 
double product at any given exercise intensity, and 
therefore, may have resulted in an increase in myocar- 
dial oxygen consumption. 

Sympathetic and metabolic responses to exercise: 
Compared with placebo, milrinone caused a significant 


reduction in plasma norepinephrine concentration at 
equal submaximal exercise intensities, whereas at the 
increased peak power output achieved with milrinone, 
plasma norepinephrine concentration was the same as 
during the maximal power output achieved with pla- 
cebo. Plasma norepinephrine concentration at rest was 
elevated, suggesting an increase in basal adrenergic tone 
and, as previously described, it increased markedly, 
even at low levels of exercise intensity.3!9? Because this 
exaggerated sympathetic response appears to be asso- 
ciated with heart failure, the effect of milrinone to re- 
duce the magnitude of the adrenergic response to 
exercise suggests a basic improvement in the cardio- 
vascular response to submaximal exercise. Because 
reduced skeletal muscle blood flow in CHF is, in part, 
a result of increased sympathetic tone which overrides 
the usual local autoregulatory factors, the withdrawal 
of sympathetic activity with milrinone may have con- 
tributed to improved skeletal muscle perfusion. 

At matched submaximal exercise intensity, milrinone 
also caused a significant reduction in blood lactate 
concentration, a finding consistent with the milri- 
none-induced increase in anaerobic threshold as de- 
termined by analysis of the ventilatory response to ex- 
ercise. In contrast, reduction in catecholamine and 
lactate levels during exercise was not seen when nitro- 
glycerin was administered to patients with CHF.** Al- 
though the mechanism by which milrinone caused re- 
ductions in the metabolic and adrenergic responses to 
exercise is not precisely known, these observations 
further support the conclusion that milrinone exerts an 
immediate beneficial effect on submaximal exercise 
responses. 

Implications: Further studies will be needed to 
clarify the clinical significance of these data. It will be 
particularly important to determine whether these 
beneficial effects are maintained during long-term 
therapy, and whether the ability to perform more ex- 
ercise will provide clinical benefit. By analogy to the 
exercise effects of vasodilators, further improvement 
in exercise performance may occur during long-term 
therapy with milrinone. Conversely, since an increase 
in contractile state potentially could lead to an increase 
in myocardial oxygen demand, it will be important to 
determine whether milrinone exerts a deleterious effect 
on the rate of progression of cardiac disease.?*99 Re- 
gardless of the answers to these questions, the findings 
of this study indicate that milrinone, in contrast to pure 
vasodilator agents, acutely improves exercise perfor- 
mance in patients with severe heart failure. 
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Mechanical characteristics of the left ventricle in 
chronic aortic regurgitation (AR) differ from those 
in chronic mitral regurgitation (MR). The differences 
are thought to be responsible, in part, for the 
changes in left ventricular (LV) functlon observed 
after surgical correction of AR or MR. To test this 
hypothesis, LV stress-dimension-shortening rela- 
tions were determined before and after valve 
replacement in patients with compensated 
and decompensated chronic AR and MR. Echocar- 
diographic data from 32 patients with AR and 20 
patients with MR were used; preoperatively, all 52 
patients had LV enlargement. Based on postoper- 
alive data, 2 subgroups were defined for each lesion: 
Patients in group A achieved a normal end-dlastolic 
dimension (less than 3.3 cm/m?) and patients in 
group B had persistent LV enlargement. 
Preoperatively, the patients in group A with AR 
had increased peak systolic stress, but end-systolic 
stress and fractlonal shortening were normal; the 
patients in group B with AR had increased peak 
systolic stress, Increased end-systolic stress and 
depressed shortening. One year after aortic valve 


| 


Chronic aortic regurgitation (AR) or mitral regurgita- 
tion (MR) may impose similar degrees of volume over- 
load on the left ventricle, but several other mechanical 
characteristics of these lesions differ. In MR, ejection 
into the low-pressure left atrium unloads the left ven- 
tricle and is 1 factor that allows for the maintenance of 
a normal or near normal systolic wall stress.!-+ This 
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replacement the patients In group A had normal 
systolic wall stresses and normal shortening, 
whereas those in group B had persistently abnormal 
wall stresses and a decrease In shortening. Preop- 
eratively, patients In group A with MR had only 
modest elevations of peak stress, while end-systollc 
stress and fractional shortening were normal; in 
patients In group B with MR the peak stress was 
simllar to that seen In group A, but end-systolic 
stress was Increased and shortening was depressed. 
One year after mitral valve replacement, patients 
in group A had no change in end-systollc stress, but 
peak stress fell and shortening decreased; patients 
In group B had persistently abnormal stress-short- 
ening relations. 

Thus, In group B patients with either AR or MR, 
persistent elevations of systolic stress may con- 
tribute to a postoperative decrease In shortening 
(“afterload excess"). However, in group A patients 
with MR, the postoperative decrease in shortening. 
cannot be explained on the basis of afterload 
excess. 

(Am J Cardiol 1985;56:99—-105) 


pattern of wall stress enables the enlarged ventricle to 
maintain a normal ejection fraction even in the presence 
of intrinsic myocardial dysfunction.99 Such an un- 
loading effect is not present in chronic AR. Ross® and 
others?» have postulated that the left ventricular (LV) 
response to surgical correction of these regurgitant le- 
sions is, in part, related to pre- and postoperative pat- 
terns of systolic wall stress. For example, the surgical 
correction of chronic AR may result in decreased sys- 
tolic stress and increased fiber shortening.® 1! In con- 
trast, it is widely held that surgical correction of the 
low-impedence left atrial leak in chronic MR causes an 
increase in LV systolic wall stress which results in a 
postoperative decline in shortening (“afterload mis- 
match"). There are, however, few data to support this 
notion. Accordingly, we designed the i» study to 
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TABLE! Left Ventricular Stress-Dimension-Shortening Data 





Des 
(mm) (mrn) 
Normal subjects 48+ 1 31+ 1 
Aortic regurgitation 
Preop 
Group A 69 + 1 46 3- 1 
Group B 79 + 2° 58+3 
Postop 
Group A 5142 36 + 2 
Group B 72 + 4° 58 + 5 
Mitral regurgitation 
Group A 65 + 2 42+ 1 
Group B 7143 5244 
Postop 
. Group A 48 +3 37 2 
Group B . 70+ 4* 5945 


FS . pss ess 

(96) (dynes 10?/cm?) (dynes 109/cm?) 
344 1 209 + 10 65 3 
3444 295 +10 63 +5 
27 + 2* 386 + 13° 91 4 9* 
30 + 2 184 + 11 57247 
18+ 4" 290 + 39° 99 + 19° 

è 

36 + 1 244 + 13 64 + 4 
27+ 3" 232 + 24 114 + 20° 
29+ 2 187 +7 63 +6 
17 + 3* 236 + 22* 150 + 16* 


Ded = left ventricular dimension at end-diastole; Des = left ventricular dimension at end-systole; ess 
= end-systolic stress; FS = fractional shortening; pss = peak systolic stress. 
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FIGURE 1. Left ventricular meridional wall stress in chronic aortic 
regurgitation and chronic mitral regurgitation. Pre- and postoperative 
data are shown for compensated (group A) and decompensated (group 
B) patients. The asterisk indicates that the mean value was significantly 
different (p <0.05) from normal. Markedly abnormal peak systolic stress 
is a prominent feature in chronic aortic regurgitation, but not in chronic 
mitral regurgitation. Peak systolic stress generally decreases after 
surgical correction of the regurgitant lesions. End-systolic stress, which 
is elevated only in the decompensated groups, does not change post- 


operatively. 
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define the preoperative and postoperative patterns of 
LV systolic wall stress in chronic AR and in chronic MR, 
and to examine the stress-dimension-shortening rela- 
tions before and after aortic valve replacement (AVR) 
or mitral valve replacement (MVR). In this manner, we 
tested the hypothesis that postoperative changes in LV 
function (shortening) are related to changes in systolic 
wall stress. 


Methods 


Serial M-mode echocardiographic studies were obtained 
before and after surgical correction of chronic AR in 32 pa- 
tients and chronic MR in 20 patients. Clinical, echocardio- 
graphic and catheterization data from these patients have 
been published and are described only briefly herein.1?-14 In 
this study, preoperative and late postoperative (1-year) 
echocardiographic data were used to calculate LV meridional 
wall stress and an analysis of stress, dimension and shortening 
was made for each volume overload lesion. 

All 52 patients had LV enlargement before valve replace- 
ment. The patients were classified into groups based on the 
postoperative LV chamber size. Patients in group A had a 
normal LV dimension at end-diastole (Ded) after surgery and 
those in group B had persistent LV enlargement (Ded more 






FIGURE 2. Left ventricular meridional wall stress-di- 
mension loops from patients with compensated (group 
A, left) and decompensated (group B, right) chronic aortic 
regurgitation. The calculated coordinates of stress and 
dimension are shown by squares; connecting lines are 
drawn schematically. Preoperatlvely, the loops are dis- 
placed well to the right of normal. In group A the post- 
operative loop Is normal; in group B chamber dilatation 


persists. 
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-: 3. Left ventricular meridional wall stress-di- 
mension loops from patients with compensated (group 
A, left): land decompensated (group B, right) chronic mitral 
regurgitation. The calculated coordinates of stress and 
dimension are shown by squares, connecting lines are 
shown schematically. Preoperatively the loops are dis- 
placeg/ well to the right of normal. In group A, the post- 
Oo e loop is near norma! (but, in contrast to aortic 


regurgitation, shortening fell significantly); In group B, 
chamber dilatation persists. 


Meridional Wall Stress (dynes/cm? -103) 





than 55 mm or 33 mm/m? body surface area [BSA]). Of the 32 
patients who underwent AVR, 24 met the criteria for group 
A and 8 for group B; of the 20 patients who underwent MVR, 
16 met the criteria for group A and 4 for group B. Our previous 
experience, 12-14 combined with the published data of others, 15 
indicate that long-term prognosis is better in patients in whom 
heart Size decreases postoperatively. 

Echocardiograms were recorded and measured as previ- 
ously described.!?:14 Arterial blood pressure was determined 
with a sphygmomanometer at the time of the echocardio- 
graphic study. À carotid pulse tracing (Statham P23Db) was 
recorded i in each patient and end-systolic pressure was de- 
termined by the calibrated carotid pulse tracing method!6; the 
peak of the carotid pulse tracing was assigned the value of 
systolic arterial pressure and the nadir of the carotid tracing 
was assigned the diastolic value; pressure at the incisura of the 
pulse tracing was taken as end-systolic pressure. 

Calculation of meridional wall stress requires measurement 
of the minor-axis dimension and wall thickness, but does not 
depend on measurements or assumptions regarding the long 

axis.? Peak stress (dynes 10?/cm?) was calculated from peak 
systolic pressure and end-diastolic dimension-wall thickness 
data; our rationale for the use of end-diastolic geometry is 
based | on the observation that LV dimension and thickness 
at the time of peak systolic stress (in the normal ventricle) is 
almost equal to LV dimension and wall thickness at end- 
diastole.? End-systolic stress was calculated from incisural 
pressure and dimension—wall thickness data measured at the 
smallest chamber dimension. Thus, pressure and dimension 
were measured at different points in the cardiac cycle (see 
“Limitations” section). 

Tabular and graphic data are presented as the mean + 
standard error. Data were analyzed for statistical significance 
using a paired or unpaired Student ¢ tests as appropriate. 
Differences were considered significant at p values <0.05. 


Results 


The pre- and postoperative LV dimension, shortening 
and meridional wall stress data are presented in Table 
I and Figure 1; the interrelations of these variables are 
shown in Figures 2, 3 and 4. Preoperatively, all 52 pa- 
tients had echocardiographic evidence of LV enlarge- 
ment (Ded more than 55 mm and/or more than 3.3 
mm/m? BSA). By design, all group A patients (com- 
pensated) achieved a normal Ded postoperatively, 
whereas group B patients (decompensated) had per- 


sistent LV enlargement. Postoperatively, Des tended . 
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to decrease in group A patients (p <0.05, both AR and 
MR); group B patients showed little change (after AVR) 
or an increase (after MVR). 

Meridional wall stress data are shown in Table I 
(group A vs B analysis) and Figure 1 (preoperative vs 
postoperative analysis). In AR preoperatively, peak 
systolic stress was higher in group B than in group A; 
peak stress in both groups was substantially higher than 
normal. End-systolic stress was normal in group À and 
increased in group B patients. After AVR, peak stress 
decreased significantly in both groups, but remained 
greater than normal in group B. There was no signifi- 
cant change in end-systolic stress in either group. Pre- 
operatively, in patients with MR peak stress showed 
only a modest increase; end-systolic stress was normal 
in group À and increased in group B. After MVR, peak 
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FIGURE 4. Left ventricular end-systolic wall stress-shortening relations 
for the "compensated" (group À) and "decompensated" (group B) 
patients with chronic aortic regurgitation (AR) and chronic mitral 
regurgitation (MR). The arrows polnt toward the postoperative stress- 
shortening coordinates. In compensated AR, the average preoperative 
stress-shortening coordinate was within the normal zone; the small 
postoperative changes in stress and shortening did not achieve sta- 
tistical significance. in compensated MR, the average preoperative 
stress-shortening coordinate was also within the normal zone; after 
mitral valve replacement end-systolic stress did not change but 
shortening decreased significantly (p <0.05). This suggests that the 
decrease in shortening Is not a result of afterload excess. In the de- 
compensated groups (both AR and MR) left ventriculaf dysfunction 


ENSE 


FRACTIONAL SHORTENING (96) 





ERN - emer ey o x MY RE UA CELO tU. or PLOY OU ay WP et 
102° CHRONIC AORTIC AND MITRAL’ REGURGITATION 


v decreased in group A and did not den in group 
B. End-systolic stress did not change in group A; there , 
was a tendency for end-systolic stress to increase further 
in group B, but this trend did not achieve statistical 
significance. 

Idealized LV stress-dimension loops (derived from 
data.shown in Table I) are shown in Figures 2 and 3. 


Preoperative stress-dimension loops for all subgroups ` 


are displaced well to the right of normal. For group A 


patients (both AR and MR), the stress-dimension loops . 


returned to the normal range postoperatively; relative- 


ly little postoperative change was seen in group B. 


patients. 


` Pre- and postoperative stress- dicens riui are 


shown in Figure 4. Before surgery, the average stress- 
shortening coordinates in group A patients (both AR 
and MR) were in the normal range; group B coordinates 
were well outside the range of normal. After AVR, there 
was no significant change in end-systolic stress ór 
shortening (34 to 30%, difference not significant[NS]); 


the average streas-shortening relations remained within - 


the range of normal. In.group B, a small increase in 


stress was associated with a significant decrease in . 
shortening (from 27% to 1896, p <0.05). After MVR in . 


patients in group A, there was no change in end-systolic 
wall stress, but there was a significant decrease in 
shortening (from 36% to 29%, p <0.05). In group B, 
stress increased minimally and shortening decreased 
substantially (from. 27% to 17%, p «0.05). 


Discussion 


Adaptation of the left ventricle to chronic volume. 


overload occurs with gradual enlargement of the 
chamber and an increase in myocardial mass. This re- 
sponse progresses slowly with a change in geometry, a 


rearrangement and slippage of myofibrils, and the ad-. 


dition of new sarcomeres. As a result, there is little 
change in midwall sarcomere lengths!” and, in this 
‘manner, the myocardium maintains a normal preload 


reserve. The compensatory increase in LV mass pre- , 


vents the development of large increments in systolic 


wall stress, which, in turn allows muscle shortening to . 


remain normal?^; an increased LV stroke volume is 
generated simply by virtue of a large end-diastolic vol- 
ume (normal shortening of each unit of an enlarged 
circumference). Thus, in chronic. compensated LV 
volume overload, the end-diastolic volume is increased, 
the ejection fraction remains normal, and the total 
stroke volume is increased. Because of the known 


myocardial energetics of LV volume overload (short- - 


ening work costs little in terms of myocardial oxygen 
consumption), the ventricle can maintain the large 
stroke volume for long periods of time. Eventually, 
however, LV decompensation occurs; such dysfunction 
is signaled by further increases in chamber volume (out 
of proportion to myocardial mass), increased wall stress 
and a decrease in ejection fraction. The data reported 
in this article were analyzed within this conceptu- 
al framework of the LV response to' chronic volume 
overload. 

Patterns of systolic wall stress: The dominant 
Hd C AR was elevated peak systolic stress, 





. load. 





whereas MR was characterized by near-normal peak 
stress. End-systolic stress was normal in patierits with 
compensated AR or MR and elevated in patients with 
decompensated AR or MR. These data aré similar to 
those of Wisenbaugh et al? who examined systolic 
loading conditions in “similar degrees of aortic and 
mitral regurgitation," found that systolic stress was 
greater in AR than in MR.® They did not, however, 
separately examine subgroups of patients with com- 
pensated or decompensated chronic LV volume oyer- 


Aortic regurgitation: Our data? and iss of Kum- 

puris et al!! and otherg9?19-79 indicate that peak and 
mean systolic wall stresses are elevated in many patients _ 
with chronic AR; those with markedly elevated stress 


. tend to have subnormal LV response to exercise,!9 a ` 


higher frequency of ventricular ectopy?? and a sübop- 
timal response to corrective surgery. 11 After. AVR a 
substantial decrease in peak stress is almost always seen. 
However, end-systolic stress remains elevated in 
the subgroup with decompensated aortic regurgitation 
(Fig. 1). 

. Mitral regurgitation: Peak systolic stress and end: 
systolic stress remain normal or near normal in most 
patients with compensated chronic MR#5:14,21,22. after - 
MVR there is usually a decrease in LV chamber 8ize!4?3 
and, as a consequence, peak systolic stress falls and 
end-systolic stress remains normal. After MVR in pa- 
tients with decompensated MR, chamber enlargement 
persists, and although there may be no change in peak 
stress, end-systolic stress tends to increase further. 
These observations are similar to those of Wong and 
Spotnitz,? who used intraoperative measurements of LV 
pressure and geometry to.calculate wall stress; after 
MVR (in their patient 4), end-diastolic radius was un- 
changed, end-systolic radius.and wall stress increased - 
and shortening decreased. Postoperative changes in wall 
stress obviously depend greatly on changes in chamber 
size, which may show. a considerable change after 
MVR.1423-26 If chamber size decreases sufficiently, 


. systolic wall stresses will likely fall despite closure of the 
low-resistance regurgitant leak. 


Stress-dimension loops: Analysis of LV wall 
stress-dimension loops provides an integrated and 
convenient means of examining alterations in function 
seen in patients with compensated and decompensated 
chronic LV volume overload and is useful in defining the 
changes that occur after valve replacement.§ 

Aortic regurgitation: Stress-dimension loops fom 
patients with compensated and decompensated chronic 
AR are shown in Figure 2. In compensated AR the 
end-diastolic dimension is markedly increased and the 
entire loop is displaced to the right of normal: This 
rightward shift provides a mechanism by which the left 
ventricle can deliver à large total stroke volume, as long 
as fiber shortening remains normal.'’ Thus, in com- . 
pensated AR peak systolic wall stress is elevated, but . 
end-systolic stress and shortening are normal and total - 
stroke volume is increased. After AVR, end-diastolic 
dimension and peak systolic stress decrease to normal 
levels and the stress-dimension loop appears normal. 
In cecompensated, AR, end- D and, pean 
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peak systolic stress are increased and shortening is de- 
pressed. LV dilatation and the markedly abnormal 
levels of systolic stress appear to be out of proportion 
to the modest decrease in shortening. 'T'his may be due, 
in part, to an overestimation of shortening, which is said 
to accompany echocardiographic measurements of this 
variable.” After AVR there is persistent LV enlarge- 
ment and, despite a decrease in peak stress, fractional 
shortening decreases. 

itral regurgitation: Stress-dimension loops from 
patients with compensated and decompensated chronic 
MR are shown in Figure 3. In compensated MR systolic 
wall stress is normal or near normal and shortening is 
preserved, despite substantial LV enlargement. After 
MVR the end-diastolic dimension and systolic wall 
stress decreased to normal; despite this favorable 
change in wall stress, shortening decreased significantly. 
It thus appears that the postoperative decrease in 
shortening cannot be explained on the basis of an in- 
crease in LV afterload (“afterload excess”). In decom- 
pensated MR, LV enlargement is marked, systolic wall 
stress is elevated and shortening is well below normal; 
after valve replacement there is persistent LV en- 
largement, a further increase in end-systolic stress and 
a considerable decrease in shortening. 

Stress-shortening relations: Aortic regurgitation: 
Despite significant LV enlargement and an end-systolic 
stress-dimension coordinate that is well to the right of 
normal, the average stress-shortening coordinate in 
compensated AR is within the normal range. This 
adaptation to chronic LV volume overload is primarily 
due to compensatory myocardial hypertrophy.? One 
year after AVR, LV volume and mass were substantially 
reduced, stress or shortening did not change signifi- 
cantly and the stress-shortening coordinate remained 
normal. Others have found similar changes in LV vol- 
ume and mass,®:10-12,24,26,28,29 and it has been suggested 
that these patients have a better prognosis than those 
in the decompensated subgroup. Our group B (decom- 
pensated) showed a postoperative increase in end-sys- 
tolic stress and a progressive decline in shortening, 
which probably reflects a progression of the underlying 
“cardiomyopathic” process. 

Mitral regurgitation: Preoperative data from the 2 
MR subgroups are similar to those found in AR; the 
afterload- shortening relation is normal in group À and 
abnormal i in group B. Most of the patients of Eckberg 
et al22 with chronic MR also had normal values for 
maximum stress and normal shortening. However, 2 
patients were presented with stress-velocity values in- 
dicating high late systolic stresses and depressed ejec- 
tion fraction; these 2 resemble our patients with de- 
compensated MR. The postoperative decrease in 
shortening that was observed in both of our groups is 
consistent with data that indicate that ejection fraction 
almost always decreases after MVR.414,23-26,30-34 In 
contrast, the ejection fraction often increases or does not 
change after AVR.9 1529299537 The decrease in 
shortening after MVR is generally thought to be a result 
of closure of the “low impedance left atrial leak" and a 
consequent increase in LV wall stress. However, we did 
not find a postoperative increase in wall stress in the 


group À patients, and thus it appears that the decrease 
in shortening is not due to “afterload excess." In con- 
trast, valve replacement in decompensated MR (group 
B) was associated with an increase in wall stress and a 
decline in shortening. In this group the decrease in 
shortening is probably at least in part a result of after- 
load excess; progression of the underlying myopathic 
process probably also contributes to the decline in 
shortening. 

Left ventricular afterload after mitral valve 
replacement: It is widely held that correction of MR 
results in an increased LV afterload, and consequently, 
decreased fiber shortening (by virtue of the inverse 
force-velocity relation). T'his conclusion, however, is 
based primarily on acute experimental and clinical 
observations that indicate that correction of MR causes 
a change in the time course and an increase in the 
magnitude of systolic wall stress. As we have shown (Fig. 
4), the surgical correction of compensated chronic 
MR does not necessarily result in an increase in LV 
afterload. 

After successful correction of chronic MR, LV 
chamber preload decreases substantially and this is 
probably responsible, at least in part, for the early 
postoperative decrease in shortening. Over the subse- 
quent months, however, regression of hypertrophy oc- 
curs and a new steady state is achieved; 1 year after 
MVR preload and afterload are normal (Fig. 2 and 3), 
but the ejection fraction remains lower than the pre- 
operative value. If decreased preload alone were re- 
sponsible for the decrease in ejection fraction, one might 
expect a similar result after successful AVR (since the 
elimination of the regurgitant volume is comparable in 
the 2 lesions). However, this is not the case; after cor- 
rection of chronic AR, ejection fraction generally in- 
creases or remains unchanged. A late postoperative 
decrease in the inotropic state should also be considered 
a possible cause of reduced shortening after MVR, 
but there are no published data to support this 
hypothesis. 

An alternative explanation for the postoperative 
decrease in ejection fraction can be developed by con- 
sidering the different functional results when MVR is 
compared to mitral valve repair; in contrast to MVR, 
valve repair does not result in a decrease in ejection 
fraction.353939 A complex interaction between the mi- 
tral apparatus and the LV wall is important to the 
maintenance of normal LV function. Because MVR 
results in a loss of integrity of papillary muscles and 
chordae, and causes a tethering or restriction of LV 
posterobasal wall motion by the valve prosthesis, re- 
duced LV ejection fraction may result from a purely 
mechanical effect. This hypothesis needs further testing 
in prospective clinical studies. 

Limitations: Meridional wall stress, the force acting 
in the direction of the long axis of the ventricle, requires 
only measurement of the LV minor dimension and wall 
thickness. This is a practical advantage to the echo- 
cardiographer and it tends to outweigh a major theo- 
retical disadvantage: that the force is not acting in the 
direction of the fibers that are responsible for a sub- 
stantial percentage of the stroke volume (je, the cir- 
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cumferential fibers). The noninvasive-echocardio- 
graphic determination of meridional stress (as well as 
"other stresses within the LV wall) is intrinsically limited 

in pre- and postoperative studies of chronic LV volume 
overload because differences in LV shape may exist in 
the different subgroups of each lesion. Although geo- 
metric differences may produce errors in the absolute 
values for wall stress, the use of angiographic or other 
geometric data would not qualitatively change the re- 
sults reported herein. The fact that our stress data are 
very similar to those reported by others, especially the 
invasive data of Wisenbaugh et al,° supports the reli- 
ability of our noninvasive method. 

Peak systolic stress was determined from noninvasive 
measurements of peak systolic pressure and end-dia- 
stolic geometry (radius and wall thickness). T'he accu- 
racy of this method depends on the degree to which LV 
geometry changes between end-diastole and the instant 
of peak stress. In the normal heart and in AR, peak 
systolic stress occurs shortly after the aortic valve 
opens—at a time when LV geometry is only minimally 
changed from that of end-diastole.2494! Vokonas et alf! 
and others*24? have shown that LV volume may de- 
crease by 20 to 3696 from end-diastole to the end of the 
first third of ejection. Since peak stress occurs early in 

the first third of ejection, the change in volume at the 
time of peak stress (in the normal heart) is likely to be 
substantially less than 20%; a 20% decrease in volume 
is associated with a 5 to 10% decrease in peak stress, 
depending on the initial volume. In chronic MR, the 
overestimation of peak stress is likely to be somewhat 
greater; however, the data of Vokonas et al indicate that 
this potential error is less marked in decompensated 
than in compensated MR. Recognizing the overesti- 
mation of peak stress (which is greater before MVR than 


after and greater in compensated than decompensated . 


hearts), we conclude that peak stress is normal or nearly 
normal in chronic MR. 'T'his conclusion is in agreement 
with the data of Wisenbaugh et al.5 
. Likewise, the noninvasive estimation of end-systolic 
stress in MR may be subject to error in part because of 
continued muscle shortening after aortic valve closure. 
Because we calculated end-systolic stress from incisural 
pressure and the smallest chamber geometry, we may 
have underestimated true “end-systolic” stress (i.e., 
stress at the time of aortic valve closure). Fiber short- 
ening after aortic valve closure is influenced by the 
:LV-left atrial pressure gradient and the regurgitant 
"orifice size, both of which are declining in late systole. 
Therefore, we consider the change in LV volume after 
aortic valve closure to be quite small, but there are no 
published data bearing on this assumption. Despite this 
potential limitation of the noninvasive methods, our 
end-systolic stress data in normal subjects are very 
‘much in agreement with those published by 
others.?:5.44 
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Doppler Diagnosis of Valvular Aortic Stenosis __ 
in Patients Over 60 Years of Age — 4 


ARTHUR S. AGATSTON, MD, MATHEW CHENGOT, MD, ASWATH RAO, MD, 
FRANK HILDNER, MD, and PHILIP SAMET, MD 


Twenty-five consecutive elderly patients with sus- 
pected aortic stenosis underwent continuous-wave 
Doppler echocardiography followed by cardiac 
catheterization. Doppler-derived calculations of 
peak and mean aortic valve gradients were com- 
‘pared with catheterizatlon-derlved values of 
peak-to-peak, peak and mean gradlents. The best 
correlation was found between Doppler- and cath- 


A limitation of the cardiac noninvasive.laboratory has 
. been the failure to quantify aortic stenosis (AS), par- 
ticularly in the elderly.! Continuous-wave Doppler, 
which measures blood flow velocities of up to 6 m/s, has 
been shown to have the potential to quantify AS,2? but 


its application in elderly patients has been questioned. | 


Hatle et alt found that Doppler was not accurate in 
determining aortic valve gradients in the elderly, but 
. did suggest that Doppler-derived systolic time intervals 
could distinguish elderly patients with AS from those 
without critical AS. Stamm et al? studied a group of 
patients (mean age 62 years) and found an excellent 
correlation between the Doppler-derived peak gradient 
and the peak-to-peak gradient measured at cardiac 
catheterization. Berger et al? studied a similar popula- 
tion (mean age 66 years), but found a good correlation 
between Doppler and the maximal instantaneous dif- 
ference between the left ventricular (LV) and central 
aortic pressure or “peak” gradient. In a group of elderly 
patients with suspected AS, we prospectively studied 
the relations between Doppler-derived gradients and 
systolic time intervals and catheterization-derived 
measurements of peak-to-peak, peak and mean aortic 
'valve gradients. 
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eterization-derlved mean gradients (r = 0.89). A 
Doppler-derlved measure of the timing of peak aortic: 
flow velocity (modified time-to-peak velocity/ 
modified left ventricular ejection time).successfully 
separated those with gradients above or below 50 
mm Hg and also helped to avold over- or underes- 
umanon of aortic valve gradients by Doppler. 

(Am J Cardiol 1985;56:106-109) 


Methods 


Patients: Twenty-five consecutive patients, at least 60 
years old with suspected AS, underwent Doppler echocardi- 
ography before cardiac catherization. There were 17 men and 
8 women, mean age 72 + 6 years. Doppler studies were per- 
formed from 1 to 17 days (mean 5 + 3) before catheterization. 
All patients remained clinically stable between the time of 
Doppler and cardiac catheterization. 

Instrumentation and examination: Doppler examina- 
tions were performed using an Irex Exemplar system with a 
2-MHz independent transducer and a combined 3.5-MHz 
Doppler and 2-dimensional echo transducer. The combined 
transducer was used for initial orientation; final recordings 
were obtained using the independent transducer. Velocity : 
measurements were converted to mm Hg using the modified 
Bernoulli equation: AP = 4v?, where AP = pressure gradient 
and v = velocity of blood flow in meters per second. Peak 
aortic valve gradient was derived from the maximal velocity 
of the continuous wave spectrum obtained by sampling in the 
ascending aortic jet (Fig. 1, point b). Mean gradient was found 
by calculating mean aortic flow velocity from planimetering 
the continuous-wave spectrum and dividing by the LV ejec- . 
tion time. No correction was made for the angle between the 
Doppler beam and the aortic jet. Attempts at positioning the 
Doppler beam parallel to the ascending aortic jet were made 
from multiple ultrasonic windows. The timing of the peak 
velocity within the continuous-wave spectrum was quantified 
by measuring a modified time to peak filling velocity and di- 
viding by a modified LV ejection time (Fig. 1). The beginning 
of the modified time to peak and the beginning and end of the 
modified LV ejection time were taken at the points where the 
continuous-wave spectrum crossed the 1-m/s calibration line 
(Fig. 1, points a and c). This was done in order to avoid base- 
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TABLE! Catheterization- and Doppler-Derived Data in Patients with Suspected Aortic Stenosis 


Catheterization Data 
Doppler-Derived Data 
Peak-to-Peak 
, Age (yr) Peak Gradient Mean Gradient Peak Gradient Gradlent Mean Gradient 
Pt : & Sex (mm Hg) (mm Hg) mTP/mLVET {mm Hg) (mm Hg) (mm Hg) EF 
1, 64M 30 19 0.20 34 13 13 64 
2 i 77F 42 31 0.25 85 35 31 61 
3| 86M 61 44 0.39 152 92 75 55 
4 77F 96 61 0.40 124 96 68 67 
5e 61M 105 52 0.39 141 112 77 58 
6"; 74M 46 26 0.25 54 26 23 38 
r ae 69F 41 24 0.23 80 37 37 66 
8 , 71M 115 68 0.38 110 70 66 58 
9 | 65M 60 40 0.27 68 45 38 73 
10 | 66M 98 64 0.42 138 85 66 29 
11; 78F 123 76 0.35 122 55 70 56 
12 76M 79 52 0.38 99 60 55 58 
13 |  73F 112 62 0.42 112 79 66 58 
14 71M 40 23 0.31 72 52 40 51 
15 81M 94 56 0.47 98 77 82 42 
16 64M 46 29 0.26 50 29 27 47 
17 | 78F 83 53 0.49 142 90 72 72 
18 | 75M 23 15 0.23 22 10 11 49 
18 | 67M 35 24 0.26 22 10 12 36 
20 : 67M 68 46 0.42 106 64 46 54 
21. 72M 97 58 0.39 128 99 64 58 
22 65F 64 48 0.31 106 77 40 56 
23 63M 48 32 0.33 72 37 41 30 
24 73F 41 29 0.29 57 26 33 71 
25 77M 20 12 0.18 21 12 9 46 


EF = ejectlon fraction; mL VET = modifled left ventricular ejection time; mTP = modifled time to peak velocity. 


line artifacts that obscure the precise beginning and end of 
ejection. Doppler measurements were made by a single reader 
blinded to the catheterization data. 

Cardiac catheterization: Catheterizations were per- 
formed by the retrograde femoral artery technique. Fluid- 
filled catheters connected to a Statham P-23DB transducer 
interfaced with an Electronics for Medicine VR12 recorder 
were used. The aortic valve gradients were measured from the 
pullback central aortic pressure superimposed on the LV 
pressure tracing. Measurements were made of peak-to-peak, 
mean and peak gradients. The latter measurement was per- 
formed by taking the maximal instantaneous difference be- 
tween the aortic and LV pressures in systole. At least 10 beats 
were averaged for each patient. 


| Results 


} 

Optimal signals were obtained from the right sternal 
border, with the patient in the far right lateral decubitus 
position in 20 of the patients. In 5 patients the apical 
approach with the patient in the left lateral decubitus 
position resulted in the best signal. 

The Doppler- and catheterization-derived data are 
listed in Table J. There were good correlations between 
the Doppler-derived peak gradient and the catheter- 
ization-derived peak-to-peak and peak gradients (r 
values 0.80 and 0.82, respectively, Fig. 2). The Doppler- 
and catheterization-derived mean gradients showed the 
best correlation (r = 0.89, Fig. 2). The catheterization- 
derived peak- to-peak gradient was overestimated by 
Doppler in 17 patients (18.4 + 16.6 mm Hg) and un- 
derestimated i in 7 (11.7 + 9.2 mm Hg), with equality in 
1 patient. Doppler overestimated the peak catheter- 
ization gradient in only 4 patients and in only 1 patient 
was this by more than 5 mm Hg. 

The relation between the modified time to peak/ 
modified LV ejection time and the peak-to-peak cath- 


eterization gradient is shown in Figure 3. A ratio of 0.30 
distinguished patients with a peak-to-peak gradient of 
less than 50 mm Hg from those with a gradient of more 
than 50 mm Hg with the exception of patient 23. 


A 





FIGURE 1. Continuous-wave spectrums from a patient with an early 
peak and insignificant aortic stenosis (A) and from a patient with a later 
peaking velocity and critical aortic stenosis (B). Maximal velocity was 
taken at point b. The modified time-to-peak/moditled left ejection time 
Is the ratio ab'/ac. 
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Discussion 


AS in the elderly usually arises from a different an- 
atomic substrate than AS in younger patients and is 
often more difficult to evaluate by physical examination 
as well as by echocardiography.?9 

Continuous-wave Doppler has been shown to have 
the potential to noninvasively determine aortic valve 
gradients. Theoretically, however, continuous-wave 
Doppler measures instantaneous maximal velocity and 
reflects peak aortic valve gradient rather than the 
peak-to-peak gradient on which clinical decision- 
making is traditionally based. Recent studies vary on 
which gradient continuous-wave Doppler reflects in 
practice and also on its value in determining aortic valve 
gradients in the elderly.?-4 

This study shows that good correlations can be found 
between Doppler- and catheterization-derived aortic 
valve gradients in patients over age 60, with the best 
correlation found when comparing mean gradients (r 
= 0.89, Fig. 2). This study also shows that in individual 
patients, Doppler can be clinically misleading if it is 
relied on without appreciation of the relation between 
peak and peak-to-peak gradients. We have found that 
continuous-wave Doppler can successfully quantitate 
AS in elderly patients when continuous-wave spectral 
morphology is used for guidance and when the pitfalls 
of the techniques are well understood. 

The first pitfall is the difficulty of recording adequate 
Doppler signals in elderly patients who often have in- 
creased anteroposterior (AP) diameters. A substantial 
learning period and careful, often long examinations are 
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FIGURE 2. Relations between Doppler- and catheterization (CATH)- 
derived gradients: Doppler-derived peak vs catheterlzation-derived 
peak-to-peak gradient (A), Doppler-derived peak vs catheterization- 
derived “peak” gradient (B) and Doppler-dertved mean vs catheter- 
izatlon-derived qnean gradient (C). 


required. We found optimal signals were most often 
obtained by sampling with the independent Doppler 
transducer in the right parasternal area with the patient 
in the far right lateral decubitus position. 

The second problem in accurately assessing AS in the 
elderly is underestimation of the gradient, which occurs 
when the angle between the Doppler beam and the 
aortic jet is too great. If low recorded velocities are in 
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FIGURE 3. Relation between the systolic time Intervals derlved from 
the continuous-wave spectrum, modified time-to-peak/modifled left 
ventricular ejection time (mTP/mi VET) and the catheterization peak- 
to-peak gradient. The ratio of 0.30 successfully separates those 


with gradients of more than 50 mm Hg from those with less than 50 


mm Hg. 


fact attributable to a small gradient, then the continu- 
ous-wave spectrum will demonstrate an early peak with 
a modified time-to-peak/modified LV ejection time less 
thanio. 30 (Fig. LA). If the peak occurs later in systole or 
E a good spectral envelope is not recorded, then further 

ination is required because a higher velocity and 
padenti is likely to be present. 

The third problem is overestimation of gradient, 
which may result in a clinically important error when 
velocities are between 3 and 4 m/s, corresponding to 
gradients between 36 and 64 mm Hg. In this range, if the 
Doppler beam is nearly parallel to flow and peak gra- 
mn substantially exceeds peak-to-peak gradient, then 


| 
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the resulting calculated Doppler gradient may be clin- 
ically misleading. We found, as did Berger et al,* that 
the gradient calculated from the maximal Doppler ve- 
locity is usually higher than the peak-to-peak gradient 
measured at cardiac catheterization. In the present 
study, Doppler-derived peak gradients exceeded cath- 
eterization-derived peak-to-peak gradients by 18.4 
16.6 mm Hg. Thus, in a case such as patient 9 (Table 
I), the peak Doppler velocity predicted the instanta- 
neous peak catheterization gradient within 8 mm Hg (60 
and 68 mm Hg, respectively), but overestimated the 
peak-to-peak gradient of 45 by 15 mm Hg. That the 
Doppler-derived gradient overestimated the peak-to- 
peak gradient was, however, predictable from the con- 
tinuous-wave spectrum, which showed an early peak 
with a modified time-to-peak/modified LV ejection 
time of 0.27. In patient 3, a similar Doppler-derived 
peak gradient of 61 mm Hg was associated with a later 
peaking velocity with a modified time-to-peak/modified 
LV ejection time of 0.39 from which one could predict 
critical AS. This was the case with a peak-to-peak 
catheterization gradient of 92 mm Hg. 

The systolic time intervals derived from the Doppler 
spectrum separated the patients with peak-to-peak 
gradients of more than 50 mm Hg from those with 
noncritical AS in all but 1 patient (Fig. 3). In this 
patient, however, the low gradient may have been 
due to poor LV function (ejection fraction = 30% and 
cardiac index = 1.8 liters/min/m?) rather than to in- 


. significant AS. 
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Quantitative Anatomic Analysis of “Stent Creep" - 
of Explanted Hancock Standard Porcine Bioprostheses « . 
Used for Cardiac Valve PEDIBCDNNE 


FREDERICK J. SCHOEN, MD, PhD, LOIS J. SCHULMAN, and LAWRENCE H. COHN,`MD - 


The degree of progressive Inward deflection of the 


stent posts (“stent creep") during function of. Han- . 


cock standard orifice porcine aortic valve biopros- 
theses is unknown. The present Investigation de- 
termines, using a quantitatlve geometric analysis of 
clinically removed bioprostheses, the contribution 
of stent creep to progressive reduction in the outflow 
‘orifice area of these valves. Fifty-four Hancock 
standard orifice porcine aortic valve bloprostheses 
obtalned at reoperation or at autopsy of 50 patients 
. were studied: 47 of these were removed more than 
21 months postoperatively. The projected geometric 


outflow orifice area of each prosthesis was plani- 
metrically measured. To compare prostheses : 


through the entlre range of available sizes, this 
measured area was divided by that of an unim- 
planted valve of the same size to calculate a ratlo 


The potential for progressive inward deflection of the 


stent posts ("stent creep") of Hancock standard orifice 
porcine aortic valve bioprostheses has been frequently 


discussed, but there is little objective evidence that this 


complication occurs in clinical valves of this type. Thus, i 


it is unknown whether and to what degree the hemo- 
dynamically. effective orifice of this prosthesis decreases 
over time. The purpose of the present study was to de- 


termine, using a quantitative anatomic method of 
evaluation of clinically explanted valves, whether and © 


with what frequency and to what degree stent creep 
causes a temporally progressive reduction in the valvar 
orifice of Hancock standard porcine a 
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designated the “normalized outflow area ratlo” 


(NOAR). Thus, by definition, for all unimplanted 


standards, NOAR was 1.00. In 7 prostheses In place 


E for less than 1 month, the NOAR was 1.00 + 0.03 


(mean + standard deviation). In 47 prostheses re- 
moved 21 to 126 months postoperative, the NOAR 
was 0.91 + 0.08. The relation between NOAR and _ 
duration of function determined by linear regression 
was NOAR = 0.955 — 4.560 X 10 4 X Duration (in 
months). The minimum NOAR found was 0.74; the . 
NOAR was less than 0.80 in 4 prostheses (896 of - 
long-term valves). Thus, stent creep is usually not 
prominent after long-term function of Hancock . 
standard orlfice procine bloprostheses and suggests .' 
that clinically Important progressive reduction o! the 
geometric outflow orlfice is infrequent. — .- E 
E oui J Cardiol 1985;56:110- 114) 7 


Methods 


The study valves were 54 Hancock standard. orifice gluta- . 
raldehyde-preserved porcine aortic valve bioprostheses re- 


moved. from adult patients (aged 23 to 77 years at time of ., 


original valve replacement) at reoperation or autopsy at our 
hospital from July 1980 thru December 1984. Excluded from 
this study were Hancock modified orifice valves, valves of 
other manufacturers, and valves unavailable or unsuitable for ' 
analysis. Implanted valves were separated into 2 groups: group 
A valves, short-term implants (7 specimens, all bioprostheses _ 
in the mitral position), in place for 1 hour to 24 days; and group . 
B valves, long-term implants (47 specimens, including 28 
mitral and 19 aortic valves), in place for 21 to 126 months. The . 
mean duration of function of long-term implants was 78 + 25 


months (including aortic valves implanted 77 + 25 months - 


[range 24 to 112], and mitral valves implanted 78 + 25 months 


[range 21 to 126]). The causes of failure of the long-termim-. — 


plants were primary tissue degeneration in 36 valves, infective 
endocarditis in 3 valves and other causes in 4 valves. This ` 
distribution of complications is consistent with that encoun- 
tered overall by our clinic for bioprosthetic valves.) Addi- 
tionally, 4 aortic bioprostheses. were obtained incidentally 
from patients in whom reoperation was necessitated by or 
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TABLE | Geometric Outflow Area and Hydrodynamic Effective Orifice Area of 
Unimplanted Hancock Standard Porcine Bioprostheses 


Geometric 
Nominal Valve Outflow 

Size (mm) Area (cm?)* 
19 1.51 
21 1.76 
23 1.93 
25 2.47 
27 2.64 
29 3.07 
é 31 3.86 
33 4.37 
35 5.04 


* As measured within this study. 
t From manufacturer's data sheets. 


autopsy revealed mitral bioprosthetic valve failure. In no 
patient did stent-post deflection have a clinically apparent 
effect! nor was it the indication for any valve removal. In no 
case studied was there prominent tissue overgrowth obscuring 
proper measurement or possibly causing stent-post deflection. 
A group of 9 unimplanted typical valves, 1 each in the entire 
size range 19 to 35 mm, was provided by Hancock/Extracor- 
poreal Inc., to serve as representative standards for outflow 
orifice area, and as radiographic standards for the determi- 
nation of the nominal valve size of the explained pros- 
theses. 

All valves were radiographed at 40 kV for 0.8 minutes in a 
Faxitron x-ray machine (Hewlett-Packard). The exact nom- 
inal size of each implanted valve was determined by com- 
parison, using the specimen radiographs, of diameters of the 
basilar metallic ring of each explanted valve with those of the 
standards. 

Explanted and control valves were photographed from the 
outflow aspect using a Nikon 35-mm camera (Model FE2) 
with a macro lens (micro-Nikkor, 55 mm focal length). Spec- 
imen base-to-film plane distance was 10.1 cm, uniform for all 
specimens and standards. Photographs were projected to an 
actual magnification of 5.6X for measurement. Using a 
Numonics manual planimeter (model 274-116-1261), the 
projected orifice area within the struts of each prosthesis 
(geometric outflow area) was measured (Fig. 1). For explanted 
prostheses, the projected outflow area was normalized for each 
valve by dividing its area by the geometric outflow area of the 
unimplanted standard of the same size, resulting in a ratio, 
the normalized outflow area ratio (NOAR). 


Results 


Geometric outflow area increased for the unim- 
planted Hancock standard valves with increasing 
nominal valve size (‘Table I), as did the hydrodynamic 
effective orifice area, as determined from the data 
supplied by the manufacturer. The ratio of geometric 
outflow area to effective orifice area is fairly uniform, 
approximately 1.4 (range 1.39 to 1.54) across the entire 
size range. 

The relation between NOAR and time of function for 
the valves is shown in Figure 2. Long-term mitral (Fig. 
2A) and aortic (Fig. 2B) prostheses are shown inde- 
pendently, and all recovered prostheses, including 
short- and long-duration implants, are illustrated to- 
gether (Fig. 2C). The calculated line of regression of the 
data yields a slope describing a trend of minimal inward 
stent post deflection (Fig. 2C). The slope is —4.56 X 1074 


Hydrodynamic Ratio of Geometric 
Effective to Hydrodynamlc 

Orifice Area (cm?)t Areas 

1.04 + 0.09 1.45 

1.23 + 0.11 1.43 

1.36 + 0.08 1.42 

1.75 + 0.13 1.41 

1.97 + 0.03 1.34 

2.23 £0.10 1.38 

2.50 + 0.10 1.54 

2.85 + 0.30 1.53 

3.38 + 0.10 1.49 


NOAR units/month; the trend line predicts NOAR to 
cross 0.9 at 121 months. The intercept with the ordinate 
(extrapolation to 0 time) for the entire set of valves is 
0.955. For 7 short-term implants (group À prostheses), 
the NOAR was 1.00 + 0.03 (mean + standard devia- 
tion). For 47 implants of extended duration (group B 





FIGURE 1. Measurement of projected geometric outflow area. A, gross 
photograph of unimplanted Hancock standard orifice porcine blopro- 
sthesis. B, schematic of valve shown In A showing area measured in 
the present study (central cross-hatched region). 


112 . STENT CREEP OF HANCOCK BIOPROSTHESES 
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FIGURE 2. Normallzed geometric outflow area ratio (NOAR, geometric 
orifice area of explanted valve/geometric orifice of unlmplanted valve 
of same nominal size) for long-term mitral valves (A), long-term aortic 
valves (B), and ail explanted valves from this study (C). Key for symbols 
indicating nominal valve size: Aortic—solid circles, 19 mm; solid 
squares, 21 mm; solid triangles, 23 mm; solid diamonds, 25 mm; mi- 
trai —open circies, 25 mm; open-squares, 27 mm; open triangles, 29 
mm; open diamonds, 31 mm; hexagon, 33 mm; and right-angle 
triangle, 35 mm. 


valves functioning for 21 to 126 months) the NOAR was 
0.91 + 0.08. In 24 valves (51%), the NOAR was less than 
0.90, while in 4 cases (8%) (1 aortic and 3 mitral), the 
NOAR was less than 0.80. In 1 specimen, the NOAR was 
0.74; this specimen is shown in Figure 3, along with the 
unimplanted Hancock valve of the same nominal size. 
This aortic bioprosthesis was encountered incidentally 
at autopsy in a patient who died 36 months postopera- 
tively of a critical cuspal tear of the mitral bioprosthesis. 
Neither valve was calcified. n 


Discussion - 


Using a sensitive and precise method of quantitation 
of the geometric valvar orifice, the present study shows 
that progressive inward deflection of the stent posts of 
Hancock standard porcine aortic valve bioprostheses 
is not usually prominent during function of valves in ` 
either the aortic or the mitral position. Measurable but 
minimal stent creep of the Hancock standard orifice 
porcine bioprosthesis occurs frequently, but stent creep 
sufficient to cause hemodynamic impairment appears 
to be uncommon. The specific factors predisposing to 
the more prominent stent-post deflection in a few valves 
could not be determined because of the retrospective 
nature of the present study. The sizes of the valves an- 
alyzed in this study are generally representative of those 
implanted overall in our patients receiving valve re- 
placement (Fig. 2). Valves with the greatest degree of 
stent-post deflection were distributed throughout the 
spectrum of sizes of failed bioprostheses; they were not 
excessively large or small. This suggests that stent creep 
is not intrinsically more likely in specific valve sizes and 
thus, unusual patient anatomic factors causing external 
compression with or without patient-prosthesis mis- 
match were likely causal in the patients in whom it oc- 
curred. In addition to stent-post creep, inward migra- 
tion of bioprosthetic stent posts could also result from 
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FIGURE 3. Gross photograph of “worst-case” example of stent creep. 
Left, a 25-mm aortic prosthesis implanted for 36 months with a nor- 
malized geometric outflow area ratio of 0.74. The compromise of the 
outflow orifice is apparent. Right, an unimplanted 25-mm prosthesis 
for comparison. 
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traction of the stents due to overlying cloth-tissue in- 
growth,” but this was not noted to be important in any 
of our specimens. 

The hemodynamic importance of the derived index 
NOAR is unknown; it probably has a relative, but not 
absolute, physiologic significance. NOAR, as developed 
in this study, is equivalent to neither the calculated nor 
the measured hydrodynamic effective orifice areas, but 
in unimplanted valves is approximately proportional 
to the measured hydrodynamic effective orifice area. 
Whéher this relation is also valid for explanted valves, 
including those with some degree of stent creep, remains 
to be determined. 

It is unknown whether slow, progressive diminution 
in NOAR may account for a generalized trend toward 
late development of detectable stenosis of mitral porcine 
bioprostheses, as measured by a significant decrease 
from earlier values of valve area calculated at cardiac 
cathéterization.? Although stent creep was associated 
with stenosis in one of the patients reported,’ other 
patients reported with progressive valvar stenosis may 
havelhad any of the various pathologic alterations, such 
as progressive collagen degradation, calcification or 
thrombus, which could cause thickening (as shown 
echocardiographically)® and stiffening of the cusps 
themselves. Nevertheless, in the present study, of the 
47 specimens in place 21 months or longer, 24 (51%) had 
more'than 10% reduction of geometric outflow area but 
only 4 (8%) had more than 20%. No specimen showed 
a reduction i in geometric outflow area of more than 26%. 
However, despite this worst-case example, resultant 
geometric outflow area remained 4% greater than ef- 
fective hydrodynamic area (1.82 vs 1.75 cm?), as quoted 
by the manufacturer (Table I). Although this suggests 
that outflow area changes may not play a dominant role 
in decreasing the hydrodynamic effectiveness of these 
valves, the specific contribution of changes in geometric 
outflow area to performance must be determined. 

An'approximation of the hemodynamic importance 
of stent-post deflection could, in principle, be obtained 
by in vitro hydrodynamic testing (pulse simulation) of 
explanted valves. However, such evaluation was clearly 
beyond the scope of this study. Furthermore, the 
prostheses we examined had previously been fixed and 
Feds as well as, in some cases, tissue ingrown or 

dherent to the cloth strut coverings or sewing ring had 
pem sectioned for histologic analysis. A model analysis 
of hydrodynamic effects would not necessarily require 
clinically explanted valves; it could be done on cloth- 
covered frames of the range of available sizes, deformed 
to known degree, with NOAR and peak systolic pressure 
gradients measured, by the techniques described herein 
and pulse simulation, respectively, for each valve. 

Porcine aortic valve bioprostheses were originally 
mounted on rigid metal stents. In 1971, a flexible 
polypropylene-stent valve with an elastic superstructure 
was introduced i in an effort to decrease the dynamic 
mechanical stress on the valvar tissue, especially during 
closure,’ thereby intending to enhance durability. Al- 
though the extent of deflection of the flexible stents 
during clinical function is unknown, there was no de- 


tectable flexion of the stent posts in porcine biopros- 
theses implanted as aortic replacements in calves.8 The 
lack of generalized measurable stent creep suggests that 
the theoretical benefit of stent flexibility may not be 
realized in practice. If deflections of several millimeters 
actually occurred during in vivo use, then the mechan- 
ical stresses generated during the closed portion of the 
cycle should be sufficient to cause progressive visco- 
elastic deformation (creep) of the struts, thereby per- 
manently deforming them toward the center of the 
valvar orifíce.9:10 Thus, cyclical stent-post movement 
during clinical function is probably of low amplitude, 
because if it were uniform and significant, fixed stent- 
post deflection should be frequent and substantial after 
extended duration of function.? Furthermore, there is 
no evidence that the use of flexible stents enhances 
clinical valve durability. 

Although several hundred thousand valves with this 
design have been implanted in patients, complications 
directly attributable to the flexible stent are unusual. 
In 1 case, strut compression of a Hancock porcine 
bioprosthesis implanted in the aortic root resulted in 
valvar thrombosis requiring reoperation 14 months after 
original surgery.!! In a patient with aortic and mitral 
bioprostheses, severe hemolytic anemia developed 12 
months after valve insertion, with a measured mean 
aortic valvular gradient of 63 mm Hg.!^ This condition 
most likely resulted from extrinsic stent-post com- 
pression in this patient's narrow aortic root, producing 
secondary valvular obstruction. In the only documented 
case of stent creep, permanent centripetal stent-post 
deformation resulted in a mitral valve gradient of 11 
mm Hg in a patient 9 years after mitral valve replace- 
ment was performed.* 

Because several features of the present study may be 
considered to limit the value of its conclusions, they 
therefore merit comment. First, most of the biopros- 
theses studied had been removed for dysfunction or 
caused death by valve-related failure. Thus, as is char- 
acteristic of many studies using non-randomly selected 
pathologic specimens, the question arises as to whether 
guch valves are representative of all functioning valves. 
'That in all cases studied failure apparently neither 
caused nor was caused by stent creep suggests that the 
results are indeeed representative. Second, the desire 
to characterize all specimens by a uniform anatomic 
variable, independent of nominal size, required the 
derivation of a normalized index. Although it is quan- 
titative and precise, it can neither be related to standard 
hemodynamic parameters nor be easily manipulated 
through conventional statistical methods. Finally, there 
is considerable scatter in the data, including values of 
NOAR greater than 1.0. This most likely represents real 
variation. It is unlikely that the measurement technique 
itself yields substantial error. All valves, including 
standards, were photographed without intervening 
camera movement, and planimetric measurement of 
areas is highly reproducible. However, within the limits 
of the manufacturer's quality-control specifications, 
there is probably some degree of variability in the geo- 
metric outflow area, as measured in this study, among 
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the commercially produced valves of the same nominal 
size before implantation. Ba 
The present study is the. first to ie clinically 


. removed bioprostheses to assess whether and with what . 


frequency measurable progressive strut compression 
occurs. The lack of generalized stent creep shown in the 
present study and the specific conditions noted in sev- 


eral of the cases reported and discussed above suggest - 


that specific patient anatomic factors or prosthetic 
disproportion or both are specific etiologic factors causal 
to clinically significant stent-post deformation. Nev- 
ertheless, the recently introduced Hancock II biopros- 
thesis incorporates, among other modifications, acetal 
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A simple and accurate noninvasive method to 
quantity the degree of mitral regurgitation (MR) is 
lacking. Therefore, the ratio of the aortic (AVO) to 
mitral valve opening area (MVO) from 2-dimen- 
slonally guided M-mode echocardiographic tracings 
was examined as an estimate for the presence and 
severity of MR. Seventy-two patients who had un- 
dergone catheterlzatlon were studled: 49 with id- 
lopathic dilated cardiomyopathy, 7 with coronary 
artery disease and 16 with organlc MR. Twenty-elght 
patients had no MR (group I), 23 had mlld/moderate 





There is no simple and accurate noninvasive method to 
quantify the degree of mitral regurgitation (MR). Corya 
et al! reported that the difference between aortic and 
mitral valve stroke volume, calculated from M-mode 
recordings of these valves, can be used to detect MR. We 
developed an alternative method of estimating the 
presence and severity of MR by using the ratio of aortic 
valve to mitral valve opening area (AVO/MVO), both 
determined from 2-dimensionally guided M-mode 


echocardiographic tracings. 


Methods 


Patients: We studied 72 patients by echocardiography; they 
subsequently underwent catheterization within 24 hours. 
Forty-nine patients had idiopathic dilated cardiomyopathy, 
7 had coronary artery disease, 14 had a mitral valve prolapse 
and 2 had a flail mitral valve. Patients with aortic stenosis or 
regurgitation, mitral stenosis or mitral calcification with re- 
stricted MVO, evaluated by angiographic, hemodynamic or 
echocardiographic criteria, were excluded from the study. 

Cardiac catheterization: The right anterior oblique view 
of the left ventricle was used to calculate the left ventricular 
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MR (group Il) and 21 had severe MR (group Ill). The 
AVO/MVO ratio was 0.86 + 0.2 in group I, 0.53 + 0.1 
in group Il and 0.31 + 0.1 In group III (p <0.001). An 
AVO/MVO ratio of 0.65 or less predicted MR with a 
sensitivity of 98% and a specificity of 8696. 
Furthermore, a strong relation was found between 
the ratlo and the anglographic severity of MR. Thus, 
the AVO/MVO ratlo is a simple echocardiographlc 
parameter for detecting the presence and severity 
of MR. 

(Am J Cardiol 1985;56:115—118) 


end-diastolic and end-systolic volumes by applying Simpson's 
rule. Thermodilution cardiac output measurements were 
performed in every patient. 

MR was graded semiquantitatively from the left ventricu- 
lograms.by 2 independent investigators as follows? grade 
0—no MR; grade I—the contrast material clears with each 
beat and never opacifies the left atrium; grade II-—the contrast 
material does not clear with 1 beat and opacifies the left 
atrium after several beats; grade HI—the left atrium opacifies 
with contrast material to an intensity equal to that of the left 
ventricle; and grade [V—the left atrium opacifies with 1 beat 
and becomes progressively more dense with each beat. 

Echocardiography: Two-dimensional(2-D) and M-mode 
echocardiography was performed by 2 of the investigators 
within 24 hours of cardiac catheterization using a Varian 3400 
transducer (2.25 MHz, 2 cm in diameter, unfocused). The 
patients were studied in the left lateral decubitus position. 
The transducer was positioned along the left sternal border 
in the third to fifth intercostal space. The image was recorded 
on a commercially available VHS video recorder system. T'o 
obtain proper M-mode images, a 2-D short-axis view was used 
with the M-mode cursor directed precisely through the middle 
of the mitral or aortic valve. The mitral valve echogram was 
recorded at the tips of the leaflets and the aortic valve echo- 
gram at widest separation. The M-mode tracings of the aortic 
and mitral valve were recorded consecutively with the same 
magnification and a paper speed of 100 mm/s. 

Calculation of aortic and mitral valve opening area: AVO 
and MVO areas were calculated from the M-mode tracings 
using a Cardio 80® computer. AVO was measured as the area 
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TABLE! Cardiac Catheterlzatlon Data 


Group | Group II Group III 
I(n = 8) Ill (n = 12) 
MR Grade 0 (n = 28) Il (n = 15) IV(n- 9) 
LVEDV (ml) 424 + 149 499 + 157 . 359 d 142 
LVEF (96) 49 + 16 34+ 13 64 + 15 


CO (Ilters/min) 6.2 + 1.4 4.8 + 1.3 4.7 + 1.7 


CO = cardiac output; LVEDV = left ventricular end-diastolic volume, 
LVEF - left ventricular ejection fraction; MR — anglographic grade of 
mitral regurgitation. 


between the right coronary and noncoronary cusp of the aortic 
valve during systole and MVO as the area between the mitral 
valve leaflets.during diastole. 

AVO and MVO were calculated as a mean value from at 
least 5 consecutive cardiac cycles; if atrial fibrillation was 
present, 10 cycles were used. Furthermore, we computed the 
AVO/MVO ratio. The normal value of AVO/MVO, derived 
from 10 healthy subjects, ranged from 0.69 to 1.27. An AVO/ 
MVO of 0.65 or less was arbitrarily chosen as an indicator for 
the presence of MR. The interobserver variability of AVO, 
MVO and AVO/MVO was determined in 5 patients with MR 
(3 in sinus rhythm and 2 in atrial fibrillation) by having 2 
observers perform the measurements. For AVO the mean 
interobserver variability was 3.3 + 3.4% (range 0.1 to 8.8%), 
for MVO 2.0 + 2.7% (range 0.7 to 6.9%) and for AVO/MVO 3.2 
+ 1.8% (range 0.7 to 5.0%). 

Echocardiographic estimation of the regurgitant fraction: 
Aortic valve stroke volume (AVSV) was calculated using the 
formula of Corya et al!: AVS X ET x 100 + AA, where AVS 
(cm) = the mean value of the initial and the late aortic cusp 
separation measured as the internal distance between the 
most peripheral cusp echoes, ET (seconds) = ejection time, 
measured as the total time the aortic valve is open, and AA 
(mm) = echocardiographic excursion of the posterior aortic 
wall during systole. 

Mitral valve stroke volume (MVSV) was calculated using 
Rasmussen’s formulal?: [(HE/HR) + PR] x 100 + [(2 X DE)/ 
HR], where EE (mm) = distance between the E points of the 
anterior and posterior mitral valve leaflet, DE (mm/s) = the 
slope of the curve from the D point of the mitral valve to the 
E point, HR (beats/min) = heart rate, and PR (seconds) = 
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FIGURE 1. Relation between aortic valve opening area (AVO) and mitral 
valve opening area (MVO). MR = mitral regurgitation. 
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time between the onset of the P wave and the onset of the Q 
wave. 

To determine AVSV and MYSV we used 5 consecutive 
cardiac cycles and 10 cardiac cycles if atrial fibrillation was 
present. The regurgitant fraction (%) was calculated from the 
formula: [((MVSV — AVSV)/MVSV] x 100. Regurgitant flow 
through the mitral valve was considered to be present if the 
regurgitant fraction was greater than 2096. 

Statistical analysis: All measured variables are expressed 
as mean + standard deviation. The relation between 2 vari- 
ables was tested by linear regression analysis. Differences 
between 2 or more means were analyzed using a Student è test 
or a 1-way analysis of variances. ‘The chi-square test or, when 
appropriate, Fisher's exact test were performed for qualitative 
comparisons. We also calculated Pearson's corrected contin- 
gency coefficient. 


Results 


Patient characteristics: The mean age of the 72 
study patients was 52 + 7 years. No MR was detected 
angiographically in 28 patients (group D. Mild to 
moderate MR (angiographic grade I and II) was found 
in 23 patients (group II) and severe MR (angiographic 
grade III and IV) was present in 21 patients (group IIT). 
The cardiac catheterization data of the 72 patients are 
summarized in Table I. 

Relation between AVO and MVO: The relation 
between AVO and MVO depends on the presence and 
the severity of MR (Fig. 1). For each of the 3 groups a 
distinct regression line for the relation between AVO 
and MVO was calculated. In Figure 2 the AVO/MVO 
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FIGURE 2. Values of the aortic valve opening area/mitral valve opening 
area (AVO/MVO) ratio for the 3 groups of patients. Bars indicate the 
mean + standard deviation. 
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TABLE li Evaluation of Mitral Regurgitation (MR) by 
Calculating AVO/MVO or by Determining the 
Echocardiographic Regurgitant Fraction (RF) 





| NoMR MR No MR MR 
AVO/MVO > 0.65 25 1 RF < 20% 25 13 
AVO/MVO < 0.65 3 43 RF > 2096 3 31 
p <0.0001 p <0.0001 


The tables were analyzed using Fisher's exact test. 
AVO = aortic valve opening area; MVO = mitral valve opening 
area. 


s. 


ratio is plotted for each group. The mean values were 
0.86 + 0.2 in group I, 0.53 + 0.1 in group II and 0.31 + 
0.1 in group III (p <0.001). The AVO/MVO decreases 
with the severity of MR. The presence or absence of MR 
estimated by the AVO/MVO is shown in Table II. Of 46 
patients with an AVO/MVO ratio of 0.65 or less, 43 had 
a MR. No MR was found in 25 of 26 patients with an 
AVO/MVO ratio greater than 0.65. Àn example of the 
AVO/MV O ratio in a healthy subject without MR and 
ina patient with idiopathic dilated cardiomyopathy and 
severe MR is given in Figure 3. The regurgitant fraction 
calculated by the method of Corya et al is shown in 
Table II. Thirty-one of 34 patients with a regurgitant 
fraction greater than 20% had a MR. No MR was 
present in 25 of 38 patients with a regurgitant fraction 
less than 2096. 

To discriminate patients with mild MR (group II) 
from those with severe MR (group III), we fixed a sec- 
ond limit for AVO/MVO at a value of 0.4. We assumed 
values below this limit to predict severe MR. Similarly, 
we assumed that a regurgitant fraction greater than 30% 
should predict severe MR. Table III shows the results 
of this analysis. Using Pearson’s method we found only 
a slight correlation between the regurgitant fraction and 
the severity of MR (CCeorr = 0.643). However, AVO/ 
MVO rendered a good prediction of the severity of MR. 
Twenty-five of 28 patients without MR had a ratio 
greater than 0.65, 20 of 23 patients with mild MR had 
a ratio between 0.4 and 0.65 and in 18 of 21 patients with 
severe MR a ratio less than 0.4 was found (CC, = 
0.927 

: Discussion 

Cotya et al! described a method of detecting MR by 
the use of M-mode echocardiography only. They re- 
ported a sensitivity of 95% and a specificity of 96% in 





—. AVO/MVO: 0.75 
FIGURE 3. Aortic valve opening/mitral valve opening area (AVO/MVO) 


ratio In a normal person (NP) without mitral regurgitation (MR) and In 
a patient with severe MR. 


AVO/MVO: 0.35 


their patient population. Applying their method to our 
patient population, we found significantly lower values: 
sensitivity of 71% and specificity of 89%. Eight of 23 
patients with mild MR and 5 of 21 patients with severe 
MR were falsely classified as having no MR. Thus, this 
method often failed to detect small degrees of MR, as 
also holds true for other echocardiographic estimates 
of MR, such as the calculation of left atrial emptying 
volume* and Doppler echocardiography.> Further- 
more, even severe degrees of MR were not recognized 
in almost 2596 of the patients. 

Theoretically, AVO/MVO compares systolic trans- 
aortic blood flow with diastolic transmitral blood flow. 
AVO has been shown to correlate well with forward 
stroke volume. 8-19 We found a significant correlation 
between AVO X heart rate and cardiac output, whether 
or not MR was present (Fig. 4). In patients without MR, 
MVO has been shown to be related to the stroke vol- 
ume.®11,12 Neither AVO nor AVO/MVO was related to 
ejection fraction in patients without MR. In our patient 
population the AVO/MVO ratio predicts MR with a 
sensitivity of 98% and a specificity of 86%. Thus, this 
method appears to be better than that of Corya et al.! 

Our method may have some additional advantages 
compared with the calculated echocardiographic 
regurgitant fraction: (1) Seven variables must be mea- 
sured for calculating the regurgitant fraction, whereas 
the AVO/MVO requires only the calculation of 2 valve 
opening areas. (2) The value of the regurgitant fraction 
does not predict the severity of MR, whereas the 
AVO/MVO ratio does. Whether MR was due to an or- 


TABLE Il] Relation Between the Angiographic Severity of Mitral Regurgitation (MR) and 
the AVO/MVO Ratio (R), Respectively, with the Echocardlographic 


| 

| 

| Regurgitant Fraction (RF) 

| Anglographic Grade of MR 

| 0 i/ili IIV 0 Mi WAV 

| R» Q0. 65 25 1 0 RF < 20% 25 8 5 
0.4 « R 0.65 3 20 3 2096 < RF < 30% 3 8 6 

| R<0.4 0 2 18 RF > 30% 0 7 10 

x? = 96.33 x? = 27.42 
CCoor = 0.927 CCS. = 0.643 


| 


l 


contingency coefficient. 


AVO/MVO = ratio of aortic valve opening to mitral valve opening area; CC. = Pearson's corrected 
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FIGURE 4. Relation between the aortic valve opening area (AVO) 
multipiled by heart rate (HR) and the cardiac output determined by the 
thermodilution technique (COm). The 95% confidence area lies In 
between the 2 curves. 


ganic lesion or caused by left ventricular dilatation had 
no influence on AVO/MVO. 

Limitations of the study: The opening of the aortic 
cusps mainly depends on the blood flow. When the flow 
ceases the cusps shut immediately. This is in contrast 
to the mitral valve, which remains open during diastole 

.even in the presence of a 0 flow.!? It follows that the 
diastolic transmitral blood flow will be overestimated 
‘by the MVO in case of low heart rates, which leads to a 
decrease in AVO/MVO. In patients without MR we 
found a weak relation between AVO/MVO and heart 
rate (r = 0.48). In the presence of bradycardia (less than 
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60 beats/min), a value of AVO/MVO of 0.65 or. less 
should therefore be interpreted cautiously. j 

Like the method of Corya et al,! the ratio cannot be 
used in the case of leaflet calcification, which restricts 
MVO and AVO. 

Clinical implications: The determination of AVO 
and MVO and AVO/MVO can be used to estimate car- 
diac output (using the AVO) and to evaluate the pres- 
ence and severity of MR (using AVO/MVO). 
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ue flow and anterlor mitral leaflet motion. Circulation 1979;59:476— 
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GERIATRI 


For elderly patients with angina, * the trans- 
dermal nitroglycerin patch in the upper left 
can be as difficult to open as a childproof cap. 

Nitro-Dur is easier to open, easier to 
apply. Its been designed to fit more comfort- 
ably into the lives of those who use it. Even 
elderly patients with arthritis or sight impair- 
ment can open Nitro-Dur easily. Its backing is 
easy to see and to peel off from any corner. 
Its size is comfortable to handle. And its 
application is simple—no continual pressure 
is needed. 

No wonder it has won a place so close to 
so many hearts. 
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PROVEN. 


Symptoms of hypotension may be due to overdosage. If hypotension 
occurs, the dosage should be reduced. In peeve treatment, the dosage 
must be gradually reduced over a 4- to 6-week period. 


*All transdermal nitroglycerin products are being marketed pending final 
evaluation of effectiveness by the FDA. 


Nitro-Dur 
(nitroglycerin) 


Transdermal Infusion System 
Practical not pretty. 


See next page for brief summary of prescribing information. 
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insdermal Infusion System 


INICAL PHARMACOLOGY: When the Nitro-Dur system is 
plied to the skin, nitroglycerin is absorbed continuously 
ough the skin into the systemic circulation. This results in 
ive drug reaching the target organs (heart, extremities) 
'ore deactivation by the liver. Nitroglycerin is a smooth 


iscle relaxant with vascular effects manifested predominantly 


venous dilation and pooling. The major beneficial effect of 
'oglycerin in angina pectoris is a reduction in myocardial 
tgen consumption secondary to vascular smooth muscle 
ixation with resultant reduction in cardiac preload and 


»rload. In recent years there has been an increasing recogni- 


1 of a direct vasodilator effect of nitroglycerin on the 

onary vessels. 

n a bioavailability study using healthy volunteers,’ trans- 
mal absorption of nitroglycerin from Nitro-Dur achieved 
ady state venous plasma levels and maintained these levels 
24 hours. Detectable plasma levels were attained within 
minutes after application of the system and were still 
ectable 30 minutes after removal of the system. Precise 
inition of “therapeutic plasma level" is not known at this 

e. The amount of nitroglycerin released (2.5 mg, 5 mg, 
mg, 10 mg or 15 mg per 24 hours) represents the mean 
ase rate of nitroglycerin from the system as determined 

n healthy volunteers, and hence, the amount potentially 
lable for absorption through the skin. Absorption will vary 
yng individuals. 


IDICATIONS AND USAGE: This drug product has been 
nditionally approved by the FDA for the prevention and 
eatment of angina pectoris due to coronary artery 
sease. The conditional approval reflects a determination 
at the drug may be marketed while further investigation 
its effectiveness is undertaken. A final evaluation of the 
fectiveness of the product will be announced by the FDA. 


ITRAINDICATIONS: Intolerance of organic nitrate drugs, 
ked anemia. 


ININGS: The Nitro-Dur system should be used under 
ful clinical and/or hemodynamic monitoring in patients 
acute myocardial infarction or congestive heart failure. 


terminating treatment of anginal patients, both the dosage 


frequency of application must be gradually reduced over a 
Yd of 4 to 6 weeks in order to prevent sudden withdrawal 
tions, which are characteristic of all vasodilators in the 
glycerin class. 


CAUTIONS: Symptoms of hypotension, such as faintness. 
«ness or dizziness, particularly orthostatic hypotension, 
be due to overdosage. If during the course of treatment 

? Symptoms occur, the dosage should be reduced or use of 
roduct discontinued. 

tro-Dur is not intended for use in treatment of acute 

lal attacks. For this purpose, occasional use of sublingual 
glycerin may be necessary. 

egnancy: Pregnancy Category C. Animal reproduction 

es have not been conducted with Nitro-Dur. It is also not 
n whether nitroglycerin can cause fetal harm when 
nistered to a pregnant woman or can affect reproduction 
sity. Nitroglycerin should be given to a pregnant woman 

f clearly needed. 

rsing Mothers: It is not known whether nitroglycerin is 
ted in human milk. Because many drugs are excreted in 
in milk, caution should be exercised when Nitro-Dur is 
nistered to a nursing woman. 


(RSE REACTIONS: Transient headache is the most com- 
side effect, especially when higher doses of the drug are 
listered. Headaches should be treated with mild anal- 

5 while continuing Nitro-Dur therapy. If headache 

its, the Nitro-Dur dosage should be reduced or use of the 
ict discontinued. Adverse reactions reported less fre- 

ly include hypotension, increased heart rate. faintness, 
ng, dizziness, nausea, vomiting, and dermatitis. Except 
rmatitis, these symptoms are attributed to the phar- 
Ogic effects of nitroglycerin. However, they may be 
toms of overdosage. When they persist, the Nitro-Dur 

€ should be reduced or use of the product discontinued. 
AGE CONDITIONS: Store at controlled room temperature 
'C (59-86°F). Do not refrigerate. 

SUPPLIED: Nitro-Dur Transdermal Infusion System, 
9/24 hrs (Scm2), 5 mg/24 hrs (10cm2), 7.5 mg/24 hrs 
2), 10 mg/24 hrs (20cm?) and 15 mg/24 hrs (30cm?), is 
le in unit dose packages of 28 and hospital unit dose 
jes of 100. 

ON: Federal law prohibits dispensing without 

iption. 

complete prescribing information, please see package 


n file: Key Pharmaceuticals, Inc. 
® 


p KEY PHARMACEUTICALS, INC. 


Miami, Florida 33269-0670 
World leader in 
drug delivery systems. 
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AIDS 


An important new book on 
today’s most virulent epidemic 










From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis e 


Acquire Immune 


Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 


The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers on this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease control and hospital teaching centers 
throughout the country. Comprehensive Coverage is given to the entire spectrum of sexually trans- 
mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 


book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases, i 


Table of Contents 


* PART | SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL * PART 2 SEXUALLY 
TRANSMITTED DISEASES — DIARRHEAL * PART 3 OTHER SEXUALLY TRANSMITTED 
DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 


IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
PERSPECTIVE 


Order Form 


Send orders to: 


Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 


AiL BOOKS SENT ON 
30 DAY APPROVAL 


Please send me the following book: 
C Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Men $39.50 (00034) 
O Enclosed is my check for —— 1 Which includes $1.50 for handling. York pays postage. Same 
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| 

| 

| 
return privilege, New York residents add appropriate sales tax. Add $5.00 per book for orders outside | 
the U.S, and Canada. | 
| 

| 

| 

| 

| 

| 


C Please bill my C] VISA =O) MasterCard (same return privilege) 
Card No. —————————————— Exp. Date 


Interbank No. (M/C only) Signature 
O Please bill me plus postage and handling. (U.S. and Canadian orders only.) 


Name 








ZG IBdEUGdMR M MA D EU ee See Pe) 
Address 


City/State/Zip 
Customers in the following states please include applicable sales tax: CA, C T, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders must 


be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders to be 
shipped outside the U.S. and Canada 
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Digoxin therapy with tablets may be compromised by: 


O many commonly coadministered drugs, eg, 
antibiotics, antidiarrheals, antacids, and agents that 
increase or decrease gut motility 


L] concurrent GI disease: diarrhea, malabsorption 
syndromes, intestinal diseases, constipation 


Digoxin therapy with Lanoxicaps® (digoxin solution in 
capsules) allows the digoxin to be much more rapidly 
and completely absorbed. Whereas tablet bioavailabil- 
ity is only in the range of 6096 to 8096, bioavailability 
with Lanoxicaps is similar to that following IV adminis- 
tration, 9096 to 10096. Less variability in the amount of 
digoxin absorbed means less risk of over- or under- 
digitalization, improving your patient's safety margin. 
“Bioavailability of digoxin has represented one of the 
most discussed topics of cardiovascular pharma- 
cology of the past decade. The consequent changes in 
pharmaceutical manufacturing have led to prepara- 
tions with nearly optimal bioavailability thus favouring 
a substantial advancement towards a safer treatment" 


Levy G, cited by Malini PL, Strocchi E, Negroni S, et al: 
Greater bioavailability of digoxin in a new capsule preparation. 
Current Therapeutic Research 1983;33:646-650. 


"Data collected so far show that if a product is fully 
bioavailable, the bioavailability in different subjects 
and in the same subject at different times is within a 
very narrow range, say 95—10096. However, if a 
poorly available product has an average bioavailability 
of say 5096, the range in individual patients, and in the 
same patient at different times, covers a tremendous 
range, sometimes from 0 to 100%!” 


Wagner JG: An overview of the analysis and interpretation 
of bioavailability studies in man. Pharmacology 1972;8:102-117. 





Thenewstandard in digoxin 


Copr. €1984 Burroughs Wellcome Co. All rights reserved. Please see brief summary of prescribing information on following page. 





“The enhanced bioavailability of the capsule formula- 
tion and the resulting minimized intersubject and 
intrasubject variability in serum digoxin concentra- 
tions make the capsule dosage form the preferred 
form of oral digoxin for use in patients who typically 
have a multitude of factors that can markedly alter 
digoxin bioavailability.’ 

Johnson BF: Influences of dosage form and other factors 

on variability in digoxin absorption, in Digoxin Therapy: 


The Role of Lanoxicaps®. Burroughs Wellcome Co., 
1983, pp 14-19. 


"The more incompletely a drug is absorbed, the more 

will its absorption vary between patients and in the 

same patient with time. Drug formulation should 

always strive for the most complete bioavailability . . . ” 
Koch-Weser J: Drug therapy: Bioavailability of drugs 


(second of two parts). N Engl J Med 1974;291:503-506. 
Monograph Available 


To receive a compilation of clinical studies, entitled 
Digoxin Therapy: The Role of Lanoxicaps®, just ask 
your B.W. Co? representative or write: Lanoxicaps 
Monograph, Burroughs Wellcome Co., Research 
Triangle Park, NC 27709. 


0.05 mg 0.1 mg 0.2 mg 


Actual size EN EN 


Burroughs Wellcome Co. 
Wellcome 





Research Triangle Park 
North Carolina 27709 
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LANOXICAPS® 
- (digoxin solution in capsules) 

50 pg (0.05 mg) I.D. Imprint A2C (red) 
100 jg (0.1 mg) I.D. Imprint B2C (yellow) 

- 200 ug (0.2 mg) I.D. Imprint C2C (green) 
.. Brief Summary of Prescribing Information 
-Before using Lanoxicaps® (digoxin solution in capsules), 
.. the physician should be thoroughly familiar with the 
basic pharmacology of this drug as well as its drug 
. interactions and its indications and usage. 
-. CONTRAINDICATIONS: Digitalis glycosides are con- 
. traindicated in ventricular fibrillation. Any untoward effect 
. requiring permanent discontinuation of other digitalis prep- 
— arations usually constitutes a contraindication to digoxin. 
. Hypersensitivity to digoxin itself is a contraindication to its 
_ use. Allergy to digoxin, though rare, does occur. It may 

_ Rot extend to all such preparations, and another digitalis 

- glycoside may be tried with caution. 

- WARNINGS: The use of digoxin or other digitalis glyco- 
Sides in the treatment of obesity is unwarranted and 
. dangerous. 
— Itis recommended that digoxin in soft capsules be 
administered in divided daily doses to minimize any poten- 
tial adverse reactions. Where compliance is considered 
- à problem, single daily dosing may be appropriate (see 
- DOSAGE AND ADMINISTRATION section in complete 
— prescribing information). 

. Anorexia, nausea, vomiting and arrhythmias may 
. accompany heart failure or may be indications of digitalis 
_ intoxication. Clinical evaluation of the cause of these 
. Symptoms should be attempted before further digitalis 
. administration. 
Patients with renal insufficiency require smaller than 

. usual maintenance doses of digoxin (see DOSAGE AND 

- ADMINISTRATION section in complete prescribing 
information). 

E. Heart failure accompanying acute glomerulonephritis 

- requires extreme care in digitalization. Relatively low 

- loading and maintenance doses and concomitant use of 

- antihypertensive drugs may be necessary. Careful 
monitoring is essential. Digoxin should be discontinued 
-aṣ soon as possible. 

Patients with severe carditis, such as carditis associated 

_ With rheumatic fever or viral myocarditis, are especially 

- Sensitive to digoxin-induced disturbances of rhythm. 
-.. Newborn infants display considerable variability in their 
tolerance to digoxin. Premature and immature infants 
are particularly sensitive, and dosage must not only be 
“reduced but must be individualized according to their 

- degree of maturity. 

— Note: Digitalis glycosides are an important cause of 
accidental poisoning in children. 

PRECAUTIONS: 

‘General: Digoxin toxicity develops more frequently and 
lasts longer in patients with renal impairment because of 
‘the decreased excretion of digoxin. Therefore, dosage re- 
quirements will be decreased in patients with moderate to 
‘Severe renal disease (see DOSAGE AND ADMINISTRATION 
Section in complete prescribing information). More time is 
Required to achieve an initial or new steady-state concen- 
tration in patients with renal impairment than in patients 
with normal renal function. 

-— [n patients with hypokalemia, toxicity may occur despite 
serum digoxin concentrations within the “normal range", 
because potassium depletion sensitizes the myocardium 
| Hypokalemia may result from diuretic, ampho- 
ricin B or corticosteroid therapy, and from dialysis or 
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mechanical suction of gastrointestinal secretions. It may 
also accompany malnutrition, diarrhea, prolonged 
vomiting, old age and long-standing heart failure. In 
general, rapid changes in serum potassium or other elec- 
trolytes should be avoided, and intravenous treatment with 
potassium should be reserved for special circumstances as 
described below (see TREATMENT OF ARRHYTHMIAS 
PRODUCED BY OVERDOSAGE section in complete pre- 
scribing information). 

. Calcium, particularly when administered rapidly by the 
ntravenous route, may produce serious arrhythmias in 
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digitalized patients. Hypercalcemia from any cause pre- 
disposes the patient to digitalis toxicity. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin may be 
ineffective until serum calcium is restored to normal. 
Hypomagnesemia may predispose to digitalis toxicity. If 
low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 
Quinidine and verapamil cause a rise in serum digoxin 


. concentration, with the implication that digitalis intoxi- 


cation may result. This rise appears to be proportional 
to the dose. Due to the considerable variability of these 
interactions, digoxin dosage should be carefully 
individualized. 

Certain antibiotics may increase digoxin absorption in 
patients who convert digoxin to inactive metabolites in the 
gut (see Pharmacokinetics portion of the CLINICAL : 
PHARMACOLOGY section in complete prescribing in- 
formation). The magnitude of rise in serum digoxin con- 
centration may be as much as two-fold in some cases. 
This interaction is significantly reduced if digoxin is given 
as Lanoxicaps. 

Patients with acute myocardial infarction or severe 
pulmonary disease may be unusually sensitive to digoxin- 
induced disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states 
(e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended 
as the only treatment of these arrhythmias and care must 
be taken to avoid toxicity. In hypothyroidism, the digoxin 
requirements are reduced. Digoxin responses in patients 
with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to 
electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the con- 
sequences of rapid increase in ventricular response to 
atrial fibrillation if digoxin is withheld 1 to 2 days prior to 
cardioversion. If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. If it is not 
prudent to delay cardioversion, the energy level selected 
should be minimal at first and carefully increased in an 
attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes- 
Adams attacks, may progress to advanced or complete 
heart block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick 
Sinus Syndrome), digoxin may worsen sinus bradycardia 
or sino-atrial block. 

In patients with Wolff-Parkinson-White Syndrome 
and atrial fibrillation, digoxin can enhance transmission 
of impulses through the accessory pathway. This effect 
may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients 
with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether 
digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to 
respond to digoxin. In addition, slowing of the heart rate 
by digoxin in some patients may further decrease cardiac 
output. 

Patients with heart failure from amyloid heart disease or 
constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachy- 
cardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the 
electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful 
and offers no advantages unless other routes of adminis- 
tration are contraindicated. 

Drug Interactions: Potassium-depleting corticosteroids 
and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the 
intravenous route, may produce serious arrhythmias. 
Quinidine and verapamil cause a rise in serum digoxin con- 
centration, with the implication that digitalis intoxication 
may result. Certain antibiotics increase digoxin absorption 
in patients who inactivate digoxin by bacterial metabolism 
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(digoxin solution in capsules) 
SAFER FOR MANY PATIENTS 





in the lower intestine, so that digitalis intoxication may 
result. Propantheline and diphenoxylate, by decreasing 
gut motility, may increase digoxin absorption. Antacids, 
kaolin-pectin, sulfasalazine, neomycin, cholestyramine 
and certain anticancer drugs may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low serm 
concentrations. Thyroid administration to a digitalized, 
hypothyroid patient may increase the dose requirement 

of digoxin. Concomitant use of digoxin and sym- 

pathomimetics increases the risk of cardiac arrhythmias, 

because both enhance ectopic pacemaker activity. Suc- 
cinylcholine may cause a sudden extrusion of potassium 
from muscle cells, and may thereby cause arrhythmias in 
digitalized patients. Although B adrenergic blockers or cal- 
cium channel blockers and digoxin may be useful in com- 
bination to control atrial fibrillation, their additive effects 
on AV node conduction can result in complete heart block. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

There have been no long-term studies performed in 

animals to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 

Digoxin should be given to a pregnant woman only if 

clearly needed. 

Nursing Mothers: Caution should be exercised when 

digoxin is administered to a nursing woman. 

ADVERSE REACTIONS: The frequency and severity of 

adverse reactions to digoxin depend on the dose and route 

of administration, as well as on the patient's underlying 
disease or concomitant therapies (see PRECAUTIONS 
section). The overall incidence of adverse reactions has 
been reported as 5 to 20%, with 15 to 20% being consid- 
ered serious (1 to 4% of patients receiving digoxin). Car- 
diac toxicity accounts for about one-half, gastrointestinal 
disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 

Adults: 

Cardiac — Unifocal or multiform ventricular premature 

contractions, especially in bigeminal or trigeminal 

patterns, are the most common arrhythmias associated 
with digoxin toxicity in adults with heart disease. Ventricu- 
lar tachycardia may result from digitalis toxicity. Atrioven- 
tricular (AV) dissociation, accelerated junctional (nodal) 
rhythm and atrial tachycardia with block are also common 
arrhythmias caused by digoxin overdosage. Excessive 
slowing of the pulse is a clinical sign of digoxin over- 
dosage. AV block (Wenckebach) of increasing degree may 
proceed to complete heart block. 

Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
cardiac disturbances. 

Gastrointestinal— Anorexia, nausea, vomiting and less 

commonly diarrhea are common early symptoms of over- 

dosage. Uncontrolled heart failure may also produce such 
symptoms. 

CNS— Visual disturbances (blurred or yellow vision), 

headache, weakness, apathy and psychosis can occur. 

Other— Gynecomastia is occasionally observed. 

Infants and Children: Toxicity differs from the adult in a 

number of respects. Anorexia, nausea, vomiting, diarrhea 

and CNS disturbances may be present but are rare as initial 
symptoms in infants. Cardiac arrhythmias are more reli- 
able signs of toxicity. Digoxin in children may produce any 
arrhythmia. The most commonly encountered are conduc- 
tion disturbances or supraventricular tachyarrhythmias, 

Such as atrial tachycardia with or without block, and junc- 

tional (nodal) tachycardia. Ventricular arrhythmias are less 

common. Sinus bradycardia may also be a sign of impend- 
ing digoxin intoxication, especially in infants, even in the 
absence of first degree heart block. Any arrhythmia or 
alteration in cardiac conduction that develops in a child 
taking digoxin should initially be assumed to be a conse- 
quence of digoxin intoxication. 
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Herbert Hein, Vacuumschmelze 


As specialists in magnetics we are also involved 
in the development of highly sophisticated 
diagnostic methods for cardiac diseases. 
Our contribution: design, construction and assembly 
of "walk-about " magnetically shielded rooms which 
provide the facilities for non-contact, magnetic 
measurements of patients’ bio-signals. Since electro- 
magnetic interference is excluded highly sensitive, 
accurate measurements of the heart lead to new 
medical results. This novel method is painless and 
avoids surgery at the diagnostic stage. 


VAC- pioneer in magnetically shielded rooms. 


VACUUMSCHMELZE GMBH 


West Germany 
Gruner Weg 37, D-6450 Hanau 1 : Phone:(06181) 362-1 - Tx.4 184 863 


Represented by: VACUUMSCHMELZE c/o Siemens Components, Inc. 
186 Wood Avenue South : Iselin N.J. 08830 Phone (201) 494-3530 Tx WU 844 491 
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Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 


With modern sustained-release Procan SR, short duration of effect 

no longer impedes the usefulness of procainamide for maintenance therapy. 

A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


E _ Procan SR... NA 
the original sustained-release oral procainamide 


Please see next page for brief summary of prescribing information. 



















































itive antinuclear antibody (ANA) test with or without symptoms of lupus erythema- 
SL »-like syndrome. If a positive ANA titer develops, the benefit/risk ratio related to 
. CO! tinued procainamide therapy should be assessed. This may necessitate consid- 

| " € ation of alternative antiarrhythmic therapy. 


CATIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 
aam contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 
chycardia. | 
NTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication. 
5 In this connection, cross- sensitivity to procaine and related drugs must be borne in mind. 
ee ainamide should not be administered to patients with complete atrioventricular 
art block. It is also contraindicated in cases of second degree and third degree A-V 
nodal block unless an electrical pacemaker is operative. 
Ed . has been suggested that procainamide be contraindicated in patients with myasthe- 
nia gravis. 
_ WARNINGS: Granulocytopenia may follow the use of procainamide, and deaths from Sep- 
ARN occurred. Leukocyte changes are most likely to occur during the first three 
ma 1 S of therapy. During this time routine blood counts should be done at least every two 
E KS, and thereafter at longer intervals throughout maintenance procainamide therapy. 
plaints of malaise and aches (a flu-type syndrome) are often reported in association 
With | 'e granulocyte depression. 
b. - Patients should be instructed to report such symptoms promptly, as well as any sore- 
ess of mouth, throat or gums, unexplained fever. or symptoms of an upper respiratory 
tract infection. If these should occur and a complete blood count indicates a granulocyte 
ession, procainamide therapy should be discontinued immediately and appropriate 
itment instituted. Recovery of leukocyte count usually occurs within a few weeks. 
The incidence of granulocytopenia appears to be higher with procainamide sustained- 
ase tablets than with standard tablets. 
AUTIONS: General— During administration of the drug. evidence of untoward 


3 al myocardium, procainamide may at times produce untoward responses In atrial 
fibi ibrillation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
A quate digitalization reduces. but does not abolish, this posue I myocardial damage 


nbi and produce an embolic episode. However, it has been suggested that, in a 
nt who is already discharging emboli, procainamide is more likely to stop than to 
avate the process. 


ring an occlusive coronary episode should be carried out with extreme caution. Caution 
j "E required in marked disturbances of atrioventricular conduction such as A-V block, 

ndle branch block, or severe digitalis intoxication, where the use of procainamide may 
n ult in additional depression of conduction and ventricular asystole or fibrillation. 

i . Because patients with severe organic heart disease and ventricular tachycardia may 
also have complete heart block, which is difficult to diagnose under these circumstances, 

$ complication should always be kept in mind when treating ventricular arrhythmias with 
cainamide. If the ventricular rate is significantly slowed by procainamide without attain- 

Yt of regular atrioventricular conduction, the drug should be stopped and the patient 
9O) luated since asystole may result under these circumstances. 

T inpatenis receiving normal dosage, but who have both liver and kidney disease, symp- 
- ton ns of overdosage (principally ventricular tachycardia and severe hypotension) may 
O ccur due to drug accumulation. 

2 : "Serious hypotension can result from peripheral vasodilation and from decreases in car- 
C diac output. At high plasma levels, procainamide may produce sinus tachycardia due to 
re $x sympathetic response to its hypotensive effect. Large doses may increase cardiac 
a lomaticity and can induce complete atrioventricular block, cardiac standstill, or ventric- 
-~ ular extrasystoles that may proceed to ventricular fibrillation. These effects on the myocar- 
"dium are reflected in the electrocardiogram: a widening of the QRS complex occurs most , 
sistently; less regularly, the P-R and Q-T intervals are prolonged. and the QRS and T 
wa ves Show some decrease in voltage. 
(An ntinuclear antibodies (ANA) are often found in patients receiving long-term pro- 
- cainamide therapy. The induction of ANA appears to be independent of dosage. Patients 
. With procainamide-induced increases in ANA titers may develop a syndrome resembling 
in lemic lupus erythematosus (SLE). The mechanism of this syndrome is uncertain. 
'olyarthralgia, arthritic symptoms, and pleuritic pain are common symptoms; to a lesser 
extei int fever. myalgia, skin lesions, pleural effusion, pericarditis, headache, fatigue, weak- 
S, nausea and abdominal pain may occur. Rare cases of thrombocytopenia, Coombs’ 
| itive hemolytic anemia, increased SGOT, SGPT, and serum amylase have been 
- reported which may be related to this SLE-like syndrome. 
du ‘had t a recommended that tests for systemic lupus erythematosus be carried out at regular 
| ant in patients receiving maintenance procainamide therapy The drug should be dis- 
eu tinued if there is arising ANA titer or clinical symptoms of SLE appear The SLE-like syn- 
rome may be reversible upon discontinuation of the drug. If discontinuation does not 
2 remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
rome develops in a patient with recurrent life-threatening arrhythmias not controllable 
her antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
tantly with procainamide. 
mation for Patient— Practitioners should give the following information and instruc- 
ns to patients receiving Procan SR. 
BM . Do not crush or chew these tablets. Swallow them whole. 
2 Take this medicine exactly as directed by your doctor Do not miss any doses and do 
nc Men more medicine than ordered. Do not stop taking this medicine without first check- 
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i fc lo WS. — » ye t M Tm dd v ra X A uo: & rx p e UN M. WE io ed 
* dito 1 | beri n PAE: 21:7. 0 f ES I CA AOST, 
onged administration of procainamide often leads to the devel pment of a | - 


any sore sof ther As ms ved | j^ | | 
or bruising, s mptoms | t resemble arthriti . ors Syr ptoms of an ər respiratory tract — S 
infection. "Y WI 

5. Do not be concerned if you Ese notice in ! your stool something that looks like 1 
atablet. In Procan SR (procainamide hydrochloride tablets), the drugis'held'inawaxcore — 
that has been specially designed to slowly release the drug for your body to absorb. When 
this process is completed the empty, nonabsorbable wax core, which looks nearly 
unchanged, is eliminated from your body. ky.) 

6. Keep container tightly closed and store in a cool. dry place. ak 
Laboratory Tests —Patients receiving procainamide for extended periods of time, orin — 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- ES 
body titers measured at regular intervals. 

Routine blood counts are advisable during maintenance procainamide therapy. See i 


WARNINGS for additional information. ^" 
Plasma concentrations of procainamide and NAPA should be monitored in patiente with n 
renal disease, hepatic disease, cardiac failure. or low cardiac output states. m 
Drug Interactions E 
1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects. è 


2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tion must be exercised with such a combination. 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases in i 
myasthenia gravis, and paralysis returns. A 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. ; 

5. Cimetidine: I! has been reported that the histamine H;-antagonist cimetidine reduces 
renal clearance of procainamide and NAPA, resulting in higher plasma concentrations for , 
longer durations, Caution should be exercised when administering these drugs concur- 
rently, especially in the elderly, who have a reduced ability to clear all three. Dosage modifi- at 
cation may be required. 

6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 
muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate, dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, producing 
respiratory depression. 

Pregnancy—Pregnancy Category C. Animal reproduction studies have not been con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal 
harm when administered to a pregnant woman or can affect reproduction capacity. Pro- 
cainamide should be given to a pregnant woman only if clearly needed. 

Nursing Mothers —!t is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when procainamide 
is administered to a nursing woman. ^ 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: 
1 Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5. Urticaria 6. Pruritus. d 
Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See “| 
PRECAUTIONS). P: 

2. Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. Fever 
d. Eosinophilia e. Hypergammaglobulinemia. 

Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 2. Con- £ 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression 6. Giddiness 
7. Lightheadedness 8. Weakness 9. Bitter taste. 

Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, vomiting, 

abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following a single dose of the drug. 

OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycardia, 


intraventricular conduction delay, oliguria, lethargy, confusion, nausea, and vomiting. a 
If ingestion is recent. gastric lavage or emesis may reduce absorption. Dopamine, s W 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. , f ^ 
Management of overdosage includes symptomatic treatment with ECG and blood pres- ci 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- UN. 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of 16 — 
molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide. | Re 


The urinary elimination of procainamide is proportional to the glomerular filtration rate AR ) 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-solubleasa . . 
free base, but the ionized form is not. Acid urine, therefore, leads to ion trapping of pro- ' 
cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 
clearance of procainamide can be considerably increased by maintaining a low urinary 
pH and high flow rates. 

If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- E 
ination of procainamide and NAPA is decreased, and hemodialysis may be required. "1 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. 


It has been reported that one patient who ingested approximately 7 grams of pro- È 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- "a 
semide. attempted volume expansion with albumin, and hemodialysis. Also reported is the M" 
case of an elderly patient who recovered after ingestion of approximately 19 grams of pro- ij 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epineph- Ta 
rine. The latter report suggested that insertion of a ventricular pacing electrode is a NI 


reasonable precautionary measure in case high grade A-V block develops. 


Storage Conditions—Protect from moisture. Store bottles below 30° C (86° F). Store j rt 
unit-dose packages at controlled room temperature, 15°-30° C (59°-86° F). — 0207G012 3 
Caution: Federal law prohibits dispensing without prescription. l 


PARKE-DAVIS 


Division of Warner-Lambert Company 
Morris Bains, ^A Mr 07950 





L 5 ( / y 
A, PU a BIN T 2 | | 
Mori P aim iu ts ets M ban Lue Ps - $ v. LM - 
p. pc. EN AE ey kU TS ur MIA d "oec hal Y ae $ "8 9 ^ A 
ENS DULACSON S OR EON VEO To str Ex Roe MN ida. xa 
4125 RA ECA OEY 8 OL PON taa LIFT, rare giy: 
T Iu we = "T ' € v ¢ ine c > j - 
IS SET NI at Oa SNe ENS ae 


E a. a re ey NETS SETS 





_PD-59-JA-1334-P-3(2-85) y fA l 


ror Sy A 
E PESA 
Tey É 





E 


MISCELLANEOUS TOPICS 








| 
| 
| 
| 
| 


| 
| 
| 


Effects of Caffeine on Vascular Resistance, Cardiac Output 
and Myocardial Contractility in Young Men 


GWENDOLYN A. PINCOMB, PhD, WILLIAM R. LOVALLO, PhD, RICHARD B. PASSEY, PhD, RU 
THOMAS L. WHITSETT, MD, STEVEN M. SILVERSTEIN, BS, 
and MICHAEL F. WILSON, MD 


The mechanisms by which caffeine typically ele- 
vates blood pressure (BP) In humans have not been 
previously examined using a placebo-controlled 


gn. Accordingly, oral caffelne (3.3 mg/kg body _ 


weight, equivalent to 2 to 3 cups of coffee) was 


D: on 2 days and a placebo was given on 1 day ` 


5 healthy young men using a double-blind, 
crossover procedure. All 3 test sesslons were held 
during a week of caffeine abstinence. Multiple 
measurements were made on subjects at rest 
(baseline vatues) and over a 45-minute Interval after 
ingestion of caffeine for BP, heart rate, systolic time 
intervals and thoracic impedance measures of 







' ventricular function. Basellne measurements were 


highly reliable for each subject across all sessions 
and yielded means for placebo vs caffeine days that 


C 
pressure (BP) and mild bradycardia.!i7C A common 
hypothesis attributes caffeine's pressor effect to mildly 
e ced cardiac output, secondary to increased cardiac 
conttactility and decreased peripheral resistance.9-10 
Because the few studies that measured cardiac output 
did not include a placebo control,!1-1? it has been dif- 
ficult, to confirm that caffeine exerted a positive ino- 
tropic effect or decreased peripheral vascular resistance 
in humans. 

Studies of systolic time intervals have shown that 
preejection period (PEP) and the ratio of PEP to left 
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ine has been shown to produce increased blood | 


were not different. Caffeine Increased systolic and 


. diastolic BP (p <0.01) and decreased heart rate (p 


<0.05). The pressor effect was due to progressively 
Increased systemic vascular resistance and resulted 
In greater stroke work (p «0.01). There was no in- 
dication that caffeine Increased cardiac output or 
contractility. These actions of caffeine were repil- 
cable when each caffeine day was tested separately 
against the placebo day. These results suggest that 
caffeine. use by persons with cardiovascular dis- 
eases should be examined to determine whether 
caffelne's enhancement of vascular resistance may 
contribute to systematic hypertension and/or create 
excessive demands for cardiac work. 


(Am J Cardiol 1985;56:119-122) 


ventricular ejection time (LVET) have not been al- 
tered!4 or were increased slightly after caffeine.? 
However, if caffeine had positive inotropic effects and 
peripheral resistance was unchanged or decreased, then 
PEP and PEP/LVET would have been expected to 
decrease. Although these studies lack placebo controls, 
they tend to argue against the increased contractility 
hypothesis. 

Àn alternative hypothesis is that caffeine produces 
a pressor effect by increasing peripheral resistance. This 
mechanism would subsequently increase cardiac af- 
terload and could account for increased PEP and 
PEP/LVET. More important, the finding of an in- 
creased peripheral resistance could alter our under- 
standing of the health consequences of caffeine use. The 
present study used a within-subject crossover design to 


." test these hypotheses in healthy young men who were- 


low to moderate caffeine users. 


Method 
The subjects were 15 healthy men, aged 20 to 35 years, re- 


.cruited among local faculty and medical or graduate students. 
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‘Reliability Coetficlents for Baseline impedance: . 
. Derived Measures of Cardiovascular Function 
5 Across 
pepene Beat-to-Beat Sessions 
' Variable (r Values) (r Values) 
> Stroke volume 0.92 0.96 
.. Cardiac output 0.99 . 0.92 
oe ^ Systemic vascular o 0.90 
'" '' resistance* > 
Systolic ejection 0.99 0.90 
js = . acceleration 
Stroke work* — 0.92 
Minute work" ` — 0.90 


.. «'* Beat-to-beat reliability values were not avallable for these variables, 
M because they also are based on blood proce measurements that' 


. ‘Were obtained over several cardiac cycles 


_. -— = not determined. 


Pa 


| "Their habitual CHE intake from all dietary sources was 35 
to 400 mg/day. None reported regular smoking, recreational 


‘or prescription drug use, caffeine intolerance or withdrawal 


"symptoms to caffeine abstinence. 


. Heartrate and BP were measured automatically by. a Cri- 
i tikon Dynamap monitor using an oscillometric principle. 


“. Cardiodynamic measurements were obtained by a Surcom 


'304B impedance cardiograph and companion 7000 micro- 


computer that received synchronized phono-, electro- and 


4. 'impedance-cardiographic signals. This technique!916 analyzed 
' ‘single cardiac cycles to measure systolic time intervals (PEP, 


. - EVET) and impedance-derived measures of stroke volume, 

" .-eardiac output and systolic ejection acceleration.* Systemic 

^". vascular resistance, stroke work and minute work were cal- 
e culated using standard formulas.! 


"Caffeine was isolated from plasma using icstontislle pre- 
cipitation of proteins and then quantified by high-pressure 


“liquid chromotography.!? Unknown sample values were de- 


rived by comparison with standard curves. - 
"Procedure: Subjects were tested after a 12-hour fast from 


:' food and fluids on 3 mornings during a week of caffeine ab- 


stinence that began 30 hours before the first test session. Each . 
- subject’s test sessions began at the same time of day with at 


". „least 48 hours between sessions. 


es the experimenter premixed 1 placebo and 2 caffeinated bev- 
' ,erages for each subject. 


< - 
- 


..' Caffeine sodium benzoate (3.3 mg/kg as caffeine; equivalent 
"to 2 to 3 cups of coffee) or sodium benzoate (placebo) was- 
; '-added to 6 ounces of unsweetened grapefruit juice. One bev-. 


erage was ingested each session. Drug administration followed 
a randomized crossover schedule in which someone other than 


For testing, subjects were instrumented as follows: (1) A 
Teflon? catheter was inserted in a left forearm vein so that 
blood could be drawn with minimal disruption. (2) Electro- 


. cardiographic leads were placed on each shoulder and on the 


` lower left abdomen. (3) Aluminum strip: électrodes for im- 


ur pedance signals were taped on the forehead, neck, chest and 
^. lower left abdomen. (4) A phonocardiographic microphone, 


' held in place by an elastic strap, was placed 2 to 3 cm above 


^. the left nipple and just left of midline. (5)-A BP cuff was 


- 


«0X 107^/In Dm 


* Systolic ejection acceleration refers to a measurement that was 


previously called the Heather index of contractility.19.?7 The Index 
‘measures relative changss in ejection acceleration (In arbitrary-units) 

and is influenced not only by changes in myocardial contractility, but 
also by changes in afterload. 


t Systemic vascular resistance = (mean BP/cardlac output) X 80 


“e. in dynes/cm?; stroke work = (mean BP X stroke volume) (2.33 X 1074) 


In J/beat d M De re re eee 33 


u 


placed on de upper left arm dad sini looséy enougli to ; 
>. be comfortable throughout the session. , ." ? 
Subjects maintained a relaxed, Bui ambe positión for 


an initial 20-minute stabilization period, a 5- to 7-minute ` 


baseline measurement before drinking and a 45-minute period’ 
after drinking. Baseline measurements before drinking in- 


cluded 3 sequential BP and heart rate recordings, measure- - 
: ments of 15 to 20 cardiac cycles for the other cardiographic 


variables, and a blood sample for residual caffeine. Recordings : 


after drinking began 10 minutes after the subject quickly in- 
gested a placebo or caffeinated drink and were repeated 4 
times at 10-minute intervals. During each of these intervals, 


3 sequential BP and heart rate recordings and 15 to 20 cardiac . 
cycles for cardiographic measurements were sampled. Im- : 
mediately after the final set of cardiovascular recordings, ` 


blood was drawn for a caffeine measurement after drinking. 

Drug effects were tested using repeated measures analyses 
of variance in which the independent variables were the:av- 
érages of the multiple readings taken at baseline and at 10, 20, 
30 and 40 minutes after drinking. Reproducibility of baseline 
impedance measures was tested by reliability coefficients 


derived from a comparison of within- VB POVERI UE l 


variability.!? 
Results . 


Residual plasma caffeine levels were minimal at 
baseline (0.05 + 0.02 ug/ml, mean + standard error of 
the mean) and after administration of placebo (0.02 + 
0.02 ug/ml). Plasma caffeine concentrations after 
drinking were 4.1 + 0.4 and 4.2 + 0.3 ug/ml on caffeine 
days 1 and 2, respectively. The assay reproducibility, 
expressed as the coefficient of variation, was less than 
1% at 0.5 ug/ml. 

Baseline impedance-derived measurements were 
highly reproducible. Reliability coefficients are shown 
for beat-to-beat and between-session comparisons 
(Table I).* 

‘Effects of caffeine: The effects of deine ex- 
pressed as the percent differences between placebo and 
the combined average of both caffeine trials, are shown 


. in Table II. The predominant response was a progres- | 


sively increased systemic vascular resistance (drug X 
time interaction, p. «0.04, Fig. 1), which resulted in a 
highly significant overall drug effect (p «0.002).! BP, 
stroke work and LVET were also signficantly increased, 


while heart rate and systolic ejection acceleration de- ` 


creased. No significant changes were seen in stroke 
volume, cardiac output, PEP and minute work. 


The reproducibility of caffeine vs placebo differences 


was examined at the time of maximal drug response. 


Each of the 2 caffeine administrations was tested sep- ` 


arately against placebo for a significance value of p. 


«0.05. The effects on systemic vascular resistance, BP . 


and systolic ejection acceleration were replicated on 


* The high reproducibility of impedance-derived measurements in- 
dicated that this technique was sultable for a study that focused on 
relative changes within subjects to an experimental treatment, rather 
than on the determination of absolute values. Rapid, sequential sampling 


permitted by this technique proved useful In detecting the progression l 


of drug effects. ; 
t For systemic vascular resistance only, a repeated measures 


analysis of covariance, with baseline values as the covariates, was used 
to test drug effects. This was performed to neutralize the slight trend 


on panelne died x able II). 


(p <0.14) toward lower Re eet d resistance values at baseline .. 


- 
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TABLE !| Mean (+ Standard Error) for Caffeine Effects, Expressed as Percent Differences from Placebo at 0 to 40 Minutes 


Afier Drinking and for Predrug Baseline Values 





Raw Baseline Values 


% Difference from Placebo 





jection time (ms) 
* p «0.01; t p «0.001; t p «0.05. 


. Dependent 
^. Varlable Placebo Caffeine 0m 10 min 20 min 30 min 40 min 
Systollc (mm Hg) 117 (2.6) 117 (1.9) 0.3 (1.4) 0.8 (1.4) 2.7 (1.3) 5.4 (1.4)* 5.1(1.4)* 
Diastolic (mm Hg) 66 (1.6) 66 (1.1) -—0.7 (1.8) 1.8 (1.7) 7.1 (1.5)" 6.6 (1.5)* 8.4 (1.5)! 
Heart rate (beats/min) 02 (2.2) 62 (1.5) 1.7 (1.9) — 1.9 (1.7) — 3.9 (1.6) 4.2 (2.0X —4.3 (1.5) 
Stroke volume (ml/beat) 108 (7.5) 111 (5.8) 3.0 (2.7) 3.4 (2.4) 3.7 (2.8) 3.9 (2.5) 5.1 (3.4) 
Cardlac output (Iiters/min) 6.5 (0.4) 6.7 (3.2) 4.6 (3.7) 0.3 (2.8) 0.0 (2.9) 0.6 (3.3) 0.7 (3.6) 
System vascular 1,090 (74) 1,030 (43) 0.0 (2.6) 4.4 (2.7)* 8.8 (3.0)* 10.1 (3.2)! 11.9 (3.3)* 
iresistance (dynes/cm5ya 
l Sys olic ejection 13.9 (0.8) 13.8 (0.7) 0.0 —8.1 (2.7)* —7.8 (2.7X —6.0 (2.6) —5.9 (2.8) 
acceleration (ohms/ms?) 
Stroke work (J/beat) 1.2 (0.1) 1.2 (0.1) 1.8 (3. 3.4 (3.1) 8.5 (2.9) 9.0 (2.6)* 12.3 (3.6)* 
Minute work (J/min) 73 10:4 73 (3.2) 3.4 (4.9) 0.3 (4.9) 5.0 (3.3) 5.5 (3.5) 7.6 (3.8) 
Prejection 73 (0.4 73 (0.2) 0,0 (6. 2.3 (6.0) 4.2 (6.0) 7.0 (5.6) 6.2 (4.8) 
period (ms) 
Vehtricular 325 (5.0) 327 (4.0) 0.0 2.2 (1.3}* 2.1 (1.4 1.2 (1.7) 2.1 (1.2)* 


2 Standard error of the mean analysis of this variable and the percent difference from placebo scores were corrected for Influence on initial 


baseline values. See footnote! (right column) on page 120. 


| 
both caffeine days. For heart rate, stroke work and 
LVET, the 2 caffeine day results revealed similar di- 
rectional differences, but 1 of these was not significantly 
different than placebo. 

| Discussion 

Studies described earlier have raised questions re- 
garding the physiologic mechanisms by which caffeine 
produces a pressor effect. The present study supports 
the hypothesis that caffeine increased BP by increasing 
systemic vascular resistance. 

Further confidence in this hypothesis was gained by 
noting: (1) Caffeine increased ventricular ejection time 
andi stroke work, while decreasing systolic ejection ac- 
celeration. These changes indicated an increased af- 
terload, which is consistent with an enhancement of 
vascular resistance. (2) The predominant features of the 
cardiovascular response to caffeine were replicated for 
each caffeine administration. 

Our finding of increased vascular resistance is con- 
sistent with a recent report that caffeine decreased ce- 
rebral blood flow.?? Future studies are needed to 
determine which vascular beds contribute to the over- 


all enhancement of systemic vascular resistance. 
found here, and to elucidate the underlying cellular 
mechanisms. 

There was no evidence of enhanced cardiac contrac- 
tility. Rather, cardiac output and stroke volume were 
unchanged. These appeared to be maintained passively 
by an increase in diastolic filling time, which would 
accompany a lowered heart rate. The latter may have 
been a vagally mediated response to elevated BP. 

Finally, the observation that caffeine increased vas- 
cular resistance and stroke work may have implications 
for its health consequences. The enhancement of vas- 
cular resistance produced by caffeine in normally 
healthy young men did not result in values that ex- 
ceeded the normal range of 700 to 1,600 dynes/cm?. ?! 
However, the consequences of regular caffeine use by 
patients with systemic hypertension or other cardio- 
vascular diseases need to be thoroughly examined in 
light of caffeine’s vascular effects. 


Acknowledgment: We gratefully acknowledge suggestions 
made by Oscar A. Parsons, PhD, in the formulation of this 
work, and the secretarial assistance of Carolyn Thorsen and 
Dorothy Phillips. 
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FIGURE 1. Systemic vascular resistance adjusted for 
baseline. Left, raw values for caffeine vs placebo at baseline. 
Right, caffeine values expressed as mean percent differ- 
ences from placebo at 0 to 40 minutes after (POST) drinking. 
Vertical lines represent standard errors. * p «0.05; ** p 
«0.01; *** p «0.001. 
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~The value of 2-dimensional echocardiography (2-D 


echo) in patients with suspected ascending aortic 


- dissection was assessed. During a 5.5-year period, 
u = consecutive patlents underwent bedside 2-D . 

o for unexplalned chest palin possibly due to 
| Bs ending aortic dissection. Patients with obvious 


aortic. dissectlon who proceeded directly to aor- 
tography were excluded and In all 56 study cases, 
2-D echo was the Initial diagnostic test. Using 


standard criteria, 2-D echo correctly Identified all . 
13 patients with ascending aortic dissection. There 


were 5 false-positive study results and 38 true- 


| Spdcitic results, ylelding a sensitivity of 100%, 


specificity of 8896 and overall diagnostic accuracy 
of $1 1 %. In the group of 13 patients with confirmed 


ascending aortic dissection, 2-D echo identifled 4 


with pericardial fluid, and 3 of these patients (7596). 


within 24 hours. In comparison, 7 patients In the. 





Acute aortic dissection is a medical emergency fre- © 


que 1tfy considered in the differential diagnosis of chest 
Since survival depends on prompt treatment, early 


ition of this condition vs acute myocardial in- | 


farction or other causes of chest pain is critically im- 


t.12 Although aortography and’ contrast-enhanced . - 


computerized tomography (CT) of the chest appear to 


"be ghly accurate in diagnosing aortic dissection, 29. 
. both require time-consuming movement of the patient. 


and mobilization of considerable staff and equipment. 


Unlike aortography and CT scanning, 2-dimensional ` 


echoéardiography (2-D echo) cán be performed rapidly 
at the bedside in the emergency ward or coronary care 


unit. Since 70% of intimal tears arise in the proximal . 
' ascending aorta,!° 2-D echo appears well suited for - 
diagnosing the more lethal dissections, namely DeBakey . 
type [ and IL? Moreover, through its ability to assess . 
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. Utility of Two-Dimensional Echocardiography 
.. in Suspected Ascending Aortic Dissection 


JEROME E. GRANATO, MD, PAUL DEE, MD, and ROBERT S. GIBSON, MD 


group of 43 without confirmed dissection had perl- 
cardial fluid by 2-D echo and only 1 died (p <0.001). 
Finally, in the group of 38 patlents with true-negative 
results, 2-D echo provided useful information In 16 | 
(42%) that assisted or was essential In establishing 
an alternative diagnosis. However, 5 patients In this 
group had type lll dissection and in none was It 


.' Identified by 2-D echo. Thus, our data Indicate that 


2-D echo represents a rellable noninvasive method 
for rapidly diagnosing ascending aortic dissection 
at the bedside; offers Important prognostic Infor- 
mation which is directly related to the presence of 
pericardial fluid, and provides useful additional In- | 
formation which ‘assists or establishes an alternative 
diagnosis when ascending aortic dissection Is ab- 
sent. Its role in diagnosing distal aortic dissection Is 


(Am J Cardiol 1985;56:123-129) 


regional ohi function, valvular structure and the - 


pericardial space, this technique may also provide 
at SE information for resolving the differential di- 
agnosis of chest pain.11-1? Accordingly, the purposes of | 
this study were: (1) to determine the sensitivity, speci- ` 


| ficity, and predictive accuracy of 2-D echo for diag- 


nosing.ascending aortic dissection; (2) to evaluate the 
prognostic significance of pericardial fluid in the pres- 
ence of dissection; and (3) to illustrate the value of an- . 


 cillary information provided by a negative 2-D echo 


study i in patients with otherwise unexplained chest 
pain. 


. Methods 
Patients: Between September 1978 and February 1984, 


i 12,366 2-D echocardiograms were performed on adult patients 
` at the University of Virginia Hospital. Fifty-six of these 


studies (0.5%) were requested to determine whether ascending 


| . “aortic dissection was present in patients with unexplained 
'chest pain, syncope or congestive heart failure. During this 
. : period 24 other patients were believed to have obvious findings 


of aortic dissection and proceeded directly to aortography 


. without echocardiograms; in 20 (83%), dissection was con- ` 


firmed. Thus, the study cohort represents a consecutive group 
of patients for whom at presentation there was some doubt 


|. _as to the presence o or absence of dissection. 
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2124 TWO-DIMENSIONAL ECHO FOR: ASCENDING AORTIC DISSECTION: 


1 4% 3 


A cliocai dioe rapis technique and criteria V for diag- P 


nosis: All studies were performed in the emergency ward or 


. coronary care unit using a 3.0- MHz mechanical sector scanner 


5 


* (Advanced Technology Laboratories-Mark III, 600 or ADR. 
5. 4000). The ultrasonic examination included apical, parasternal 
. and subcostal views.14 When further interrogation was re- 
.-"quired to visualize the proximal aorta, suprasternal imaging ... : 
" ,was performed. Right parasternal and subcostal views of the 
abdominal aorta were not routinely obtained. _ 


' The diagnosis of aortic root dissection was made by 2-D 


ide if any 2 of the following criteria were met: aortic root. 


dimension of at least 42 mm!5; detection of an intraluminal 
structure within the proximal aorta consistent with an intimal 


UM flap and which appeared to define a false channel!$; and the 
- presence of high-frequency oscillations of the intimal 


| flap.17.18 


.; Data analysis: No study was excluded from analysis and 
all 56 echocardiograms were reviewed by 2 echocardiographers: 
‘who had knowledge of only the presenting: complaint and 

physical examination. After recording the presence or absence _ 

-of.our 3 diagnostic 2-D echocardiographic. criteria, and con- 
sidering the available clinical data, patients were then sepa- : 


rated into 3 groups: group ]— definite evidence for dissection 


(n = 13); group II—2-D echocardiographic findings suggestive _ 
_of aortic dissection (n = 5); and group III-—no evidence for. 


. dissection by 2-D echo (n = 38). Discrepancies were resolved 


. 2i consensus with a third i ees For purposes ` 





 Fisher's exact test or ra yay analysis of variance, 


*- TESE ————————————————— 


fe ps 


. of analysis, groups I and II were combined as positive; 2- D. 
' echocardiographic study reaults for dissection and group. Ir 


studies were designated negative. The echocardiographic di- 


agnosis was then compared to anatomic diagnoses based'on; — 
the findings of aortography (n = 18), contrast-enhanced CT -> 


(n = 7) or postmortem examination (n = 2). In 29 patients, | 


‘aortic dissection, was excluded by sapiaihing a benign clinical l 
course during follow-up.. | 


- Statistics: All values are reported as mean + standard 
deviation. Statistical comparisons were done with either the 


. 
Results - ZZ 
Figures 1 and 2 depict 2-D echocardiograms from 2 


patients with ascending aortic dissection. Both show 


aortic root enlargement and an intimal flap defining a - 


false channel. During real- -time imaging, high-frequency. - 


oscillation of the intimal flaps were seen. 
Clinical characteristics: Table I is a list of pertinent; 


- clinical findings in our 56 patients. The 3 groups were , 


similar with regard toage, gender and presenting com- 
plaint. However, patients in group I had a higher prev- _ 
alence of aortic regurgitation, pulse or neurologic deficit, ` 
presence of the Marfan agen and widened medi-. 

astinum. i a es 


—. FIGURE 1. Bin sarei man with chest and arm 
pain. A, B and C, parasternal long-axis views. Aortic root 
dilation (diameter 56 mm) and anterior and posterior in- 
timal flaps demarcating a false lumen are shown. D, 

. parasternal short-axis view confirming the presence of 
aortic root dissection, xni: true PS and false lumen 
(FL). | 


FIGURE 2. Thirty-elght-year-old woman with chest pain 

and electrocardlographic evidence of extensive anterior : 
and Inferior infarction. The parasternal short-axis view 
shows aortic root dilation (diameter 44 mm) and a dis- 
section (arrow) Involving the orlgin of the left main cor- 


type | dissection Involving right and left coronary artery 
ostla. P 
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onary artery (LMCA). Postmortem examination confirmed’ ` 
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Pertinent Clinical Characterlstics In 56 Patients ` 


TABLE I 
with Suspected Ascending Aortic Dissection _ 


| es 
P Patient Group by 2-DEcho: — 
.  Qroupl Group if  Groupill 


(n = 13) (n = 5) (n = 38). . 

Ade (yr) 59L4' 7242 860-83 
Mn 60996 . 6099; . 6196 
f complaint l 
In 69% 60% , 8496 
1596 2096 396 
gestive heart failure 1596 0% 13% 
0% 20% 0% 
Aortic regurgitation 54% * 20% 1396 
Pulse loss/neurologic event 3896 * 096 1196 

an 3896 * 096 3 

onec medlastinum 9296 * 60% * 24% 


+p «0.05 compared with group Ill (patients without evidence of 
di by 2-D echo). 
-D echo = 2-dimenslonal echocardiography. 


jagnostic accuracy of echocardiography (Fig. 


tion confirmed by either aortography (n= 10), CT scan 


(n|= 1) or autopsy (n = 2). Each of these 13 patients had 
intimal flap visualized by 2-D echo, 12 (92%) had 
aortic root enlargement (diameter 242 mm) and 10 


(77%) had high frequency flap oscillations. Of the re- 


X All patients in group I had ascending aortic dissec- ` 


maining 43 patients, ascending aortic dissection was ' 


excluded by aortography (n = 8), CT scan (n = 6) or by 
establishing a benign clinical course during follow-up 


(n = 29). Five of these patients (group II) were believed - 


to have 2-D echocardiographic evidence of dissection 
and their study results represented false-positive re- 
p nses. The remaining 38 patients (group IH) were 
ui rie classified as having negative results for as- 
ae aortic dissection. The sensitivity of 2-D echo 
was 100%, specificity was 88%, overall predictive accu- 


racy was 91% and positive and negative predictive val- . 


ues were 72% and 100%, respectively. | 
Tablo H is a profile of the 5 patients with false- -posi- 


tive echocardiographic results. In all 5, a presumed in- . 


flap was seen on 2-D echo. However, in retrospect, 
this misinterpretation could be attributed to either a 
ingdown or reverberation artifact from a pacing elec- 
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FIGURE 3. Diagnostic accuracy of 2-dimensional echocardiography 


In 56 patients with suspected aortic root dissection. 


trode or Swan-Ganz catheter (n = 2) or a heavily calci- 


fied aortic wall (n = 2). In 1 patient, a cause for the ap- 


parent intimal flap was not identified. Of note, none of 
these b patients had high- frequency flap oscillations 


. during real-time imaging. 


Figure 4 shows the aortic root dimensions in our 3 
groups. Patients in group I had a mean root diameter 
of 56 + 16 mm, which was significantly larger.than that 
in group III (85 + 6 mm, p <0.0001). Dilated aortic roots 
were seen in 3 of the 5 patients in group II, but these on 
the average, were smaller than the true-positive cases 
in group 1 (45 + 10 vs 56 + 16 mm, p = 0.17). 

Prognostic significance of pericardial fluid: The 
mortality rate for patients with ascending aortic dis- 
section who also had pericardial fluid on 2-D echo 
(group IB) was higher than that in other patients (Table 
IIT). Three of the 4 patients (75%) died within 24 hours 
of presentation, 2 before surgery and 1 patient during 
surgery. Figure 5 is a 2-D echocardiogram from one of 
these patients. In the 43 patients without evidence of 
dissection (groups II and III), 7 (16%) had pericardial 
fluid. Six had a benign hospital course, and only 1 (14%) 
died. This death was a late event attributed to postop- 
erative gram-negative sepsis. 

. Value of a negative two-dimensional echocar- 
diographic response for ascending aortic dissec- 
tion: In.16 of the 38 patients (42%) in group III, 


4 


. TABLE! Pertinent Findings In Five Patlents with False-Positive Two-Dimensional 


Echocardiographic Studies 
2-D Echo Findings 
Chest Aortic Root Presumed ` Flap , 
Pt X-Ray (mm). Flap Oscillations Outcome Artifact 
3 Wide 30 ck 0: Negatlve ` 1 
mediastinum 2 aortogram 
9 60 T 0 Negative 1 
mediastinum l aortogram 
14 52 + 0 Negative 1 
mediastinum jo 3 aortogram 
29 Pleural 40. + 0 Negative None 
effusion CT.scan identified 
i 41 Normal 42 + 0 Benign 2 
clinical 
course là 


PE Ar = pacing electrode or Swan-Ganz catheter in right ventricular outflow tract; 2 — calcifled aortic wall; 


t i = computerized tomographic; 2-D echo = : 2-dimensional echocardiographic. 
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' 126. TWO-DIMENSIONAL ECHO FOR ASCENDING AORTIC DISSECTION 


Mortality In 56 Patients with Suspected 


Ascending Aortic Dissection According to Two- 
Dimensional Echocardlographic Classification 
Pts with 
Evidence of 
Pt Group by 2-D Echo Tamponadet Deaths 
| IA (n = 9) 0 2 (22%) 
B je = 4) 2 (5096) 3 (7596)* 
IIA (n = 5) 0 0 (096) 
B (n = 0) 0 0 (096) 
HIA (n = 31) .0 4 (1396) 
B (n = 7) 1 (1796) 1(1796) 


zn «0.05 compared with groups Il and III (n = 43) and group IA 


' (n—89 


f Clinical evidence at time of 2-dimensional echocardiographic study 


" (ail 3 patients presented with syncope). 


* All had hemopericardium confirmed at surgery or autopsy. 
. A = no pericardial effusion; B = effuslon present. 


echocardiography provided valuable additional infor- 
mation that assisted in establishing an alternative cause 


. for the presenting complaint (Table IV). 


In the 32 presenting with pain, segmental left ven- 


tricular wall motion abnormalities were found in 16. In 


, 
- 
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the 32 patients with chest pain, 15 were diagnosed as 


-having acute myocardial infarction (n = 9) or unstable 
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FIGURE 4. Aortic root dimensions In 56 patients derived from the 2- 
dimensional echocardiographic beam-directed M-mode echocardio- 


` gram. Group | = true positives; group Il = false ones and group 


M= = true nagatives 
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angina né 6.1 Within this group of 15 patients, new left _ 
ventricular wall motion abnormalities were observed in  . 


10 (67%) on the basis of no history or electrocardio- 
graphic evidence of prior infarction. By comparison, in 
only 3 of the remaining 17 patients (18%) whose pain 
was attributed to a nonischemic cause were wall motion 
disorders seen, and all had prior infarction. Within this 
group, 5 patients had type IH aortic dissection. In each 
case, the dissection was the cause of pain but the diag- 
nosis was not apparent by 2-D echo. 

Two-dimensional echo detected valvular abnor- 
malities in 8 patients. There were 2 new cases of mitral 
valve prolapse, 1 case each of calcific aortic stenosis and 
rheumatic mitral stenosis, 2 cases with valvular vege- 
tations who subsequently were discovered to have blood 
culture proven endocarditis, and 2 cases of flutter of the 
anterior leaflet of the mitral valve suggestive of aortic 
regurgitation. In several of these patients, the valvular 
abnormalities were related to the presenting complaint. 
For example, a patient with mitral stenosis presented 
with chest pain and a neurologic deficit. She was shown 
to have an acute myocardial infarction and vascular 
occlusion from systemic and coronary embolization 
from a left atrial thrombus. Both patients with endo- 
carditis who presented with heart failure showed val- 
vular vegetations on 2-D echo before blood culture 
confirmation. Finally, in 2 patients, 2-D echo revealed 
large pericardial effusions. One of these presented with 
heart failure and was found to have effusive-constrictive 
pericardial disease and the other presented with syn- 
cope which was attributed to pericardial tamponade 
from metastatic histiocytic lymphoma. 

Thus, 2-D echo was useful in all 38 patients in that it 
revealed no evidence of ascending aortic dissection. 
Moreover, it assisted in establishing an alternative di- 
agnosis in 11 of 32 patients (84%) who presented with 
pain, in 4 of 5 (80%) with new-onset heart failure and in 
the patient undergoing evaluation for syncope. 


Discussion 


In 1972, Millward et al!? first described using M- 
mode echocardiography to diagnose ascending aortic 
dissection. Subsequent reports confirmed this initial 
description, but also pointed out the nonspecificity of 
the proposed M-mode criteria.!*-*4 Based on our data 
and those of others,!®75-29 2-D echo clearly comple- 
ments the M-mode technique in that it permits: visu- 
alization of internal cardiac anatomy during real time 
in multiple tomographic views. 

Diagnostic value of two-dimensional echocar- 
diography: Although the 2-D echocardiographic ap- 
pearance of ascending aortic dissection has been well 
described,1625 only a few studies have addressed its 
overall diagnostic value. In 1981, Victor et al?6 reported 
their results in a selected series of 42 patients, all of 
whom has aortic root pathology, including 15 with 
confirmed dissections. 'l'heir results indicate that 2-D 
echo has a sensitivity, specificity, and overall and pos- 
itive predictive value of 92%, 96%, 90% and 92%, re- 
spectively. More recently, McLeod et al?’ described his 
experience with M-mode and 2-D echo in 51 patients, 
including 21 (41%) with confirmed ascending aortic : 
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TABLE IV ‘Findings in 38 Patients’ Without Fo- Dimensional Echocardlographic 
. Evidence of Ascending Aortic Dissection 





Presenting Discharge c MED EN i 
Complalnt l Diagnosis : 2-D Echo Findings 
Pain {n = 32} MES ' Acute myocardial Infarction , *8 new wall motion abnormalities 
(079) > - 1 pericardial effusion 
. v 71 mitral stenosis 
Angina pectoris (n = 6) *2 new wall motion abnormalities 
Type ili aortic dissection ^" . 2 pericardial effusion 
(n = 5) 1 aortic sclerosis (bicuspid valve) 
- , : 1 mitral valve prolapse 
e 0 aortic dissections 
l Noncardiac chest pain ,  *i ascending (syphilitic) 
(n = 11) aortic aneurysm without 
. ; dissection 
i tive heart fallure Endocarditis (n = 2) *2 with valvular vegetations 
n = 5) 


Aortic regurgitation (n = 2) ... *1 aortic stenosis 
2 diastolic mitral flutter 


Cardiomyopathy (n= 1) — |  *1dliated, globally hypocontractile 
p LV 
- *4 pericardial effusion 
Syncope (n = 1) Tamponade (n = 1) * 1 pericardial effusion with 
i D RA inversion, RV diastolic 
collapse 


* Patients in whom 2-D echo was helpful in establishing diagnosis. 
LV = left ventricle; RA = right atrial; RV = right ventricular, 2-D Echo = 2-dimensional echocardio- 


graphic. 
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FIGURE 5. Sixty-five-year-old woman with chest pain, 
eni hypertension and atrial fibrillation who died before 
ery. A, parasternal long-axis view demonstrating 
sailed root dilation (diameter 49 mm) and posterior peri-- 
lal effusion (PE). B, superior angulation of transducer 
veals intimal flap within aortic root. C, parasternal 
-axis view showing intimal flap separating true and 
lumen. D, Caudal angulation reveals short-axis view 
ugh left ventricle showing a posterior pericardial 
lon (PE). E, apical 2-chamber vlew again showing 
erlor pericardial effusion. F, subcostal view of de- 

Ing aorta showing an Intimal flap. 
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X e A Eighteen of these 21 patients (86%) met his 
diagnostic criteria, which consisted of at least 42 mm of | 


aortic root enlargement along with irregularity or 
reduplication of wall echoes (n = 19). Of interest, in only 


. 8 patients (14%) was an oscillating intimal flap visual- 


ized. The explanation for this is unclear, but perhaps 


is related to the fact that in many patients, 2-D echo was 
not used and the examination was limited to M-mode 
echocardiography. Despite this study feature, the 
- specificity and overall predictive accuracy were 93% and 


90%, respectively. 
Our study population appears different from those 


. previously reported in that the present cohort reflects 


a series of patients presenting for evaluation of possible 


ascending aortic dissection with unexplained chest pain, 
... syncope or new-onset heart failure and excludes those 


with obvious aortic dissection who proceeded directly 


to aortography or CT scanning. In all of our cases, 2-D 


echo was performed at the bedside and represented the 


. first diagnostic procedure undertaken. In light of our 
' selection criteria, we anticipated that the value of 2-D 


echo for detecting or excluding ascending aortic dis- 
section may be different, because the pretest probability 


of aortic root disease was lower in our population. 
: However, in our experience with 56 consecutive pa- 
tients, we identified all 13 cases of confirmed ascending 
. aortic dissection (10096 sensitivity) and correctly rec- 


ognized 38 of 43 cases without root dissection. There 
were 5 false-positive 2-D echocardiographic study re- 


- sults, resulting in a somewhat lower specificity (88%) 


- -and positive predictive value (72%) than previously 


. reported (approximately 90%).28:27 Although in retro- 
‘spect, 4 of the 5 false-positive 2-D echocardiographic 


study results were explained (Table IT), the patients did 


require additional evaluation to exclude dissection be- 
-cause an alternative cause for the presenting complaint 


was not apparent by 2-D echo alone. Nevertheless, our 
data do suggest that 2-D echo has an important role in 


patients with suspected ascending aortic dissection, 


even though a positive study did not always establish 


" a certain diagnosis because the error rate in falsely 


classifying such patients was 28%, vs 8 to 10% in previ- 


. ous studies. This is because a negative 2-D echo appears 


to provide a strong basis for arguing against the diag- 


nosis (i.e. our negative predictive value was 100%). Fi- 


nally, 2-D echo has a limited role in diagnosing dissec- 


' tions confined to the descending aorta, because our 


experience and that of others?927 indicates a rather low 
detection rate. This is particularly true when a sys- 


. tematic method for visualizing the descending aorta is 
not used.?979 


'Our data show that visualization of an intimal flap 
and aortic root enlargement of at least 42 mm are the 


most sensitive 2-D echocardiographic signs of dissec- 
tion; they were seen in 10096 and 9396 of our patients 
. With a confirmed diagnosis. Accordingly, the identifi- 


cation of these 2 signs should raise the suspicion of 


“aortic root dissection. However, our data also show that 
the presence of high-frequency oscillations of the inti- 


mal flap may be of greater importance. Because 77% of 
our dissections had this sign, yet none of the false-pos- 
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itive study results showed it, this sign appears to be 


highly specific. Recently, pulsed Doppler echo has been . 


used as an adjunct to standard 2-D echo.2° Demon- 
stration of differential flow velocities on both sides of 
a presumed intimal flap may give presumptive evidence 
of dissection and improve further the accuracy of 2-D 
echo. 

Significance of pericardial fluid in patients with 
dissection: This study reports, for the first time, the 
prognostic significance of pericardial fluid in patients 
with ascending aortic dissection diagnosed by 2-D echo. . 
Our data show that the mortality in these patients 1s 
significantly higher compared with that in those without 
dissection, and also those with dissection but no peri- 
cardial fluid. Although this finding is not surprising, 
since hemopericardium is the most frequent cause 
of death in patients with dissection, 1? it does empha- 
size the danger and poor prognosis of this relation 
and the need for rapid diagnosis and treatment at 
presentation. 

The importance of this relation and the fact that it © 
can be promptly established by 2-D echo is further 
emphasized in a recent report by Jamieson et al.! In this 
study, which includes 89 patients with acute aortic 
dissection, in 43 it was undiagnosed at presentation. The 


. mortality in this group was 100%, with 36 of the 43 pa- 


tients (84%) dying within 48 hours of presentation; 28 
deaths were attributed to hemopericardium. An even 
more compelling result was the finding that undiag- 
nosed acute aortic root dissection carries a risk of sud- 
den death approaching 3% per hour for the first 24 hours 
after presentation. 

Ancillary information provided by a negative 
two-dimensional echocardiographic result: This 
study not only confirms the utility of 2-D echo in diag- 
nosing ascending aortic dissection, but also addressed 
the value of information provided by a negative 2-D 
echocardiographic study. Specifically, 2-D echocar- . 
diographic observations facilitated an alternative di- 
agnosis in 16 of the 38 patients (42%) in this group. It 
was particularly useful in identifying patients whose 
pain was a result of acute myocardial ischemia, corro- 
borating previous work.!i-!? Our study also emphasizes 
the need to search for alternative diagnosis because in 
the remaining 22 patients for whom an adequate ex- 
planation of symptoms could not be found by 2-D echo, 
b (2396) had type III aortic dissections. 

Clinical implications: Two-dimensional echo is a 
noninvasive means of establishing the diagnosis of as- 
cending aortic dissection with a high degree of sensi- 
tivity and acceptable specificity. Its portability and 
safety render it suitable for rapidly evaluating patients 
in critical care environments who may be hemody- 
namically unstable. Because it provides comprehensive 
information about the heart, associated structures and 
great vessels, it can provide important prognostic data 
that may result in the institution of therapy without 
delay. Furthermore, its value extends beyond the 
diagnosis of aortic dissection since, in our experi- 
ence, it can also be used to establish an alternative 
diagnosis. 
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. 1. In this study, all subjects exercised until they achieved: 


a) 7596 maxlmal predicted heart rate 
b) 80% maximal predicted heart rate  . 
c) 8596 maximal predicted heart rate 


2. .Of 3 patlents interpreted as having abnormal-flxed plus 


- transient defects after acute myocardial Infarctlon, those 


. ^" who experienced angina pectoris from treadmill testing 


numbered: 
a) 5 
b) 17 
c) 18 


- 8..A normal ejection fraction (EF) response was defined as 


an increase In EF of at least: 

a) 0.01 units from baseline value to peak exercise 
"' b) 0.05 units from baseline value to peak exercise 

c) 0.10 units from baseline value to peak exercise 
. : d) 0.15 units from baseline value to peak exercise 


' 4..Inthe 3 groups In this study, 1 factor that did not differ was: 


a) mean baseline. diastolic: volume 
b) mean baseline systollc volume 
'C) mean baseline stroke volume 


'" d) mean baseline EF 


. B. At peak exercise, all 3 groups demonstrated sighlficant 


_ Increases In: 
. 8) cardiac output 
b) heart rate 


i 7 c) blood pressure 
5 d) all of the above 


6. 


10. 


. C) heart rate data 


` Myocardial Ischemia in Healed Myocardial Infarction* > * 


— "The University of Alabama School of Medicine designates this continuing medical education activity for 1 credit hour in Category 
l 1 of the Physician's Recognition Award of the American Medical Association. Answers are to be marked on the instruction sheet 
on page A111. . 


New regional wall motion abnormalities occurred more 
often in patlents with: 

a) larger baseline end-systolic volumes 

b) non-Q-wave infarctlons 

c) lower EF l 

d) all of the above 


. New wall motion abnormality developing at peak exercise 


was specific at: 
a) 9496 
b) 7496 
c) 5296 
d) 25 de 


. Earlier studies of exercise radionuclide angiography re- 


vealed: 
a) increasing EF responses to exercise 
b) decreasing EF responses to exercise 


: C) variable EF responses to exercise 


d) nonchanging EF responses to exercise 


. If ischemic response Is based on EF response, end- 


systolic volume response and new wall motion abnormal- 
ity, the number of these patlents with positive thalllum 
scans with normal radionuclide angiographic response 
was: 

a) 5 

b) 2 

c) 7 

d) 10 


A limitation of this study Is the absence of: 
a) coronary arterlographic data | 
b) cardiac output data 


d) blood pressure data 


“This article appears on page 1 of this Issue. ` 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 


An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that’s perfectly sulted to 
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* THERAPEUTIC INDEX of which drugs are prescribed for which 
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¢ MANUFACTURERS INDEX of names and addresses and product 

" names. Helps you identify the drug when you only know the 
manufacturer's name. 


<n a E 


m 
I Yorke Medical Books Kien 
j Box C-757 
Brooklyn, NY 11205 
Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 


{3 Enclosed is my check for including $1.50 for handling. Yorke pays postage 
j (same return privilege). 
(-] Please bill my 





L] Visa L] MasterCard [] AMEX (same return privilege) 
Exp. date Card No. 
MC Interbank no. 
£} Please bill me plus postage and handling (U.S. and Canadlan orders only). 
i Name 
| Address 
City/State/Zlp 


| foreign orders must be prepaid In U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 


L- 


d D 
D 
. 


~ 





WANT FASTER SERVICE? 
If you . . . Change your Address? 
. . . Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL 
BELOW 


AFFIX LABEL 


If you have a new address please print It below. 
You MUST include your ZIP code. Post Office rules 
will not permit us to send your magazine to you 
without it 


NAME- c uuu Le ee 


ADDRESS 


CITY/STATE/ZIP 


Clip this entire form and attach it to any other 
correspondence you may have for us and mall 
to... 


American Journal of Cardiology 
Yorke Medical Journals 
Circulation Department 

875 Third Ave., N.Y., N.Y. 10022 


Capsules 


LH 
sm mms COMME MOVER Danés Eust am GENE GENE MS EE RAD NE ee eee RS SE GNE SE nans ined Se QUNM fee Gece c uum: ine Feu SE QUAM QACAVUK Se 1 ee (Nm [mnt ee Gt ee pee pees ONE ee CEENDC C173 Cin" SC EC S wm: RR GR EUR DEA 
' 
z 
= LI 








Ointment 
IV. 
Unit Dose 


3/84 





The American Journal of Cardiology. does more than 
just print the best in authoritative articles on cardio- : 
vascular treatment. Now it puts them on videotape. .: 
And the introductory videocassette is yours: Free. 

Hosted by Editor-in-Chief William C. Roberts, MD, 
AJC Video Report will feature lively, highly-visualized 
discussions with noted cardiovascular specialists 
and authors of the most important articles appearing, 
each month in The American Journal of Cardiology. 
And it will extend the utility of the articles by exploring 
their application in clinical practice. | 

The introductory, 45-minute videocassette wil fea- 
ture special guest Donald C: Harrison, MD, and guest 
authors discussing three important topics: | 
[ Analysis of spontaneous variability of ventricular . 
arrhythmias: consecutive ambulatory ECG record- 


you li ing, 
you'll love what youl bewatching - 





ings of 110 patients with ventricular tachycardia; 


[1 Doppler diagnosis of valvular aortic stenosis in. 
^. patients over 60 years of age; and. 


[ ] Routine preoperative exercise testing in patients. 
undergoing major non-cardiac surgery. — l 


AJC Video Report is planned to be. produced on a l 
regular basis starting this Fall. To order your free, ` 
introductory videocassette, just complete the card 


- -on the opposite page. If the card is missing, send. ’ 


your name, address (including zip code), medical 
specialty and videocassette format desired to: Joyce 
Sturges, AJC Video Report, The Yorke Medical Group, 
875 Third Avenue, New York, N.Y. 10022. Or call 

(212) 605-9549. Limited quantity available! 
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Quantitative Assessment by Doppler Echocardiography 
of Pulmonary or Aortic Regurgitation 


| STANLEY J. GOLDBERG, MD, and HUGH D. ALLEN, MD 


This study quantitates semilunar valve regurgitation 
by. Doppler measurement of flows. The patlents 
selected had single semilunar valve regurgitation; 
the other semilunar valve was normal. For the 
regurgitant valve, forward and reverse flows were 
measured in the great vessel distal to the abnormal 
valve, and reverse flow was subtracted from total 
forward flow to yield net flow. Net flow was com- 
pared with forward flow distal to the normal semi- 
lunar valve. If all values were computed accurately, 
net flow should equal forward flow distal to the 
normal semilunar valve. Twenty patients were 
studled and 18 had satisfactory recordings. Mean 
flow in the normal great vessel (3,511 ml/mln) was 


not significantly different from mean net flow In the 
vessel with the abnormal valve (3,590 ml/min). The 
correlation coefficient for the palred flow mea- 
surements was 1-0.91 (685 ml [standard error of the 
estimate|). The slope of the relation was 0.88 and 
the Intercept was 502 ml. Percent regurgitation 
varied from 29 to 7396 and the percentage generally 
corresponded to clinical estimates. It Is concluded 
that this method, which includes an internal control 
for each patient, is useful and reasonably accurate 
for clinical use In patients with pulmonary regurgi- 
tation, and appears Clinically useful in some patients 
with aortic regurgitation. 

(Am J Cardiol 1985:56:131-135) 
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Assessment of semilunar regurgitation by Doppler 


echocardiography has a long precedent. The earliest 
finding was a diastolic flow disturbance proximal to the 
affected valve in the outflow tract.‘ Later, the quantity 
of aortic regurgitation (AR) or pulmonary regurgitation 
(PR) was approximated by determining the ventricular 
depth at which a flow disturbance could be detected. 
The further the flow disturbance passed retrograde 
from the regurgitant valve, the more severe the regur- 
gitation.>§ Concurrently, Boughner,’ using continu- 
ous-wave Doppler interrogation of the descending aorta, 
demonstrated that comparison of the velocity integral 
that represented regurgitation, and the velocity integral 
that represented forward flow, yielded a percentage 
value that correlated well with percentage regurgitation 
determined by angiography. Subsequent investigations 
in patients with AR and PR confirmed various aspects 
of Boughner's findings®"° with pulsed Doppler. 
umerous investigations document that Doppler 
echocardiography accurately measures flow distal to 
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the 4 cardiac valves.11-?! Thus, Doppler echocardiog- 
raphy may be appropriate for quantitative measure- 
ment of semilunar regurgitation. However, several 
problems with measurement of AR or PR by Doppler 
are apparent. 'l'hese problems, perhaps among others, 
include (1) finding an area in which flow with a rela- 
tively flat profile can be measured; (2) development of 
a reliable technique for measuring ascending aortic flow; 
and (3) development of a method that would offer rea- 
sonable assurance that the flow values obtained 
by Doppler are correct. Solution of these problems 
could allow quantitation of semilunar regurgitation; 
this quantitation was the objective of the present 
investigation. 


Methods 


The group was designed to consist of consecutively studied 
patients who had isolated AR or PR. Patients who had more 
than mild concomitant stenosis (defined as more than 10 mm 
Hg [by catheterization] or a Doppler velocity gradient across 
the valve of more than 50 cm/s) of the regurgitant valve were 
excluded because the method would not work in the presence 
of a significant jet detected at the area of velocity measure- 
ment. À standard pulsed Doppler examination?? was con- 
ducted, but most attention was directed toward recording 
pulmonary artery and midascending aortic velocities. For 
pulmonary artery measurements, the high parasternal 
short-axis plane was imaged and the sample volume was ini- 
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tially placed proximal to the valve and then moved into the 
central, distal pulmonary artery parallel to flow. If a velocity 
gradient of more than 50 cm/s was found, the patient was 
disqualified from study because a definite pressure gradient 
was present. Flow in the pulmonary artery was assumed to 
progress parallel to the vessel walls. Forward pulmonary ve- 
locity was registered as a negatively directed waveform and 
regurgitation was registered as a positively directed waveform. 
Once the transducer was aligned in the 2 visualized planes, it 
was moved in the third plane—the elevational plane—until 
a position was found that demonstrated the maximal value 
for velocity and the least spectral dispersion. This position was 
considered one in which the beam and flow were as parallel 
as possible; this velocity was recorded. Pulmonary vessel di- 
ameter was measured without respect to the cardiac cycle as 
the largest imageable dimension at the center of the sample 
volume. Measurement was made from the center of the den- 
sest image of 1 wall to the center of the densest image of the 
other wall according to the method of Loeber et al.19 The mean 
diameter of numerous cycles was selected as the final value. 
Next, a suprasternal transducer that imaged 25? off the inline 
axis was used to record velocity in the midascending aorta. 
This transducer allowed the beam to be aligned parallel to the 
axis of flow!? in the ascending aorta. Forward aortic velocity 
was registered as a positively directed waveform and regurg- 
itation was registered as a negatively directed waveform. If 
the sample volume was too close to an insufficient semilunar 
valve, a diastolic jet with a velocity of 3 to 6 m/s was detected. 
These locations were avoided. More distally in the great vessel, 
peak diastolic velocity is much lower and rarely exceeds 1 m/s. 
Differentiation of these 2 areas during the examination was 
essential. Because the axis of regurgitant flow might differ 
slightly from the axis of forward flow, the highest velocity with 
the least spectral dispersion was sought at the same depth for 
systole and diastole independently. Aortic diameter was also 
measured without respect to the cardiac cycle by lateral res- 
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olution according to the method of Loeber et al.? Measure- 
ments were made from numerous cardiac cycles and the mean 
valve was used. The design of the study dictated that only 1 
semilunar valve was affected; thus, the other semilunar valve 
and great vessel were normal. Therefore, aortic velocity and 
diameter were also measured for patients with PR and pul- 
monary velocity and diameter were also measured for patients 
with AR. 

Total forward flow was computed by integrating with re- 
spect to time the positive systolic velocity recorded from the 
aorta and negative systolic velocity recorded from the pul- 
monary artery.!? All integrations and computations were 
performed with an Apple II computer controlled by a Biodata 
program. Diastolic velocity in the respective opposite direction 
represented regurgitation, and this regurgitant velocity was 
also integrated with respect to time. Computation of mean 
velocity/second X vessel area X 60 s/min yields flow rate. 
Subtraction of regurgitant flow from total forward flow yields 
net forward flow. Net forward flow should equal flow in the 
unaffected great vessel. In 3 patients, early in our experience, 
we used flow computed according to the method of Fisher?’ 
as a substitute for aortic flow in 3 patients with pulmonary 
regurgitation. A minimum of 4 cardiac cycles were computed 
for all diastolic and systolic flows. 

A clinical evaluation of the severity of semilunar regurgi- 
tation was attempted for each patient according to the fol- 
lowing criteria: (1) severe—marked cardiomegaly on chest 
radiograph, loud diastolic precordial murmur, significant 
aymptoms, requirement for medication, and, for those with 
AR, more than 60 mm Hg pulse pressure; (2) moderate— 
moderate cardiomegaly on chest x-ray, diastolic murmur of 
moderate intensity, minimal symptoms, no requirement for 
medication, and, for those with AR, 45 to 59 mm Hg pulse 
pressure; (3) mild—minimal or no cardiomegaly on chest 
radiograph, detectable but low-intensity diastolic murmur, 
no requirement for medication, and, for those with AR, less 
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FIGURE 1. Left, an average-quallty record of a patient with aortic regurgitation. The horizontal line approximately three-fourths the distance from 

the top of the record represents 0 velocity. Velocities above that iine represent total forward flow and velocities below that line represent regurgitation. 

This tracing shows that when the regurgitation velocity 1s nearly optimal and easy digitizable, the total forward flow may be less optimal. In this 

instance, the forward modal velocity Is discernible but suboptimal. For this record, we found total forward velocity at a slightly different location. 

The aortic image Is shown in the upper left corner. The sample volume Is demonstrated by the 2 parallel lines flanking the cursor line. Diameter 

Sd dora at the location of the sample volume. Right, a more optimal record of a patlent with PR with clear modal velocity throughout 
c cycle. 
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than 44 mm Hg pulse pressure. Since a full set of criteria for a 
given clinical level might not be present for each, patients 
vere classified according to the best fit within the general 
criteria. 

Some patients underwent cardiac catheterizations within 
3 months of their Doppler examination. Angiographic esti- 
mates of semilunar regurgitation, if obtained, were interpreted 
using the criteria of Quinones et al.® 


Results 


Satisfactory Doppler recordings were obtained from 
18 of 20 patients who were studied. Two were excluded 
because pulmonary artery diameter could not be mea- 
sured. Figure 1 shows both an average-quality and a 
higher-quality record for a patient with AR and PR, 
respectively. For some patients, the total of positive and 
negative velocity exceeded the velocity range of the 
pulsed Doppler system (Fig. 2). In these instances, ali- 
asing was used to advantage. For patients with PR, the 
0 velocity line was placed at the top of the record so that 
forward flow descended from the top of the record and 
regurgitant flow arose from the bottom of the record. 
A similar concept but with directions reversed could be 
accomplished for patients with AR by placing the 0 
velocity line at the bottom of the record. This technique 
effectively doubled the velocity range that could be 
recorded with pulsed Doppler. 

Individual patient data are included in Table I. Be- 
cause patients had different body surface areas, the 
most important issue was comparison of net flow (total 
forward flow — regurgitant flow) and flow measured in 
another cardiac area. If all measurements were made 
correctly, these flows should be equal. Mean net flow 
(3,511 ml/min + 438 ml [standard error of the estimate) 
was not significantly different from mean flow measured 
in another part of the heart (3,590 ml/min + 411 ml 





FIGURE 2. An average-quality record of pulmonary artery velocities 
with regurgitation using aliasing to advantage. The 0 line was set at the 
top so that total forward flow (F) descends from the 0 line, whereas 
regurgitant (R) flow rises from the bottom O line. For actual digitization, 
more complexes would have been selected. This represents a panei 
from an area that was digitized. In the upper left corner, the location 
of the sample volume !n the relatively distal main pulmonary artery can 
be seen. 


Patient Data 
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Tetralogy of Fallot; ? = uncertain. 


Est = estimate; MOD = moderate; NG = no gradlent; 
Itation; PS = pulmonary stenosis; PVE = pulmonary 


pulmonary regurg 


TFF = total forward flow; ToF 


th aortic regurgitation had bicuspid aortic valves without stenosis. 


forward flow. 
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was accepted as higher In hierarchy than Doppler measurement. Only the highest 
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[standard deviation]). The correlation coefficient for the 
paired measurements was +0.91 (685 ml [standard error 
of the estimatel). The slope of the relation was 0.88 and 
the intercept was 502 ml (Fig. 3). 


Percent regurgitation for the group varied from 29 to 


73%. All patients classified clinically as having severe 
regurgitation had percent regurgitation greater than 
538%. Two patients who were clinically classified as 
having mild regurgitation had 29 and 4396 regurgitation 
by the Doppler method. One patient who had pulmo- 
nary vascular obstructive disease had a degree of pul- 


` monary valvular regurgitation that was difficult to 


classify clinically. This patient had 62% regurgitation 


‘by Doppler. In patients considered clinically to have 


moderate regurgitation, mild overlap occurred in per- 
cent regurgitation. In those patients who underwent 
cardiac catheterization, the angiographic and Doppler 
estimate was roughly similar. Thus, in general, Doppler 
percent regurgitation correlated well with clinical as- 
sessment and angiographic estimation. 


Discussion 


The most important feature of this study is the 
demonstration that in the patients we studied, AR or 
PR could be quantitated by Doppler echocardiography 
if certain performance and record evaluation criteria can 
be applied strictly. These criteria are: (1) Doppler ve- 
locities must be sampled in the midascending aorta and 
main pulmonary artery as parallel to flow as possible in 
ali 3 planes. (2) Jet velocities must be avoided. (3) Be- 
cause regurgitation velocities might not align perfectly 
with forward flow, it is necessary to search for regurgi- 


. tation velocity independent of forward flow. (4) Mean 


velocity should be computed from numerous consecu- 
tive beats. (5) Diameters should be measured at sample 
volume depth. (6) Patients with markedly deformed 
aortas should be excluded because velocities in these 
patients would probably vary over the length of the 
sample volume. (7) Net flow should be computed and 
compared with flow in a normal area of the heart. A 
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` FIGURE 3. A comparison of net flow (Q) (forward-reverse) and com- 


parison flow measured In the great vessel associated with the normal 


. semiiunar valve. Values are expressed in miililiters/rinute. 
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dissimilar value means that the sample volume entered 
a jet. 

Imaging: Imaging the flow axis of the ascending aorta 
with a standard transducer is difficult. Further, if a 
velocity is obtained, the spatial angle from which it was 
sampled may be speculative.** Accordingly, use of an 
off-axis transducer was essential for consistent re- 
cording of midascending aortic velocities. However, 
most inline transducers will adequately image and 
record velocities from the main pulmonary artery. Bgth 
of these locations are in large diameter inlets and should 
have reasonably flat flow profiles. The technique that 
we used assumes a flat profile. This assumption also 
extends to the regurgitation profile, which is assumed 
to merely reverse the profile several centimeters distal 
to the valve. A jet is formed closer to the valve, and ve- 
locities ranging from 3 to 6 m/s are often encountered 
near and proximal to the valve?*; the proposed tech- 
nique requires that this area of high jet velocity be 
avoided for flow calculations. In the slightly more distal 
area where flows were measured, diastolic velocities 
rarely exceeded 1 m/s. 

Diameters: Accurate diameter measurement is es- | 
sential for obtaining accurate flow measurements.) 
Axial imaging is not possible for either great vessel flow 
area if diameters are measured from transducer loca- 
tions that permit velocity measurement parallel with 
flow at the sample volume location. Accordingly, it was 
necessary to measure diameters by lateral resolution 
according to the method of Loeber et a1.1? Diameter was 
measured from the center of the image of 1 wall to the 
center of the image of the other wall. Axial aortic mea- 
surement from the precordium is possible, but the di- 
ameter might be measured in a different location from 
that of the sample volume, and axial imaging for di- 
ameter measurement above the sinuses of Valsalva is 
frequently impossible. 

Comparison of Doppler results to a standard: 
Boughner' indicated the lack of a gold standard to 
which Doppler results could be compared. He used 
percent regurgitation, which was computed by sub- 
tracting Fick output from angiographic left ventricular 


output. The remainder from this computation ap- 


proximates the regurgitant volume. Quinones et al? used 
a qualitative estimate of regurgitation obtained from 
viewing angiograms, and we used that method for those 
patients who underwent catheterization, as well as 
clinical general descriptive findings. Results of previous 
investigators?? and results of this study show a general 
correlation between all of these estimators of the degree 
of regurgitation and the Doppler result. However, the 
available standards, especially clinical examinations, 
are imprecise. Previous methods did not include an 
internal checking method to verify the Doppler calcu- 
lations. The strength of the method used in this study 
is that a discrepancy between comparison and net flow 
will alert the examiner that an error may have oc- 
curred. 

Cautions: This technique cannot be strictly applied 
if the patient has combined stenosis and regurgitation, 
because the stenosis eliminates the ability to measure 
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total forward flow by Deppiee. However, in this. cir- 
cumstance, diastolic regurgitation volume should. be . 
accurate. Total forward flow could. be approximated by: ... 
at regurgitant and comparison flow. However, . .. 
his alternate method eliminates the ability to check the.“ : 
had by another flow. Further, the reported method 
may not be applicable to some patients with additional - 
lesions. For example, a patient with an atrial and É 


ventricular septal defect in addition to AR would have 


nó obvious location for measurement of true comparison ~ 
floW. The proposed method. has all the problems:of’ . 
standard imaging including inability to adequately . 

image the desired structures. This imaging problem : 


. cased elimination of 2 patients from this study. Al- 
though the Doppler method yields a value in millili- 
ter/minute, the result should be considered an estimate 


since errors in diameter measurement, and to a lesser- 


_ extent, in velocity, may cause some error in the com- 
- puted value. The ratio of total forward to regurgitant 


| flow should be accurate irrespective of diameter because - 


eter will cancel for the ratio. Although the ratio can 


o is computed without the diameter, the internal accu- 
y check cannot be used. The Doppler technique i is not ` 

miden anid requires practice and experience in com- ` 

us cap cardiac outputs in great vessels. Finally, fewer ` 

patients with AR than with PR were studied, and al- ` 

though this method appears equally applicable, addi- . 

tional confirmation of the technique for AR seems. 
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. To determine whether a benzodiazepine central 

. nervous system depressant, alprazolam, Inhibits 
. sympathetic discharge during exercise stress, 11. 
healthy men, aged 21 to 35 years, ‘performed 
". gsymptom-Iimited treadmill tests before and on the | 
. third day of drug therapy (0.5 mg 3 times daily). 


” Plasma epinephrine and norepinephrine levels were 
: measured at rest and at 8 minutes, 11 minutes and  . 


maximal exercise. Owing to catheter malfunction 


- during vigorous exercise, paired samples could be 
- obtalned from only 8 subjects at 8 minutes and from. ` 
. only 4 subjects at 11 minutes of exercise. During 
- drug treatment, the plasma. epinephrine level: pii E 
_, lower at rest (30 + 4vs 53 + 7 pg/ml, p <0.01), and 
.- at 8 minutes (60 + 13 vs 117 + 19 pg/ml, p <0.01), 
11 minutes (120 t 39 VS 193 +52 pg/ml, P <0. 05),: 


and: maximal exercise (520 + 125 vs 970 t 324 


pg/ml, p = 0. 13). Plasma norepinephrine was-un- 


- changed at rest (452 + 57 vs 413 + 45 pg/ml) but 


. lower at 8 minutes (730 + 75 vs 886 + 82 pg/ml, p .- 


<0:01), 11 minutes (1,077 + 197 vs 1,447 + 301 


pg/ml, p <0.05) and at maximal exercise (3,453 + 


487 vs 5,590 +. 1,100 pg/ml, p = 0.09). Exercise 
duration (17 + t and 17 + 1 minutes) was`un- 
changed on drug. Thus, alprazolam reduces the 


plasma catecholamine response to exercise stress,. 


possibly by inhibiting centrally: mediated sym- 


pathetic discharge.-Blunting of sympathetic acti- : 


vation may be beneficlal In cardiac disorders In 


which Increased | sympathetic: tone is potentially. 


deleterious. 
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reflecting an augmentation in sympathetic neural ac- 
tivation. Plasma catecholamines are also elevated in 


. patients during acute myocardial infarction! and in 


E in rere persons, p plasma level of ke ee e | 
“epinephrine i increase during a wide variety of stresses, 


patients with congestive heart failure.*® Additionally, 


in patients with congestive heart failure, basal plasma 


| norepinephrine levels are inversely correlated with 
“stroke volume index; stroke work index and maximal 
„oxygen consumption durifig exercise,® and long-term 
- - prognosis is worse in patients with high plasma nor- 
epinephrine concentrations.” Although increased. | 
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diac output or arterial pressure, it.is possible that ex- 


. (Am J Cardiol 1985; 56: :196- 439) E 


E T tone may ybe beneficial i in preserving FE = 


cessive sympathetic activation may increase cardiac ^ - ` 
- work, potentially causing myocardial ischemia or.ven- 


tricular arrhythmias.’ Thus, blunting of catecholamine . - 
responses to stress may be desirable in selected ‘patients. 


The purpose of this study was to determine whether a, . 
benzodiazepine central nervous system depressant, - 


alprazolam, would decrease the plasma catecholamine. 


response to € exercise stress in normal subjects, 


Methods - 


. Subjects: Twelve healthy male volunteers, aged’ 2) to 35 
years (mean 29), were initially studied. One subject did not 
return for this second exercise test, and thus results are re- 
ported for the 11 subjects who completed the protocol. 
Subjects were required to be receiving no médications for at 


F 


least 8 days before entry and during the 4 days of study. `’ 


Normal cardiovascular function was confirmed by a negative 


history, normal physical examination and normal electro- l 


cardiogram at rest. No subject was highly trained. 


Study protocol: Subjects were initially studied while re-: : 


ceiving no medications, and then again 72 hours later while - ^. - 
F eee Mi ides V 5i mg d times e for 3 days). During e 


"Ras 
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both studies, symptom-limited maximal treadmill exercise 
testing was performed according to the Bruce protocol after 
an overnight fast. Before each test, an intravenous catheter 
was placed in the left forearm for serial blood sampling, and 
subjects were then kept at supine rest for 15 minutes. We at- 
tempted to obtain samples from the catheter in the supine 
position before exercise, during the 8th minute (stage 3) and 
11th minute (stage 4) of upright exercise, and within 1 minute 
after exercise, In addition, samples were collected from a fresh 
venipuncture within 1 minute of stopping exercise. Owing to 
catheter malfunction during vigorous upright exercise, paired 
sanfples from the intravenous catheter could be obtained from 
only 8 subjects at 8 minutes, from only 4 subjects at 11 
minutes, and from only 6 subjects at maximal exercise. Both 
the indwelling catheter and fresh venipuncture sample values 
after maximal exercise are reported. There were no significant 
differences in norepinephrine or epinephrine levels between 
the 2 samples. Thus, we report paired plasma catecholamine 
concentrations before and during alprazolam therapy from 
11 subjects at rest and at maximal exercise, from 8 subjects 
during stage 3 of exercise, and from 4 subjects during stage 4 
of exercise. 

Plasma catecholamine levels were determined using a single 
isotope radioenzymatic assay as previously described.? The 
mean basal plasma levels at supine rest in 95 normal subjects 
were 50 + 22 pg/ml (standard deviation) for epinephrine and 
252 + 138 pg/ml for norepinephrine.!? To document that 
subjects were not receiving other medications, urine toxicity 
screens by a chromatographic method were performed at the 
time of both exercise tests. The method tested for benzodi- 
azepines, tricyclic antidepressants, Darvon®, codeine, mor- 
phine, methadone, phenothiazines, barbiturates, amphet- 
amines, acetaminophen and salicylate. Additionally, plasma 
alprazolam levels were determined at the second exercise test 
by a, commercial laboratory (Hazelton Raltech, Inc.). Data are 
presented as the mean + standard error. Statistical testing was 

by the paired ¢ test. 


Results 


Urine and plasma drug testing: At baseline, urine 
toxicity screen results from all patients for all medica- 
tions were negative. During the drug phase, urine tox- 
icity screens remained negative for medications other 
than benzodiazepines. One subject had caffeine present 
on both toxicity screens and 4 subjects had nicotine 
metabolites present on both tests. All subjects had de- 
tectable plasma levels of alprazolam, ranging from 11.8 
to 21.9 ng/ml (mean 15.0 + 1.2). 

Exercise test results: Exercise duration was similar 
at baseline (17.1 + 0.7 minutes) and during alprazolam 
treatment (17.2 + 0.7 minutes). All subjects terminated 
exercise because of fatigue during both tests. No subject 
had angina, ventricular arrhythmias, or ST shifts during 
exercise. Heart rate and systolic pressure at rest were 
unchanged by drug (Table I). Heart rate during exercise 
was slightly but significantly lower during drug treat- 
ment at 8 minutes of exercise and at maximal exercise, 
although the exercise-induced increase in heart rate at 
maximal exercise was not significantly different with 
alprazolam (+108 + 4 beats/min) compared with 
baseline (+112 + 3 beats/min). Systolic blood pressure 
was not significantly different between studies at any 
time. Pressure-rate product was lower at 8 minutes of 
exercise during drug treatment, but not at other 
times. 


TABLE! Heart Rate, Systolic Blood Pressure and 
Pressure Rate Product Responses to Exercise at 
Baseline and During Alprazoiam Therapy 


Rest , 8 Min 11 Min Max 


Heart rate (beats/min) 
Control 77 45 14447 150+7 1922 
73:6 1833 47* 15646 187+3' 
Systolic blood pressure 
(mm Hg) 
Control 113243 14247 15146 15925 
Drug 108 £5 1393645 14445 1604 
Pressure rate product 
(X107?) 
Control 86 +7 205416 2454 18 306+ 10 
Drug 7748 1814 14* 222i 15 301+ 11 


* p <0.05 vs control. 


Plasma catecholamine results (Fig. 1): The plasma 
epinephrine level was significantly lower at rest (30 + 
4 vs 53 +7 pg/ml, p < 0.01) and at 8 minutes (60 + 13 
vs 117 + 19 pg/ml, p <0.01) and 11 minutes of exercise 
(120 + 39 vs 193 + 52 pg/ml, p = 0.03) during alprazo- 
lam treatment (Fig. 1). At maximal exercise, the mean 
plasma epinephrine level from the fresh venipuncture 
samples (n = 11 pairs) was 520 + 125 pg/ml during al- 
prazolam treatment and 970 + 324 pg/ml during control 
testing (p = 0.13). From the indwelling catheter samples 
at maximal exercise (n = 6 pairs), plasma epinephrine 
was 425 + 184 pg/ml during alprazolam treatment and 
1,453 + 662 pg/ml during control testing (p = 0.09). Of 
paired plasma epinephrine levels obtained during ex- 
ercise (8 minutes, 11 minutes or maximal exercise), 26 
of 29 were lower during alprazolam treatment than 
during control exercise. The mean of all paired plasma 
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FIGURE 1. Seria! plasma epinephrine results from individual subjects 
during the control and drug exercise tests. Maximal values are those 
obtalned from a fresh venipuncture. Open circles are mean values. 


epinephrine levels obtained during exercise (n = 29 - 


pairs) was 276 + 61 pg/ml during the drug test and 67 3 


-+ 185 pg/ml during the control test. 


Plasma norepinephrine levels were unchanged by 


. alprazolam at rest (452 + 57 vs 413 + 45 pg/ml), but 


significantly lower at 8 minutes (730 + 75 vs 886 + 82 


| " pg/ml, p <0.01) and 11 minutes of exercise (1,077 + 197 
(0 v8 1,447 + 301 pg/ml, p<0.05) (Fig. 2). At maximal ex- 
. ercise, the norepinephrine level was 3,453 + 487 pg/ml 
. during alprazolam treatment and 5,590 + 1,100 pg/ml 


during control testing (11 pairs, p — 0.09) from the fresh 


‘venipuncture samples. From the indwelling catheter 
samples at maximal exercise (n = 6 pairs), the plasma 


norepinephrine level was 2,775 + 577 pg/ml during 


.. alprazolam treatment and 4,688 + 860 pg/ml during 
| „control testing (p = 0.01). Of paired norepinephrine 


^ ` levels obtained during exercise (8 minutes, 11 minutes" 
. Or maximal), 24 of 29 were lower during alprazolam 
treatment. The mean of all norepinephrine levels ob- 


tained during exercise was 2,358 + 319 pg/ml during 


alprazolam treatment and 3 591 + 603 pg/ml during the 
‘control test. | 


Discussion 
This study documents that the benzodiazepine al- 


`- . prazolam decreases the plasma catecholamine response 


to exercise stress. Plasma epinephrine levels were sig- 
nificantly reduced compared with control at rest and at 


8 and 11 minutes of exercise. Plasma norepinephrine 


levels were unchanged at rest but were significantly 


.. reduced at 8 and 11 minutes. Although the reductions 


at maximal exercise were not statistically significant, 


; the trend was for both catecholamine levels to be de- 


-n s oe con qoM ee T —— 
-. * - 
- 
" 
a 
- 


- creased during drug treatment. In addition, the results 
from 2 different samples at maximal exercise (in- 


dwelling catheter and fresh venipuncture) were con- 
cordant in showing lower epinephrine and norepi- 
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FIGURE 2. Serial plasma norepinephrine results from individual subjects 
during the control and drug exercise tests. Maxima! values are those 
obtalned from a fresh venipuncture. Open circles are mean vaiues. 
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tos :1188-. BENZODIAZEPINE REDUCTION OF PLASMA CATECHOLAMINES 


nephrine levels during drug treatment than during 
baseline testing. 

In prior studies, dozom and diazepam?? Te- 
duced the plasma norepinephrine response to oral 
surgery or ketamine anesthesia," nitrazepam reduced 
plasma norepinephrine concentrations in resting pa- ` 


'tients,!4 and chlordimethyldiazepam reduced plasma 


epinephrine, but not norepinephrine, in preoperative 
patients.15 This is the first study to document a ben- 
zodiazepine-induced reduction in both plasma epi- 
nephrine and norepinephrine during stress in mar 
In the current study, the reduction in plasma cate- . 
cholamine levels was not accompanied by a significant 
change in exercise duration, and there were only modest, 
probably clinically insignificant, decreases in the heart 
rate and systolic pressure responses. ‘The pressure-rate 
product, an index of myocardial oxygen demand, was 
slightly reduced. Thus, the lowering of plasma cate- 
cholamine levels did not markedly affect hemodynamic 
values, in accord with studies in which intravenous in- 
jections of benzodiazepines had only minor effects on 
stroke volume, cardiac output, arterial pressure, wedge 


pressure and coronary sinus flow in animals or man,6-19 — 


documenting that benzodiazepines appear safe to 
administer to patients with cardiac disease. — 

The mechanism for inhibition of sympathetic acti- 
vation during exercise is probably a central nervous 
system effect. All benzodiazepines rapidly traverse the 
blood-brain barrier due to their lipid solubility. In both 
animal and human brains, specific benzodiazepine re- 
ceptors are present.?" Benzodiazepine interaction with 
their receptors facilitates the inhibitory neuronal 
properties of the neurotransmitter gamma-amino- 
butyric acid (GABA).2.2! The benzodiazepines di- | 
azepam, chlordiazepoxide and nitrazepam block 
stress-induced increases in both the release and turn- 
over of norepinephrine and dopamine in rat brains, 
probably by decreasing the flow of noradrenergic im- 
pulses.?-2? Additionally, midazolam, when injected into 
the cerebrospinal fluid, significantly depressed the 
sympathetic nerve output to renal sympathetic nerves 
induced by a painful stimulus in dogs.” In other studies, 
diazepam inhibited evoked sympathetic responses in 
both supramedullary and hypothalamic sympathetic 
centers.^* Thus, animal studies suggest that the re- 
duction in plasma catecholamines observed in our study 
may be the result of a centrally mediated decrease i in 


` sympathetic activity. 


There are several limitations to this study. First, the 
study was not double-blinded, because we believed that 
the sedative actions of the drug would make a blinded 
study not feasible. Second, only a limited number of 
subjects were studied, and midexercise plasma samples 
could not be obtained from many subjects. Neverthe- 
less, despite the small number of observations obtained 
at midexercise, the drug-induced reductions in plasma 
catecholamine levels were consistent and statistically 
significant. Third, only healthy young volunteers were 
studied, not patients with cardiac diseases. 

The potential clinical importance of our findings 


awaits further study. Several reports have documented 
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elevated levels of plasma catecholamines in patients .. 


wi 


diverse cardiac disorders, including mitral valve . 
prolapse, essential hypertension, coronary artery. . 


spasm, congestive heart failure*-’ and acute ischemic . 


disease. 1-4 Additionally, sympathetic stimulation lowers. 


the ventricular fibrillation threshold in animals;2^28 and ` 


hpathetic stimulation has been implicated as a factor 


pay or wholly responsible for many cardiac arrhyth- 


fowe 


ir 


85,2529 Tn this regard, 1 animal study- documented: - 
er ischemic induced arrythmias with benzodiazepine 
ent.°° Moreover, the clear-cut benefits of 8> 


blockade i in patients with coronary heart disease suggest 
that a centrally mediated reduction in sympathetic 


oie may also be beneficial. Whether. benzodiazepine 


ibition of sympathetic outflow during exercise stress 


atients with cardiovascular disease would be of 
clinical benefit remains to be determined. ; 
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artery disease who underwent routine cardiac __niflcance. A-6% (not significant) increase In end- 
catheterization. Nisoldipine was given intravenously ^ diastolic volume and an 1196 (p 0.002) decrease. 
" In a.dose of 6 g/kg over 3 minutes and measure-- _ in end-systolic volume resulted In.an increase of. 
"ments made before and after drug administration 21% in stroke volume (p «10^ ^) with a consistent - 
p. during spontaneous and matched atrial paced heart . Increase In ejection fraction (+16%, p <1075). » 

= . rate. During sinus rhythm, nisoldipine produced a Total systemic vascular resistance was reduced by 
i . Significant Increase In heart rate (1996, p. 1075). ' 3096 (p <0.0002). During spontaneous heart rate 
|. , Left ventricular systolic pressure decreased 28% . and matched atrlal pacing, the time constant of | 
E “(p <10~) and left ventricular end-dlastolic pressure isovolumic relaxation as assessed by a blexpo- . 
3 


1 ` vestigated in 16 patients with suspected coronary ^ oxygen consumption did not reach statistical sig- . 
| 
E 


^ -did not change significantly . (596, difference not nential model, was significantly shortened. The. 
', Signiflcant)..Coronary sinus and great cardiac veln. maximal velocity of isovolumic. contraction after 
_ blood flow Increased by 21% (p <0.02) and 25% .  nlsoldipine : was administered remained: higher 
(p «0.005), respectively, after nisoldipine admin- (11296, p «Oo. 02) at an identical paced heart rate. | 
- Istration. Simultaneously, mean aortic pressure Thus, nisoldipine Is a potent coronary and peripheral : 
` decreased 33% (p «10 5); consequently, the glo- ^ vasodilator. No negative inotropic effects were ob- 
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- The hemodynamic eiod: of nisoldipine were in- - global (836) and jegionsl. (= A%) myocardial . 


“bal and regional coronary vascular resistances ' served In the dosage used. i qo 





' decreased idi 50 96 (p SUE The decreases in... 2:5 «(Am J Cardiol 1985; 56: 140-146) 
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; Niséldipine: | is a new N E ^. at Gi centradons producing such vascula chiinges : are . 
' chemically similar to nifedipine and other related minimal.$ 
5 
pis 
* fedipine. Although less potent in the inhibition ofcon- : coronary artery disease when imbalance in myocardial’ 


. traction of isolated heart muscle, nisoldipine is 4 to 10 oxygen supply and demand is caused by increased tone - ` 
^. times more potent iri the inhibition of vascular amooth © of coronary vasculature. The present stüdy was un-. . 


' dihydropyridines. 1-4 Despite its chemical similarity, its | The selectivity of Sick for the coronary vas: <- . 
pharmacologic properties differ substantially from ni- : UT bed may be of great significance in patients. with - 


muscle contraction.® The main in vivo pharmacologic dertaken to investigate the effects of nisoldipine on; ^" 


_action of nisóldipine appears to be its inhibitory effect peripheral and cad vasculature and lert ventricul 
-on. vascular smooth muscle; particularly that of the — i, function. — - I P X 
 cororiary- ‘vasculature.’ 5 The agar r effects P. i E Nu Methods -. E " j ] 3 = a 


Sixteen patients who underwent aivestigation tor cheat pain, `. 
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‘From the Thoraxcenter; Erasmus University, Rotterdam, the Nether- 


. and who were suspected of having coronary artery disease were ` | 

i a P222005 700 C0 y by eg ; Parag et E | studiéd at the time of cardiac catheterization. Eleven. patients -> 
^ November 19, 1984; revised manuscript received March 11, 1986, were men and mean age of the patients was 57 years (range 44. ; - 
accepted March 19, 1985. - : to 69). Significant coronary artery disease was defined asat `` 


~ Address for reprints: Patrick W. Serruys, MD, Catheterization Lab- least 50% luminal diameter narrowing in atleast 1 major ' aT- i 
i eth A cali P.O: Box 1738, 3000 DR Dottorum. The tery. Four patients had-no significant coronary artery disease, a 
* Netherlands. m spe l | | E and of these, 2 were qu P as mee dilated: 
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‘constant from the "semllogarhythmic" model; T, and T» = blexponential fitting: T,—-fit of first 40 ms, 
7 . Tz—fit after 40 ms; Vmax — maximal velocity of contractile element shortening. — - . . . . i 
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'_FIQURE 1. A, computer output showing the end-diastolic (EDV) and end-systolic (ESV) contours of the 30° right antertor oblique left ventriculogram . 
` „and the system of coordinates along which left ventricular segmental wall displacement Is determined. The corresponding volume data, ejection. 


fraction (EF) and other parameters are shown In the upper left comer. B, left ventricular end-diastolic cavity Is separated into 20 half-slices. The 
volume of each half-slice is computed according to the given formula: !;s- R?L. C, regional contribution to global ejection fraction Is determined 


from the systollc decrease of volume of the half-slice that corresponds to a particular, wall segment. The systolic volume change Is mainly a con- ^. 

. sequence of the decrease of radius (R) of the haif-elice. D, The shaded zones represent the tenth to the ninetieth percentiles area of the regional - . 
: contribution to ejection fraction (CREF) values in normal persons. On the X axis, the CREF values of the anterior and-Inferoposterior wall areas ..' 
..àre displayed (%), while on the. Y axis the segment numbers of the ariterlor wall (1 to 

. BSA = body surface area; HR. = heart rate; L = left ventricular long-axis length. — 


10) and of the inferoposterior wall (11 to 20) are depicted. 
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3 PATIENTS 


Meu ai MOTION 


When normalized for end- dibsbolic volume, the —: seg- - 
mental volume change can be considered a parameter of re- ` 


gional pump function (Fig: 1B). During systole this parameter 


expresses quantitatively the contribution of a region to ejec- ' 


for all 20 segments equals to the global ejection fraction. 
The cross- -hatched zones in Figure 1D represent the CREF 


values between the tenth and the ninetieth percentile, as de- ^ 


termined in 20 normal persons. The segmental CREF values 
in the 


5 to 9), apical (segments 9, 10, 19 and 20), inferior (segments 


- 15 to 19) and posterobasal (segments 11 to 15) wall regions. 
were analyzed. Interpretable LV angiograms were available `. 
in 15 patients, and a total of 300 segments were analyzed in’ 
. these patients; 1 patient had normal wall motion pattern, 7 
patients had abnormal wall motion in the inferior region, 


4 p in the anterior region and 3 in both regions 
(Fig. 2) 
Statistics: Results are expressed as mean + standard de- 
Mey: Group data before and after nisoldipine were com- 
a paired Student t test. A p value of 0.05 was con- 
Per statistically significant. ` 
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FIGURE 2. Left ventricular regional wall mation in 14 patients: 3 patients 
with ab anterior wall motion, 7 patients with abnormal inferior 


motion. : 
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Results ; 
Measurements during spontaneous heart rate: 


i f During spontaneous heart, rate nisoldipine produced a 
tion fraction (CREF)!4 (Fig. 1C). The sum of the CREF values - ~ 


significant. decrease in peak systolic pressure and an 
' increase in heart rate (Fig. 3). At the end of the infusion 


l * the mean changes were 42 mm Hg for the peak systolic 


pressure (—28%, p <10~*) and 13 beats (+19%, p <1075) 


`- for heart rate. Although peak Vce remained unchanged, 
. Vmax was significantly increased, from 40 + 8 to 47+ 


13 871 (+ 18%, p «0.005). The end-diastolic pressure did 
not change (19 to 20 mm Hg). 

Five minutes after administration of nisoldipine.the 
pressure-derived indexes related to the isovolumic re- 
laxation were studied at spontaneous heart rate in 14 
patients (Table IT). In this subset of patients, LV sys- 


' tolic pressure decreased 24% (p «10^5) and —dP/dt 


decreased 11% (p «0.005). The time constant of relax- 


_ ations was shortened. 


Coronary sinus blood flow increased from 146 + 40 
to 176 + 35 ml/min (p <0.02) 3 minutes after completion 
of nisoldipine infusion while the great cardiac vein flow 


/. increased significantly after nisoldipine, from 87 +:20 
^ to 109 + 24 ml/min (p «0.005). Simultaneously, the 


mean aortic pressure decreased from 107 + 20 to 72 + 
9 mm Hg (—33%, p «1079); consequently the global and 
the regional coronary vascular resistance decreased, 





108 LVP: 
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# p < 19079 
X p< .005 


.- FIGURE 3. Serlal hamaan changes during acute administration 


of intravenous nisokdipine (mean + standard deviation, n = 16). EDP 
= left ventricular end-diastolic pressure; HR = heart rate; LVP = left 
ventricular peak systolic pressure; Pk Vce = peak velocity of contractile 


element, Vmak = mene i oticontiaciaeieiomentnnrtenum. 
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TABLE ili Myocardial Oxygen Consumption, Coronary 
' Flow and Resistance Before and After 
intravenous Nisoidipine 
Before After p 
Nisoldipine Nisoldipine A96 Value 
. CS flow (ml/min) 
'" n 11 146440 176435 +21 «0.02 
. 'GCV flow (ml/min) 
n= 10 87+20 109+ 24 +25 «0.005 
> CS (mi/min) 2 
= 1 15.1 + 4.8 13.8 3.2 —8 NS 
MO, GCV (ml/min) 
= 10 92+3.2 8842.5 —4 NS 
an. La Os diff—{m!%) | 
1042 8+1 ~20 «0.002 
(Art. pu Op diff (mi 96) 
n= 10 10+2 8+1 —20 «0.005 
Mean AoP (mm Hg) 
n 11 1074220 7249  —33 «10^ 
Resist. CS (mm Hg/ml/min) 
n= 11 0840.2 0.40.1 —50 «1074 


Resist. GCV (mm Hg/ml/mln) Bat 
n= 10 1440.2 0.70.1 —50 <1074 


AoP = aortic pressure; Art. = arterlocoronary; CS = coronary sinus; 
GCV = great cardiac vein; MVO, = global (CS) or regional (GCV) 
consumption; NS = not significant; O; diff =: oxygen 
= resistance. 


respectively, from 0.8 + 0.2 to 0.4 + 0.1 mm Hg/ml/min 
(p <10~4) and from 1.4 + 0.2 to 0.7 + 0.1 mm Hg/ml/ 


^ Amin (p «1074 (Fig. 4, Table III). 
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Although the mean arteriocoronary sinus and great 
cardiac vein oxygen difference decreased from 10 + 2 
and 10+ 2 to 8 4 1 (p «0.002) and 8 + 1 ml/100 ml (p 


- <0.005), respectively, the decrease in global (from 15 


+5to14+ 3 ml/min) and regional (from 9 + 3 to 9 +2 
ml/min) myocardial oxygen consumption (Table III) 
did not reach statistical significance. 

Measurements during matched paced heart rate: 
In a subset of 9 patients, 5 minutes after nisoldipine 
administration and at an identical paced heart rate 
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‘Left Ventricular Pertormance.at Matched Paced 


TABLE IV 
Heart Rate Before and After Nisoldipine 
Administration In 15 Patients 
Before After p 
Nisoldiplne Nisoldipine % Value 
EDVI (mi/m?) 87 + 30 92 + 34 +6 «0.08 
ESVI (ml/m?) 44+ 23 39424  —11 «0.002 
E imum) 43 + 11 52413 +21 «1074 
EF (96) i 518 59410 +16 «107? 
CFSR (s71) 0740.1 0.9.0.2 +29 «0.0002 
CI (liters min/m?) 3.4 t 0.9 4341.2 +26 <10 
Ao mean (mm Hg) 107 + 19 94413  —12 «0.001 
SVR (dynes s cm 5) 14674493 10834362 —30 «0.0002 
Peak LVP (mm Hg) 161429 . 127420  —21 «0.00005 


Ao = aortic pressure; CFSR = mean circumferential fiber shortening 
rate; Cl = cardiac Index; EDVI = end-diastollc volume Index; EF = 
ejection fraction; ESVI = end-systollc volume Index; LVP = left ven- 
tricular pressure; SVI = stroke volume Index; SVR = systemic vascular 
resistance. 


(cycle length 741 + 27 vs 741 + 28 ms), the monoexpo- 
nential time constant was not significantly shortened; 
however, T, the first biexponential time constant was : 
significantly shortened (Table II). After nisoldipine, 
Vmax remained significantly higher (+12%, p «0.02) 
at an identical paced heart rate. Table IV lists the 
change in LV volumes resulting from nisoldipine ad- 
ministration. À 696 (not significant) increase in end- 
diastolic volume and an 1196 (p «0.002) decrease in 
end-systolic volume resulted in a significant increase 
of 21% in systolic volume (from 43 + 11 to 52 + 13 
ml/m?, p <10~4) with a consistent increase in ejection 
fraction from 51 + 8 to 59 + 10% (+16%, p <10~5). Be- 
cause of this increase in cardiac output and reduction 
in blood pressure, total systemic vascular resistance was 
significantly reduced by 30% (from. 1,467 + 493 to 1,033 
+ 362 dynes cm~"). 

Ten minutes after the drug administration, at the 
time of the repeated LV angiogram, the peak LV pres- 


GCV FLOW 


FIGURE 4. Individual and mean 
changes in global! (CS) and regional 
(GOV) coronary vascular resistance and 
blood flow after Intravenous adminis- 
tration of nisoklipine. Values represent 
mean + standard deviation. RESIST CS 
= resistance calculated from coronary 
ne, sinus biood flow; RESIST GCV = re- 
sistance calculated from great cardlac 
vein blood flow. 
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to EJection Fraction 


of Segments Sum of CREF * 
e After Before After 
105 1748 2148 


<0.02; t p <0.05. 


‘k from 108 to 127 mm Hg, and the 
nts measured during the second 
10 longer significantly shortened 


zall displacement data, the CREF 
y each segment; 130 of 300 values 
with a CREF value inferior to the 
ore administration of nisoldipine 
JF of these abnormal segments 
b of the global ejection fraction, 
segments contributed 33 + 13% to 
Table V). After nisoldipine ther- 
functional impairment became 
X CREF values of these initially 
creased on average, from 17 + 8% 
, Whereas the sum of CREF of the 
— 170) increased relatively less, 

+ 14% (p <0.05). The regional 
ent of patients with inferior and 
tion is shown in Figure 2. 


Discussion 


'y blood flow: The present study 
; that nisoldipine is a potent 


Caronarv hlond flaw and ereat 


Segments witn Normal Vontiputon 
- to Ejection fraction 


No. of Segments Sum of CREFT 
Before After Before After 
170 195 33413 36414 


dogs, additional £ blockade significantly diminis] 
tachycardic effects but not the vasodilating act 
nisoldipine.? The vasodilating action then is not ; 
of stimulation of vascular 8 adrenoreceptors, bt 
be a result of direct action on vascular smooth 1 
Nisoldipine has been shown to be 10 times more 
than nifedipine in dilating the coronary syster: 

The decrease in total peripheral resistance | 
observed in our patients appears less pronounce 
the vasodilating effect found in the coronary vasc 
(—50%). This observation supports the hyp 
that the main vasodilating effect is on the cc 
vasculature. 

Effect on the inotropic state: Nisoldipine a 
in vitro to be equipotent to nifedipine in inh 
contractions of the isolated heart and thus beh 
a typical calcium antagonist. However, because 
high vascular specificity, very low doses of the d 
pharmacologically effective without a major n 
inotropic effect.» Accompanying the decrease i 
load, the ejection as well as isovolumic indexes 
tractility increased. This increase was not relat 
change in heart rate since all the measuremen 
performed at a paced heart rate slightly abc 
spontaneous rhythm. This slight positive inotr: 


enanea mav ho ayniained hv the avmmnathetio ec 


^k. 


vo SESS . A wi: ER py ^x 


HEMODYNAMIC EFFECTS OF INTRAVENOUS NISOLDIPINE 


e 3) 


“tn the psc study, the ——— relaxation pend 
was evaluated by.using a biexponential model. At a 


4 


dexes of isovolumic relaxation time, such as the time 


constant for the first 40 ms of the relaxation phase. | 


i eed heart rate, the intravenous. administration of 
;^» nisoldipine.. shortened some of the most sensitive in- 


I : ^ e. 
"ori m dr 


"Because it was demonstrated that myocardial ischemia: 


' eads to asynergy of wall motion, which can play a major `` 


pen “rolei in altering the time course of the isovolumic pres- 

‘gure decrease, 22,23 improvement of the asynergic zones 
71 may result in a.more synchronous and rapid relaxation 
|. '. ‘of-the whole ventricle. : 


‘Nisoldipine i in this ddy did: not produce any overt - 


' untoward effects, but hemodynamic changes occurred 
~ that would seem benéficial i in the treatment of coronary 
„artery disease. The effects of nisoldipine in a continuous 


infusion remains to be determined in patients with both 


‘normal and impaired LV function. Oral nisoldipiné has 
. “already been investigated in patients with congestive 
. "heart failure where it reduces LV filling pressure and 
:,: increases stroke volume index by simultaneously re- 

...ducing cardiac pre- and afterload.* The. effect of 

: 


- pressure; however, marked increases in cardiac output 
and thus venous return could have maintained LV 
-.' end-diastolic pressure despite a decrease in venous tone. 
-- Direct assessment of venous tone (e.g., by forearm 
„vascular capacitance) would be required to assess the 


.. relative venous vs arterial = effects of DUE i 


: dipine. 
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Triamterene 75 mg /Hydrochlorothiazide 50 mg/Lederle 


THE FIRST AND ONLY 
REPLACEMENT FOR THE LESS 
BIOAVAILABLE TRIAMTERENE/ 
HYDROCHLOROTHIAZIDE 
FORMULATION... PROVEN 


SUPERIOR IN BIOAVAILABILITY 


Please see last page of this advertisement for brief summary of prescribing information. 





Once-a-day 


Triamterene 75 mg/Hydrochlorothiazide 50 mg /Lederle 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
prescribed dose of 75 mg triamterene and 50 mg hvdrochlorothiazide. 
Dyazide®,* on the other hand, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAXZIDE. Similarly, two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet.’ 
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“Data from a study of 24 subjects. ‘Data from two studies of 24 subjects each. 
*HydroDIURIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 


DELIVER Ah LIBED DC 


PROVIDES OPTIMAL ABSORPTION OF 


73 MG TRIAMTERENE/ 
50 MG HYDROCHLOROTHIAZIDE 





A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 


POTASSIUM-SPARING ANTIHYPERTENSIVE THERAPY 

- FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 

- FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE DEVELOPMENT OF 
HYPOKALEMIA CANNOT BE RISKED 

- FOR PATIENTS TRANSFERRED FROM DYAZIDE 

In a transfer safety study, patients taking up to four Dyazide capsules daily 

were effectively transferred to MAXZIDE q.d. with no compromise in 
clinical condition? 


PROVEN FORMULATION MAXIMIZES POTASSIUM- 
SPARING EFFECT OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily most. 
=r tg one corrected the hypokalemic effect of repeated daily doses of 
50 mg hydrochlorothiazide.°' 


Dose-response evaluation of triamterene's 
potassium-sparing activity in patients? 
rendered hypokalemic with long-term daily 
doses of 50 mg hydrochlorothiazide 


‘Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 


Change in Serum K+ from Baseline in mEq/L 


Bioequivalency study of 
a new tablet formulation of triamterene and hydrochlorothiazide. Am / Med 1984, 
77(5A):59-61. 2. Williams RL, Clark T, Blume CD: Clinical experience with a new 
j ination formulation of triamterene and hydrochlorothiazide ( Maxzide ) in 
yatients with mild to moderate hypertension. Am J Med 1984; 
Dose of Triamterene . Blume CD, Williams RL: A Bad antihvperte 
1984; 77(5A):52-58. 
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ECONOMICAL, ONCE-A-DAY POTASSIUM-SPARING 
ANTIHYPERTENSIVE THERAPY 


BRIEF SUMMARY 
Please see package insert for full prescribing information 

INDICATIONS AND USAGE: MAXZIDE is indicated for the treatment of hypertension 
or edema in patients who develop hypokalemia on hydrochlorothiazide alone. It is 
also indicated for those patients who require a thiazide diuretic and in whom the 
development of hypokalemia cannot be risked (e.g.. patients on digitalis prepara- 
tions or with a history of cardiac arrhythmias, etc.). This fixed combination drug Is 
not Indicated for the initial therapy of edema or hypertension except In individuals 
in whom the development of hypokalemia cannot be risked. MAXZIDE may be used 
alone or in combination with other antihypertensive drugs such as beta-blockers. 
Since MAXZIDE may enhance the actions of these drugs. dosage adjustments may 
be necessary Usage in Pregnancy. The routine use of diuretics in an otherwise 
healthy woman is inappropriate and exposes mother and fetus to unnecessary haz- 
ards Diuretics do not prevent development of toxemia in pregnancy, and there is no 
satisfactory evidence that they are useful in the treatment of developed toxemia. 
CONTRAINDICATIONS: Hyperkalemia MAXZIDE should not be used in the presence 
of elevated serum potassium levels (greater than 5.5 mEq/liter). If hyperkalemia 
develops. this drug should be discontinued and a thiazide alone should be substi- 
tuted Concomitant use with other potassiuni Conserving agents such as spirono- 
lactone. amiloride HCI or other formulations containing tiamterene. Concomitant 
potassium supplementation in the form of medication. potassium-containing salt 
substitute or potassium-enriched diets should also not be used. Contraindicated 
in patients with anuria. acute and chronic renal insufficiency or significant renal 
impairment Hypersensitivity to either component separately or other sulfonamide- 
derived drugs 

WARNINGS: Hyperkalemia 















Abnormal elevation of serum potassium levels (greater than or equal to 5.5 
mEq/liter) can occur with all potassium conserving agents including MAXZIDE 
Hyperkalernia is more likely to occur in patients with renal impairment, diabe- 
tes (even without evidence of renal impairment), or elderly or severely ill 
patients Since uncorrected hyperkalemia may be fatal, serum potassium lev- 
els must be monitored at frequent intervals especially in patients first receiv- 
ing MAXZIDE. when dosages are changed. or with any illness that may 
influence renal function 
If hyperkalemia iS suspected. (warning signs include paresthesias, muscular 
weakness fatigue. flaccid paralysis of the extremities. bradycardia and shock) an 
electrocardiogram (ECG) should be obtained Monitor serum potassium levels 
because mild hyperkalemia may not be associated with ECG changes. If hyperkale- 
mià is present, MAXZIDE should be discontinued immediately and a thiazide alone 
should be substituted It the serum potassium level exceeds 6 5 mEq/liter, more 
vigorous therapy is required. The clinical situation dictates the procedures to be 
employed These include the intravenous administration of calcium chloride solu- 
tion, sodium bicarbonate solution and/or the oral or parenteral administration of 
glucose with a rapid acting insulin preparation. Cationic exchange resins such as 
sodium polystyrene sulfonate may be orally or rectally administered Persistent 
hyperkalemia may require dialysis The development of hyperkalemia associated 
with potassium sparing diuretics is accentuated in the presence of renal impair- 
ment (see CONTRAINDICATIONS). Patients with mild renal functional impairment 
should not receive this drug without frequent and continued monitoring of serum 
electrolytes Cumulative drug effects may be observed in patients with impaired 
renal function. The renal clearances of hydrochlorothiazide, the pharmacologically 
active metabolite of triamterene. and the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased following MAXZIDE 
administration to elderly patients and patients with impaired renal function. Hyper- 
kalemia has been reported in diabetic patients with the use of potassium conserv- 
ing agents even in the absence of apparent renal impairment. Avoid MAXZIDE in 
diabetic patients. If it is employed. serum electrolytes must be frequently moni- 
tored Metabolic or Respiratory Acidosis: Potassium conserving therapy should also 
be avoided in severely ill patients in whom respiratory or metabolic acidosis May 
occur. Since acidosis may be associated with rapid elevations in serum potassium 
levels If MAXZIDE " triamterene 75rmg hydrochlorothiazide 50mg is employed, 
frequent evaluations of acid/base balance and serum electrolytes are necessary. 
PRECAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, /.e., 
hyponatremia, hypochloremic alkalosis, hypokalemia and hypomagnesemia. 

erum and urine electrolyte determinations should be frequently performed and 
are especially important when the patient is vomiting or receiving parenteral fluids 
Warning signs or symptoms of fluid and electrolyte imbalance include: dryness of 
mouth, thirst. weakness, lethargy, drowsiness, restlessness. muscle pains or 
cramps, Muscular fatigue. hypotension. oliguria, tachycardia and gastrointestinal 
disturbances such as nausea and vomiting 

Any chloride deficit during thiazide therapy is generally mild and usually does not 
require any specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather: appropriate therapy IS water restriction, rather than admin- 
istration of salt. except in rare instances when the hyponatremia is life threaten- 
ing. In actual salt depletion. appropriate replacement is the therapy of choice. 

Hypokalemia may develop with thiazide therapy, especially with brisk diuresis, 
when severe cirrhosis is present, or during concomitant use of corticosteroids, 
ACTH. amphotericin B or after prolonged thiazide therapy However, hypokalemia of 
this type is usually prevented by the triamterene component of MAXZIDE 

Interference with adequate oral electrolyte intake will also contribute to hypoka- 
lemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis (e.g.. increased ventricular irritability) 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creatinine 
level or both This is probably not the result of renal toxicity but is secondary to a 
reversible reduction of the glomerular filtration rate or a depletion of the intravas- 
culat fluid volume Periodic BUN and creatinine determinations should be made 
especially in elderly patients, patients with suspected or confirmed hepatic disease 
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Hepatic Coma: MAXZIDE should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. Renal Stones: Triamterene has 
been reported in renal stones in association with other calculus components. 
MAXZIDE should be used with caution in patients with histories of renal lithiasis. 
Folic Acid Deficiency: Triamterene is a weak folic acid antagonist and may contrib- 
ute to the appearance of megaloblastosis in instances where folic acid stores are 
decreased. In such patients, periodic blood evaluations are recommended. Hyper- 
uricemia: Hyperuricemia Tr occur or acute gout may be precipitated in certain 
patients receiving thiazide therapy. Metabolic and Endocrine Effects: The thiazides 
may decrease serum PBI levels without signs of thyroid disturbance. 

alcium excretion is decreased by thiazides. Pathological changes in the para- 
thyroid gland with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged thiazide therapy. The common complications of hyper- 
parathyroidism such as renal lithiasis, bone resorption, and peptic ulceration have 
not been seen. Thiazides should be discontinued before carrying out tests for para- 
thyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide admin- 
istration. Hypersensitivity: Sensitivity reactions to thiazides may occur in patients 
with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thiazides 
has been reported. Drug Interactions: Thiazides may add to or potentiate the action 
of other antihypertensive drugs. 

The thiazides may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the pressor agent for thera- 
peutic use. Thiazides have also been shown to increase responsiveness to 
tubocurarine. 

Lithium, when given with diuretics, reduces renal clearance and increases the 
risk of lithium toxicity. Refer to the package insert on lithium before use of such 
concomitant therapy. 

Acute renal failure has been reported in a few patients receiving indomethacin 
and other formulations containing triamterene and hydrochlorothiazide. Caution is 
therefore advised when administering nonsteroidal anti-inflammatory agents with 
MAXZIDE. 

Drug/Laboratory Test Interactions: Triamterene and quinidine have similar 
fluorescence spectra; thus MAXZIDE may interfere with the measurement of 
quinidine. 

Pregnancy: Category C: The safe use of MAXZIDE in pregnancy has not been 
established. Animal reproduction studies have not been conducted with 
MAXZIDE"" triamterene 75mg/hydrochlorothiazide 50mg. It is also not known if 
MAXZIDE can cause fetal harm when administered to a progoan! woman or can 
affect reproductive apr Thiazides cross the placental barrier and appear in 
cord blood. The use of thiazides in pregnant women requires that the anticipated 
benefit be weighed against possible hazards to the fetus. These hazards include 
fetal or neonatal jaundice, thrombocytopenia, pancreatitis, and possibly other 
adverse reactions which have occurred in the adult. MAXZIDE should be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers: Thiazides appear in breast milk. If the use of MAXZIDE is 
deemed essential, the patient should stop nursing. Pediatric Use: The safety and 
effectiveness of MAXZIDE in children has not been established. 

ADVERSE REACTIONS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and weak- 
ness, headache, nausea, appetite disturbance, vomiting, diarrhea, constipation. 
dizziness, decreased sexual performance, shortness of breath and chest pain, dry 
mouth, depression and anxiety These adverse reactions are common to other 
triamterene and hydrochlorothiazide containing products. Other adverse reactions 
include: 

Hydrochlorothiazide: 

Gastrointestinal: anorexia, gastric irritation, CADRE Un UNE (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous System: vertigo, 
paresthesias, xanthopsia. Hematologic: leukopenia, ete ig Sar thrombocy- 
topenia, aplastic anemia, hemolytic anemia, megaloblastosis. Cardiovascular: 
orthostatic hypotension (may be aggravated by alcohol, barbiturates, or narcotics). 
Hypersensitivity: anaphylaxis, purpura, photosensitivity, rash, urticaria, necrotiz- 
ing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including 
pneumonitis. Other: hyperglycemia, glycosuria, hyperuricemia, restlessness, tran- 
sient blurred vision. 

Iriamterene: 

Hypersensitivity: anaphylaxis, photosensitivity and rash. Other: Triamterene has 
been reported in renal stones in association with other calculus materials. Triam- 
terene has been associated with blood dyscrasias. Whenever adverse reactions 
are moderate to severe, therapy should be reduced or withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one tab- 
let daiiy with appropriate monitoring of serum potassium levels (see WARNINGS) 
Patients dapat Š O mg of hydrochlorothiazide who become hypokalemic may be 
transferred to MAXZIDE directly. In patients requiring 50 mg of hydrochlorothiazide 
in whom hypokalemia cannot be risked, therapy may be initiated with MAXZIDE. 
There is no clinical experience with doses exceeding one tablet daily. 











LEDERLE LABORATORIES 
A Division of American Cyanamid Company 
Wayne, New Jersey 07470 


c 1QR46 1 eadaria ! ahnratnriac 





non Arn 





EXPERIMENTAL STUDIES 


| 
| 


' Cardiovascular and Pharmacokinetic Consequences 


. of Combined Administration of Verapamil 
p . and Propranolol i in Dogs 


SCOTT R. HAMANN, PhD, KENT E. KALTENBORN, MS, MARY VORE, PhD, 
TIONG G. TAN, BS, and R.G. McALLISTER, Jr., MD 





Verapamil and propranolol, alone and In combina- 
tlon; were given intravenously to anesthetized dogs 
to analyze the Interaction between drug-induced 
cardiovascular effects and the resulting changes In 
pharmacokinetics. Dosing regimens were used that 
produced steady state plasma levels of both drugs, 
and the observed effects were clearly related to the 
plasma concentrations of the agents. When given 


alone, at stable "therapeutic" levels In plasma, : 
verapamil | or propranolol decreased spontaneous 


heart rate, Increased atrloventricular conduction 


time, and had opposite effects on cardiac output. At, 


the same doses, the combined Infusion of the 2 
drugs rapidly resulted In profound depression in 
cardiac function; In additlon, plasma concentrations 
of both agents Increased Into ranges associated with 


cardiovascular toxicity. When verapamil doses were ` 


reduced, combined infusion with propranolol de- 
creased atrioventricular conduction and cardiac 


. toxicity. 


output, but drug plasma concentrations (and asso- 
clated effects) remalned stable. When reduced 


_ doses of propranolol were added to infusion of . 


verapamil, similar effects on cardiovascular function 
occurred, but plasma drug levels Increased pro- 


. gressively throughout the remainder of the study 


perlod. In all combinations studied, 8 blockade with 
propranolol decreased liver plasma flow and, 
therefore, the systemic clearance of verapamil. The 
In vitro effects of propranolol on verapamil metab- 
olism were small, although significant, and not 


. Clinically relevant. These acute studles suggest that 


the hemodynamic effects resulting from verapamil 
and propranoiol in combination may significantly 
diminish clearance of 1 or both drugs, thereby re- 
sulting in accumulation during continued adminis- 
tration, increased. drug effects with Increasing 
plasma Concentrations, and potentially lethal drug 
(Am J Cardiol 1985;56:147-156) | 





Verapamil is the prototype for the phenylalkylamine 


class of calcium-entry antagonists! and has been ex- ` 


tensively used in the management of patients with 
symptomatic ischemic heart disease,” hypertension? and 
supraventricular tachyarrhythmias.* These clinical 
syndromes include those in which multiple drug therapy 
is common and often appropriate. There must be, 
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therefore, reasonable concern about the potential for 
interactions of clinical importance between verapamil 


and other agents with which it is likely to be given. 


The potential for cardiac depression and circulatory 
collapse when verapamil is given in combination with . 
8-adrenoceptor blocking agents is particularly notée- 


~, worthy.® Both clinical reports’-® arid animal studies!011- 
" have suggested that the combination of calcium-entry 
- antagonists and f blockers may décrease ventricular 


pump performance, especially in the presence of im- 
paired ventricular function. In a careful clinical study, 
in which plasma drug concentrations were measured, 
Packer et al!” found progressive negative inotropic and 
chronotropic effects from the addition of verapamil to 
a regimen of chronic propranolol dosing in patients with 
angina pectoris. Other studies in which plasma levels 
were not measured revealed no significant detrimental 
effects on cardiac function.19:14 
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TABLE I Experimental Design and Drug Administration Regimens 


Verapamil Propranolol 
Experimental Do In Do ln 
Series Study Period (g/kg) (ug/kg/min) (ug/kg) (ug/kg/min) 
| Control 
Verapamil alone Phase I 212+ 21 14 & 1 
(n = 9) Phase Il 14+ 1 
Propranolol alone Control 
(n — 5) Phase I 260 + 50.3 10+ 1 
Phase ll 10 x 1 : 
Il Control 
Verapamil = drug A Phase | 240 + 17 541 
Propranolol = drug B Phase Il 5+ 1 161+ 30 9+2 
(n = 14) 
Contro! 
Propranolol = drug A Phase | 203 + 22 1041 
Verapamil = drug B Phase 1l 200 + 50 19354 10 x 1 
(n — 5) 
lil Control 
Verapamil = drug A Phase | 7O+6 3.6 + 0.2 
(low dose) 
Propranolol = drug B Phase Il 3.6 i: 0.2 323 +75 $+ 1 
(n = 3) 
Control 
Verapamil = drug A 125 + 1 14 12 f 
Propranolol = drug B Phase Il 14 1:2 202 + 47 5+ 1 


(low dose) (n = 5) 


We were intrigued by the observations of Packer et 
al!? that the consequences of combined verapamil- 
propranolol administration appeared to be related to 
. the plasma concentrations of the 2 drugs. After intra- 
venous dosing, plasma levels of verapamil are directly 
related to the drug's effects in both animal!>!® and 
patienti^l8 studies. With oral dosing, the plasma 
level-effect relation is more complex!? but can be seen 
with selected parameters.!? Propranolol also has a 
reasonably well-defined plasma level-effect rela- 
tion.202? We have therefore carried out studies in an 
animal model to define the cardiovascular effects of 
verapamil and propranolol in combination, at selected 
plasma concentration ranges for each drug. Our data 
suggest that intravenous administration of these agents 
. together can produce profound and potentially lethal 
depression of cardiovascular function. In addition to the 
apparently gynergistic nature and plasma level depen- 
dence of the negative inotropic and chronotropic effects 
of this drug combination, we observed that the addition 
of propranolol to an infusion of verapamil profoundly 
reduces the hepatic clearance of verapamil, resulting in 
increased plasma levels of the latter drug, often into a 
range associated with severe cardiac toxicity. 


Methods 


Animal preparation and data collection: We studied 39 
male mongrel dogs (weight 18 to 25 kg) that were anesthetized 
with intravenous thiopental (30 mg/kg body weight), intu- 
bated, and mechanically ventilated with room air. Arterial 
oxygen saturation, hematocrit, and blood gases (pH, PO», and 
PCOg) were determined serially throughout experimentation. 
Supplemental doses of thiopental (6 mg/kg) were adminis- 
tered as required, by evaluation of the corneal reflex. Àn in- 
dwelling catheter was inserted into a peripheral vein in each 
foreleg for drug administration, and separate catheters for 


pressure measurements and blood sampling were placed in 
a femoral artery and femoral vein. The hepatic vein was can- 
nulated through the right jugular vein under direct observa- 
tion permitted by a midline sternoabdominal incision. 
Collection of physiologic data was carried out in sequential 
fashion at regular intervals over a 3-hour period, in accordance 
with previous studies that documented the stability of this 
canine preparation. All cardiovascular parameters were 
determined by averaging 5 consecutive cardiac cycles simul- 
taneously with a Beckman R-511 Dynograph recorder at a 
chart speed of 25 mm/s. Pulmonary artery pressures were 
measured using a balloon-tipped flotation catheter inserted 
from a femoral site and cardiac output was measured (in du- 
plicate) using the thermodilution technique. Mean blood 
pressure values were approximated as [1% (systolic blood 
pressure — diastolic blood pressure) + diastolic blood pres- 
sure]. Spontaneous heart rate was determined from sequential 
RR intervals by a Beckman Cardiotachometer unit. 
Experimental protocol: in vivo studies: All in vivo ex- 
periments were separated into 3 experimental phases. Àn 
initial control (predrug) phase consisted of a 60-minute period 
after complete animal instrumentation. Hemodynamic and 
electrophysiologic parameters, as well as blood samples, were 
gathered sequentially to evaluate the initial stability of indi- 
vidual animal preparations. After this 60-minute control pe- 
riod, individual drugs were administered using loading- 
maintenance infusion techniques designed to rapidly achieve 
and maintain drug plasma concentrations within specific 
ranges. Phase I (0 to 60 minutes) consisted of the first obser- 
vation period, during which a single drug (À), either verapamil 
or propranolol, was given. Phase II (60 to 120 minutes) con- 
sisted of a second hour of continuing constant infusion of the 
first drug (A), either in the presence of the vehicle alone (i.e., 
0.9% NaCl) or the vehicle to which has been added the second 
drug (B). Blood samples and physiologic data were gathered 
serially during all 3 study phases. With this experimental 
design, each individual animal served as its own control: The 
predrug phase served as a physiologic control for both drug 
administration phases (I and ID); in addition, the first 60 
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minutes of drug administration (phase I) served as both 
physiologic and pharmacokinetic control for the final 60- 
minute period (phase IT). 

Drug administration: The drug administration regimens 
used in the 3 in vivo experimental series are summarized in 
Table L The initial series of experiments (I) were performed 
to evaluate the hemodynamic and electrophysiologic effects, 
as well as the pharmacokinetic characteristics, of verapamil 
or propranolol when administered alone during both phases 
I and II. 

The second series of experiments (II) were designed to 
evaluate the cardiovascular and pharmacokinetic conse- 
quences of combined verapamil and propranolol infusion 
using drug dosage regimens similar to those in series I. 

The third series of experiments (IIT) were designed to assess 
the plasma drug concentration-dependence of any cardio- 
vascular or pharmacokinetic interactions between verapamil 
and propranolol. 

Pharmacokinetic analysis: A steady-state approach was 
used to assess the pharmacokinetic characteristics of vera- 
pamil and propranolol in all 3 series of in vivo experiments 
(See Appendix). In all individual experiments, where steady 
state plasma drug concentrations and hemodynamic condi- 
tions were established during constant infusion of verapamil 
or propranolol, pharmacokinetic parameters were calculated 
based on the assumption that the liver is the only site of 
elimination of both verapamil and propranolol. 

Data analysis: All physiologic data are presented for each 
study series (mean + standard error of the mean) with respect 
to individual time intervals within each experimental phase. 
Changes in pharmacokinetic, electrophysiologic and hemo- 
dynamic parameters from appropriate control values were 
analyzed using a Student paired ¢ test. Plasma drug concen- 
trations and associated hemodynamic effects determined 
during the last 40 minutes of each experimental phase were 
used to evaluate steady-state conditions. Steady-state con- 
ditions were assumed only when individual animal hemody- 
namic measurements, observed at 10-minute intervals, did 
not vary by more than 10% about the mean determined for the 
entire time interval (phase). Steady-state pharmacokinetic 
conditions were assumed to be present when the variation in 
plasma concentrations of propranolol or verapamil within 
particular experimental phase was not significantly different 
from the assay error associated with the respective analytical 
techniques. All pharmacokinetic parameters were calculated 
from individual animal steady state drug concentrations. 

Drug assay procedures: Blood samples were collected 
from all 3 sampling sites (aorta, pulmonary artery and hepatic 
vein) and transferred to heparinized Venoject® glass tubes. 
The plasma was separated by centrifugation, frozen, and as- 
sayed with 5 to 10 days of collection. High-performance liquid 
chromatography with fluorometric detection was used to 
separate and quantitate verapamil or propranolol.?8 

In vitro studies: The influence of propranolol on the he- 
patic metabolism of verapamil was investigated using reported 
metabolic techniques using vitro rat liver (9,000 X g super- 
natant fractions)" Design of these studies involved prein- 
cubation of the 9,000 X g supernatant with varying concen- 
trations of propranolol before incubation with verapamil. 

Results 

In vivo studies: Control experiments: The results 
of the initial experiments (series I), designed to confirm 
the stability of plasma drug concentrations and asso- 
ciated effects during 120 minutes (phases I and II) of 
constant verapamil or propranolol infusion, are shown 
in Figures 1 and 2, respectively. Analyses of the physi- 
ologic and pharmacokinetic parameters observed during 
these studies are presented in Tables II and III. 


Significant hemodynamic effects produced by vera- 
pamil included decreases in mean aortic pressure and 
heart rate as well as increases in cardiac output. Stable 
verapamil plasma concentrations also resulted in sig- 
nificant increases in atrioventricular (AV) conduction 
time, as indicated by increases in PR interval duration. 
All physiologic data (Table II-A) and pharmacokinetic 
parameters (Table II-B) remained stable throughout 
both hours (phase I and IT) of constant verapamil 
infusion. 

The only significant hemodynamic changes observed 
during propranolol infusion included decreases in heart 
rate and cardiac output. Propranolol plasma concen- 
trations remained stable throughout the 120 minutes 
of drug administration (phases I and II) and produced 
small but significant increases in PR interval duration, 
without evolution of AV block. Further, there were 
no significant changes in any pharmacokinetic param- 
eter for propranolol during the experimental period 
(Table III-B). 

Interaction studies: (1) propranolol added to verap- 
amil: The results of the first group of drug interaction 
experiments (series II) are shown in Figure 3. The pro- 
found hemodynamic and electrophysiologic changes 
observed in this study made statistical analysis of group 
mean data within phase IJ inappropriate because 
steady-state conditions could not be maintained during 
combined drug infusions. Therefore, the cardiovascular 
variables evaluated were analyzed using the unpaired 
t test by comparing the mean value at 60 minutes (end 
of phase I) to control observations. All cardiovascular 
parameters observed at individual intervals within the 
second hour of combined drug administration (phase 
H) were similarly compared with corresponding mean 
values at the end of the first hour (phase T) of single drug 
administration. In addition to the unstable hemody- 
namic situation, verapamil plasma concentrations 
during phase II of individual experiments were clearly 
not at steady state, making our previously used model 
for calculation of pharmacokinetic parameters inap- 
propriate; statistical analysis of changes in verapamil 
plasma concentrations was handled in a fashion similar 
to that used for the physiologic data. 

When verapamil (drug À) was given alone during the 
first 60 minutes (phase I) after the control period, there 
were significant and consistent increases in PR interval 
duration along with significant decreases in aortic 
pressure and heart rate. With the verapamil infusion 
continuing, the addition of propranolol (drug B) re- 
sulted in prompt and dramatic decreases in heart rate, 
aortic pressure and cardiac output, and over half of the 
animals died during this combined infusion period 
(phase IT). Increases in PR interval duration preceded 
evolution of complete AV block, which occurred in all 
dogs within 15 minutes after initiation of propranolol 
dosing. With the constant drug infusions continuing, 
verapamil plasma concentrations increased progres- 
sively during combined drug administration. 

(2) Verapamil added to propranolol: Within series 
Il, separate experiments were carried out in which 
propranolol was given first (drug À) and verapamil 
second (drug B), in doses similar to those used earlier. 
The physiologic results and statistical analyses are 
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shown in Figure 4. During the first hour of propranolol 
administration (phase I), significant changes observed 
with stable plasma drug concentrations included de- 
- creases in spontaneous heart rate and cardiac output. 
The addition of verapamil (phase II), using the same 
dosage as in earlier studies, produced an unstable he- 
modynamic state characterized by prompt and signifi- 
cant decreases in heart rate, mean aortic pressure and 
cardiac output. AV conduction time was prolonged, with 
significant increases in PR interval duration and evo- 
lution of complete AV block after 15 minutes of com- 
bined drug infusion. The addition of verapamil also 
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FIGURE 1. Cardiovascular effects and plasma concentrations of in- 
travenous verapamil infusion in anesthetized, instrumented dogs (series 
I; n = 9). Values are mean + standard error of the mean. See Table | 
for doses used and Table II for the results of statistical analyses. Data 
: points represent observations at 15-minute intervals In each study 
phase. 


resulted in significantly increased propranolol plasma 
concentrations, although unstable conditions made 
pharmacokinetic analysis by our steady state model 
inappropriate. Furthermore, progressive increases in 
verapamil plasma concentrations occurred, notwith- 
standing the constant infusion technique used for 
dosing. 

(3) Propranolol added to verapamil (low-dose): The 
results of the 2 series of experiments (series IIT), which 
were designed to evaluate the plasma drug concentra- 
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FIGURE 2. Cardiovascular effects and plasma concentrations of In- 
travenous propranolol infusion in anesthetized, instrumented dogs 
(series I; n = 5). Values are mean + standard error of the mean. See 
Table | for doses used and Table Ii! for results of statistical analysis. Data 
points represent observations at 10-minute Intervals in each study 
phase. 


tion dependency of the verapamil-propranolol inter- 
action are shown in Figures 5 and 6, with statistical 
analyses of physiologic and pharmacokinetic data pre- 
sented in Tables IV and V. In these studies, stable 
verapamil levels in this “subtherapeutic” lower range 
produced significant increases in cardiac output but no 
other hemodynamic or electrophysiologic changes (Fig. 
5, Table IV). With the low-dose verapamil infusion 
continuing, the addition of propranolol resulted in 
significant decreases in heart rate and mean arterial 
pressure, as well as consistent increases in PR interval 
duration. The addition of propranolol also significantly 
decreased hepatic plasma flow and verapamil systemic 
clearance (Table IV-B). 

(4) Propranolol (low-dose) added to verapamil: 
Figure 6 shows the results of the second group of ex- 
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periments within series HI. Statistical analysis of the 
physiologic observations are given in Table V. During 
phase I, stable verapamil plasma concentrations were 
associated with significant decreases in heart rate and 
mean aortic pressure. With the verapamil infusion 
continuing, the addition of low-dose propranolol re- 
sulted in prompt and significant decreases in heart rate, 
mean arterial pressure and cardiac output, to levels 
below control (predrug) values (Table V-A). The PR 
interval duration also increased during combined drug 
administration (phase II). Progressive increases in 
plasma concentrations of both verapamil and pro- 
pranolol occurred during phase II. Both systemic and 
intrinsic clearances of verapamil, as well as calculated 
hepatic plasma flow, were significantly reduced by ad- 
dition of propranolol, even at the low doses used. 


TABLE IH Physiologic Data and Pharmacokinetic Parameters for Verapamil 


Mean Pulmonary 
PR Interval Mean Arterial Cardiac Output Systemic Vascular Heart Rate Artery Pressure 
Study Period (ms) Pressure (mm Hg) (ilters/min) Resistance (units) (beats/min) (mm Hg) 
A. Cardiovascular Effects of Verapamil During intravenous Infusion 
Control (predrug) 100 +5 134 +6 3.90.4 38 5 152 +8 13 X 1 
Phase |* 184 + 17 98+ 8 5.1+0.9 23+ 4 118 +6 18+ 1 
% Change 84+ 22 33 +5 26 + 12 41+8 22243 35 + 12 
p (vs control) <0.005 <0.025 <0.05 <0.05 <0.025 <0.05 
Phase IIT 208 + 17 90+ 8 47+ 0.4 2042 104+ 8 17 +2 
% Change 86 + 19 26 +4 30 47 406 313 37 + 10 
p (vs control) <0.005 «0.025 «0.05 «0.05 «0.025 «0.05 
p (vs phase |) NS NS NS NS NS NS 
B. Verapamil Pharmacokinetics During intravenous Infusion 
' Verapamil Plasma Verapamil Systemic Hepatic Instrinsic Extraction Ratio Hepatic Plasma 
Study Perlod Concentration (ng/ml) Clearance (ml/min) Clearance (ml/min) (96) Flow (ml/min) 
Phase |* 123 + 24 1,777 + 235 8,632 + 1,532 7643 2,347 + 323 
Phase ut 154+ 11 1,737 + 212 9,199 + 1,898 7544 2,316 + 241 
p (vs phase |) NS NS NS NS NS 
* Phase | = 0 to 60 minutes. 
t Phase H = 60 to 120 minutes. 
All data are expressed as mean + standard error of the mean (n = 9). 
NS = not significant. 
TABLE ili  Physlologic Data and Pharmacokinetic Parameters for Propranolol 
Moan Pulmonary 
PR Interval Mean Arterial Cardiac Output Systemic Vascular Heart Rate Artery Pressure 
Study Perlod (ms) Pressure (mm Hg) (liters/min) Resistance (units) (beats/min) (mm Hg) 
' A. Cardiovascular Effects of Propranolol During Constant intravenous Infusion 
Control (predrug) 110 + 10 14144 4.5 d: 0.7 355 14748 14 x 1 
Phase 1* 126 + 12 126 45 2.9 t 0.3 4516 114345 13+ 1 
% Change 18411 |. 10.04 3.0 31-4 3349 22+6 12.0 + 6 
p (vs control) NS NS «0.05 NS «0.01 NS 
Phase it 13442 121+ 10 2.6 + 0.2 49+4 10545 12 & 1 
% Change 35112 © 1246 39 +86 513 28 +6 1647 
p (vs control) «0.05 NS «0.05 «0.05 «0.01 «£0.05 
p (vs phase |) NS NS NS NS NS NS 
| B. Propranolol Pharmacoklnetics During intravenous Infusion 
i Propranolol Plasma Propranolol! Systemic Hepatic Instrinsic Extraction Ratio Hepatic Plasma 
Study Period Concentration (ng/ml) Clearance (ml/min) Clearance (ml/min) (%) Flow (ml/min) 
Phase I" 86 4:5 2,105 + 104 10,179 + 2,022 75+6 2,923 + 396 
Phase Ilf 90 + 6 2,270 + 161 12,002 + 3,657 70 X 11 3,015 + 432 
p (vs phase |) NS NS NS NS NS 


* Phase | = 0 to 60 minutes. 

t Phase I| = 60 to 120 minutes. 

All data are expressed as mean + standard error of the mean (n = 5). 
NS = not significant. 
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In vitro experiments: Propranolol preincubation 
decreased the in vitro hepatic elimination of verapamil 
in a fashion that appeared to be dependent on the con- 


centrations of both drugs (Fig. 7). When propranolol . 


was preincubáted at a.concentration of 1,000 ng/ml, 
verapamil elimination was significantly decreased at 
substrate concentrations above 1.5 uM (Fig. 7). How- 
. ever; when the preincubation concentration of pro- 
pranolol was 100 ng/ml, verapamil elimination was de- 
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FIGURE 3. Cardlovascular effects resulting from the addition of pro- 


. pranolol during verapamil Infusion In anesthetized, Instrumented dogs 
(series Il; n = 14). Values are mean + standard error of the mean. Data. 


` points represent observations at 15-minute Intervats in phase |, and at 
5-minute Intervals in phase Il. The number of animals remaining 
alive decreased to 5 at 75 minutes; all animals were dead after 90 
minutes of combined drug administration. AVB = atrloventricular block. 
. * Values that differ signiflcantly from corresponding control (prodrug) 
levels at p «0.01; * values that differ from levels observed at 60.min- 
' utes in phase l, i.e., Immediately before propranolo! administration 
S (p «0.01). T l 
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—' only at the highest substrate concentration. 
studied. 


Discussion 


Using an acute, anesthetized dog model, we have 
studied various aspects of the interaction between. 
verapamil and propranolol. When the drugs were given - 
alone, in doses which produced plasma concentrations 
associated with desirable therapeutic effects, stable . 


hemodynamic and electrophysiologic effects resulted E 
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FIGURE 4. Cardiovascular effects resulting from the additlon of vera- -` 
pamil during propranolol infusion In anesthetized, instrumented dogs 
(series Il; n = 5). Values are mean + standard error of the mean. Sta- 
tistical analysis of these data was handled similarly to that shown In 
Figure 3. AVB = atrioventricular block. » Values that differ significantly 
from corresponding control (predrug) levels at p <0.01; * values that 
differ from levels observed at 60 minutes In phase i; i.e., Immediately 
before Verapami administration (p <0. 9n. 


' . July 1, 1985 -THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 


and elimination kinetics remained unchanged over a 
2-hour study period. When the drugs were given to- 
gether, using the same doses, both electrophysiologic 
and hemodynamic toxicity occurred promptly..When 
doses of either verapamil or propranolol were reduced, 
combined infusion resulted in additive negative ino- 
tropic and electrophysiologic effects, but the animals 
remained stable. Therefore, the toxic aspects of the 
interaction between verapamil and propranolol appear 
to he distinctly dose (and plasma level) related. 

en a lower dose of verapamil, which produced 
minimal hemodynamic changes, was combined with the 
therapeutic dose of propranolol, the pharmacokinetic 
profile as well as the evolving hemodynamic and elec- 
trophysiologic effects of the combination were stable 
(Fig. 5). However, when distinct hemodynamic and 


I 
TABLE IV Analyses of Physiologic and Pharmacokinetic Data 
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electrophysiologic effects were produced by combined 
drug administration, dramatic changes in the elimina- 
tioù of verapamil occurred (Fig. 3, 4 and 6), including 
reduction in verapamil systemic clearance resulting 
from reduction in hepatic plasma flow. This, in turn, 
resulted in increasing concentrations of verapamil in 
plasma, to a range where the drug’s negative inotropic 
and electrophysiologic activity is clearly toxic in and of 
itself.28 

Both verapamil”? and propranolol® are eliminated 
solely by hepatic metabolism, and both are subject to 
flow-dependent elimination kinetics. This term implies 
that any influence that substantially alters hepatic 
blood flow will similarly affect the rate of elimination 
of the drugs. Both propranolol and verapamil have 
significant hemodynamic activity, and each alters its 





Mean Pulmonary 


PR interval Mean Arterial Cardiac Output Systemic Vascular Heart Rate Artery Pressure 
Study Period (ms) Pressure (mm Hg) (liters/min) Resistance (units) (beats/min) (mm Hg) 
A. Cardiovascular Effects: Propranolo! Added to Verapamil Infusion (Low-Dose) 
Control (predrug) 110 + 10 1312€ 8 4.2 X 1.0 35 + 11 138 + 16 13 + 2 
Phase I* 120 + 10 119+ 8 6.1 + 0.4 2245 124 1:2 16+ 2 
% Change 8+4 1342 40 + 16 36+7 1045 21+9 
(vs control) NS NS S NS NS NS 
Phase ut 197 + 10 9145 3.3 + 0.6 30 X6 813: 7 TET 
% (Change 79 - 11 30 + 4 81 + 14 13 + 15 41+5 43 + 24 
p (vs control) <0.005 <0.01 NS NS <0.025 NS 
. p (vs phase |) «0.005 «0.05 «0.01 NS «0.01 NS 
| B. Effects of Propranolol on Verapamil Pharmacokinetics (Low-Dose) 
Verapamil Plasma Verapamil Systemic Hepatic Instrinslc Extraction Ratio Hepatic Plasma 
Study Perlod Concentration (ng/mi) Clearance (ml/min) Clearance (ml/min) (96) Flow (ml/min) 
Phase I* 545 2,488 + 94 7,908 + 1,373 66 +6 4,194 + 257 
Phase IIt 64+ 6 1,715 + 373 6,052 + 2,083 68+6 2,551 + 553 
p (vs phase J) NS <0.05 NS NS NS 
* Phase | = 0 to 60 minutes (verapamil alone). 
t Phase Il = 60 to 120 minutes (verapamil + propanolol). 
All data are expressed as mean + standard error of the mean (n = 3). 
NS = not significant. 
TABLEV Analyses of Physlologic and Pharmacokinetic Data 
Mean Pulmonary 
PR Interval Mean Arterial Cardlac Output Systemic Vascular Heart Rate Artery Pressure 
' Study Period (ms) Pressure (mm Hg) (Iiters/min) Resistance (units) (beats/min) (mm Hg) 
; i A. Cardiovascular Effects: Propranolol (Low-Dose) Added to Verapamil infusion 
Control (predrug) 1198 +7 138 + 8 4.7 + 0.7 3142 152 £ 4 Tee 
Phase |* 148+ 4 97 +4 49+ 0.6 20+3 122 +6 1443 
% Change 33 + 10 3244 59.2 + 14 32+8 16 + 8 23 + 18 
(v& control) «0.005 «0.01 NS «0.005 «0.025 NS 
t 232 + 17 80 45 2.10.1 39 + 1 82 + 11 14444 
% Change 113 + 25 43 3- 1 5342 27 X3 46 +2 27 + 28 
p (vs/control) «0.005 «0.005 «0.0125 «0.05 «0.005 NS 
p (vs|phase 1) «0.005 «0.05 «0.0125 «0.01 «0.025 NS 
| B. Effects of Propranolol (Low-Dose) on Verapamil Pharmacokinetics 
| Verapamil Plasma Verapamil Systemic Hepatic Instrinsic Extraction Ratlo Hepatic Plasma 
Study Period Concentration (ng/ml) Clearance (ml/min) Clearance (ml/min) (96) Flow (ml/min) 
Phase |* 96 +7 2,138 + 120 13,447 + 1,460 84+ 1 2,576 + 183 
Phase Ilf 117 17 1,300 + 155 8,711 + 1,295 85 + 1 1,550 + 185 
p (vs phase !) <0.025 <0.01 <0.025 NS «0.01 


* Phase | = 0 to 60 minutes (verapamil alone). 

t Phase Il = 60 to 120 minutes (verapamil + propranolol). 

All data are expressed as mean + standard error of the mean (n = 3). 
NS = not significant. 
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1 
i 


own kinetic characteristics: Nies et al?! found that. 


. B-adrenoceptor blockade with propranolol reduced 
cardiac output sufficiently to decrease liver blood flow 
and, thereby, reduced its own clearance in a dose-de- 
| pendent fashion; Hamann et al?? recently reported that 
the complex plasma level-dependent hemodynamic 
effects of verapamil are associated with effects on liver 
blood flów which result in corresponding changes in its 
 ówn elimination kinetics. It is not, therefore, surprising 


. that the combination of propranolol arid verapamil may 
result in hemodynamic effects that produce alterations 
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. FIGURE 5. Cardiovascular effects resulting from the addition of pro- 
pranolol during infusion of low-dose verapamil in anesthetized, In- 
strumented dogs (series Ill; n = 3). Values are mean + standard error 
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of the mean; data points represent observations at. 10-minute Intervals __ 
throughout both study periods. See Table V for results of statistical 


— analysis. 


* at 


in hepatic blood flow and, thereby, chances in the rate l 


of drug elimination. 


The dectease in hepatic blood’ flow produced by - 
propranolol appears to be largely a result of the reduc- 
tion in cardiac output associated with B-adrenoceptor 


blockade.*! In contrast, in this acute model, the effects 
of verapamil on vascular tissue predominate, resulting 


in afterload reduction and increases in cardiac output; : 


nonetheless, hepatic blood flow decreases as plasma 
concentrations increase and the clearance of the 
declines to an equivalent degree.?^ At higher plasma 
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FIGURE 6. Cardlovascular effects resulting from the addition of low 
doses of propranolol during verapamil Infusion irr anesthetized, in- 
strumented dogs (series lil; n = 3). Values are given as mean + standard 
error of the mean; data points represent observations at 10-minute _ 
intervals throughout both study pu See Table VI for results of. 

statistical analysis. 
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levels of verapamil, negative inotropic effects occur and 
liver blood flow is depressed even further.?? The change 
in liver blood flow occurring with augmented cardiac 
output may result from the indiscriminate vasodilator 
effects of verapamil, with a redistribution of blood flow. 
In either event, continuing administration of verapamil 
after institution of 9-adrenoceptor blockade inevitably 
resulted in higher plasma drug levels and enhanced drug 
effects in circumstances in which the rate of drug 
elimination had been decreased. 

From our data, we calculated the hepatic intrinsic 
clearance for both propranolol (Table III) and verapa- 
mil (Tables IT to V); this is a theoretical term that esti- 
mates the ability of the liver to remove drug by metab- 

olism in the absence of any flow restrictions^* and can 
be used to estimate whether the metabolic capacity of 
the liver has been affected by changes in the study 
model. Significant changes in the calculated intrinsic 
clearance of verapamil were seen during experiments 
in series III. To further document this finding, we 
studied the ability of the 9,000 X g supernatant fraction 
of rat liver homogenates to metabolize verapamil, both 
alone and after preincubation with propranolol. No 
effects occurred at lower concentrations of verapamil, 
but at higher concentrations, preincubation with the 6 
blocker reduced the metabolic elimination rate of 
verapamil. Both propranolol and verapamil are me- 
tabolized by cytochrome P-450 enzyme systems,’ so 
substrate inhibition is possible. The in vitro effects seen 
in these experiments were not sufficiently great to in- 
dicate any major contribution to the propranolol- 
verapamil interaction of metabolic alterations, and as 
such, would indicate that the interaction derives pri- 
marily from the hemodynamic effects of both agents on 
liver blood flow. 

Relevance to clinical studies: Several studies with 
patients have sought to confirm the safety of combined 
administration of propranolol and verapamil. These 
studies generally have involved patients without sig- 
nificant impairment in ventricular function, and the 
protocols involved doses of both verapamil and pro- 


je 
Ol 


EN 
O 


FIGURE 7. The effect of propranolol on the metabolism of 
verapamil (V) by rat liver 9,000 X g supernatant fractions, 
which were either left untreated (control) or preincubated for 
10 minutes with 100 ng/ml or 1,000 ng/ml of propranolol 
before additlon of verapamil. The elimination rates of vera- 
pamili in the treated 9,000 X g homogenates were compared 
with those in the controls by unpaired t test, * p <0.05; ** p 
<0.01. 
i 


ELIMINATION RATE (umol/g/10 min) 


pranolol that were either fixed or below the higher range 
of clinical doses generally used. Because both agents are 
subject to high first-pass extraction, plasma levels after 
oral dosing are widely variable; it is therefore likely that 
drug levels adequate to produce the types of hemody- 
namic effects found in our experiments were not pro- 
duced. In addition, the plasma level-response relation 
for verapamil after oral drug administration is less steep 
than with intravenous dosing? so that the plasma 
level—dependent nature of the effects reported here can 
be extrapolated only qualitatively to the circumstances 
existing with oral drug dosing. Nonetheless, verapamil 
dosing can produce effects after oral administration 
similar to those seen with intravenous dosing, provided 
sufficient drug is given.1? Therefore, in subjects given 
large enough doses of propranolol and verapamil orally, 
hemodynamic and pharmacokinetic effects similar to 
those reported in these animal studies may be expected 


to occur. 


Further evidence for this position can be derived from 
the clinical study reported by Packer et al.!6 In patients 
with angina who were given doses of propranolol suffi- 
cient to produce stable plasma concentrations well 
&bove the range associated with significant degrees of 
cardiac -adrenoceptor blockade, progressively in- 
creasing oral doses of verapamil resulted in progres- 
sively greater degrees of negative inotropic activity; 
when the 8 blocker was halted and plasma concentra- 
tions declined but verapamil administration continued, 
the depression in left ventricular pump function dis- 
appeared. In addition, the plasma levels of verapamil 
found in this study were only modest compared with 
those found in other groups of patients receiving doses 
in the usual clinical range.?? 

Clinical implications: The present studies show that 
when propranolol and verapamil are given in doses 
sufficient to produce significant hemodynamic effects, 


the combination can result in profound hemodynamic 


and electrophysiologic toxicity. These effects appear to 
be dose-dependent and plasma level-dependent in the 
acute experimental model used here. Clinical studies 
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of combinations of propranolol and verapamil may have 
used doses of 1 or both drugs insufficiently large to 
produce the hemodynamic effects seen in this study. If 
patients were given this drug combination, and signif- 
icant hemodynamic effects were produced, both the 
additive (or synergistic) toxic hemodynamic and elec- 
. trophysiologic effects might be seen. In addition, the 
drug combination may appear to be well tolerated ini- 
tially, but during continuing administration, reductions 
in hepatic clearance may permit increasing plasma 
‘concentrations of 1 or both drugs and result in signifi- 
cantly enhanced drug effects or toxicity. Therefore, use 
_of propranolol and verapamil in combination should be 
approached with caution, and lower doses of each used 
when the 2 agents are given together. 
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Appendix 


In all experiments where conditions for steady state were 


met, the following variables were calculated for verapamil or 
propranolol, from arterial plasma drug concentration (C,) and 
hepatic venous drug concentration values (Cy): 


Systemic clearance (Cl) = (rate of infusion)/(C,) 
Hepatic extraction (E) = [(Ca — Cn,)/(C4)] X 100 
Hepatic instrinsic clearance (14) = (CI)/(1 — E) 


Apparent hepatic plasma flow (Q) 


= (rate of infusion)/(C, — Chy) 
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Usefulness of a Free Radical Scavenger in Preventing 
Doxorubicin-Induced Heart Failure in Dogs 


DONALD V. UNVERFERTH, MD, CARL V. LEIER, MD, STANLEY P. BALCERZAK, MD, 
and ROBERT L. HAMLIN, DVM 


This study was designed to investigate whether el- 
ther of 2 dosage schedules of N-acetylcysteine 
(NAC) was effective In preventing chronic doxoru- 
bicin-induced heart fallure in dogs. Thirty-elght dogs 
were randomly assigned to 1 of 4 groups: controls, 
10 dogs; doxorubicin only, 12 dogs; doxorubicin + 
low dose NAC, 8 dogs; and doxorubicin + high dose 
NAC, 8 dogs. All dogs except the controls received 
1 mg/kg of doxorubicin weekly for 8 weeks and then 
every other week for 8 weeks. The doxorubicin + 
low-dose NAC group received 140 mg/kg of NAC 30 
minutes before each dose of doxorubicin. The dox- 
orubicin + high-dose NAC group received NAC 
before and then twice a day for 5 days. Systolic time 
intervals and echocardiograms were obtained 
weekly; cardiac catheterization was performed at 
the conclusion of the study. Of the 38 dogs in the 


Despite knowledge of its cardiotoxicity, doxorubicin 
continues to be an important chemotherapeutic agent. 
Attempts to prevent doxorubicin cardiomyopathy have 
included the use of antidotes,!-? alteration of the dox- 
orubicin molecule*-$ and changing the dosage sched- 
ule;^? the last has been most successful. The mechanism 
of doxorubicin's tumor kill and cardiac toxicity 1s not 
clear, although several studies have demonstrated that 
doxorubicin generates free radicals,?!° which may me- 
diate doxorubicin cardiotoxicity." Although several free 
radical scavengers have been used without successfully 
preventing heart failure in animals or humans,1?14 an 
appropriate dosage schedule of these scavengers may 
not have been used. This study investigates 2 dosage 
schedules of the free radical scavenger N-acetylcysteine 
(NAC), using recent information on the pharmacoki- 
netics of doxorubicin and NAC. The purpose was to 
determine if either NAC dosage schedule was effective 
in préventing chronic doxorubicin-induced heart failure 
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study, 9 died; all deaths were in the doxorubicin 
treatment groups. The Incidence of death was not 
different between the doxorubicin-only, the doxo- 
rubicin + low-dose and the doxorubicin + high-dose 
NAC groups. The noninvasive and the invasive and 
the catheterization data generally revealed poorer 
cardiac function of the doxorubicin treatment groups 
than in controls. However, no significant differences 
existed between the doxorubicin-only and doxoru- 
bicin + low-dose and doxorubicin + high-dose NAC 
groups. In conclusion, NAC in a low- or high-dose 
regimen did not significantly ameliorate doxorubicln 
cardiac toxicity. Because NAC Is a free radical 
scavenger, perhaps doxorubicin cardiac toxicity Is 
not a result of free radical generation. 


(Am J Cardiol 1985;56:157-161) 


Methods 


Subjects: Thirty-eight mixed-breed dogs that weighed 12 
to 20 kg were randomly assigned to 1 of 4 groups: control, 10 
dogs; doxorubicin-only, 12 dogs; doxorubicin + low-dose NAC, 
8 dogs; and doxorubicin + high-dose NAC, 8 dogs. All dogs 
were quarantined for 10 days to preclude the presence of in- 
fectious diseases. Each dog entered into the study had normal 
findings on physical examination and normal noninvasive 
(echocardiogram and systolic time interval) tests of left ven- 
tricular (LV) function. 

Protocol: In each dog in all 4 groups, systolic time intervals 
were measured and echocardiography was performed at 
baseline and then repeated at weeks 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 
14, 16 and 18. For treatment groups doxorubicin, doxorubicin 
+ high-dose and doxorubicin + low-dose NAC, doxorubicin 
at a dose of 1 mg/kg was administered intravenously over a 5- 
to 10-minute period of weeks 1, 2, 3, 4, 5, 6, 7, 8, 10, 12, 14 and 
16. The noninvasive tests were performed immediately before 
dosing and 2 weeks after the last dose (week 18). In all sur- 
viving dogs cardiac catheterization was performed at week 18. 
The doxorubicin + low-dose NAC group received an intra- 
venous injection (over 5 to 10 minutes) of NAC (140 mg/kg) 
30 minutes before each dose of doxorubicin. The doxorubicin 
+ high-dose NAC group received 5 days of NAC around each 
dose of doxorubicin. The first dose of NAC to the doxorubicin 
+ high-dose NAC group was given as 100 mg/kg intravenously 
30 minutes before each dose of doxorubicin; the remaining 
NAC was administered orally in capsules at a dose of 100 
mg/kg twice a day for 5 days. 

Noninvasive tests: The echocardiogram was the nonin- 
vasive test used to monitor LV function. The dogs were awake 
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and unsedated; variables measured were the heart rate, the 
decrease in LV diameter from diastole to systole and the 
systolic time intervals. The systolic time intervals included 
preejection period and LV ejection time. The ratio of pre- 
ejection period to LV ejection time was used as an index of LV 
performance.!® The preejection period was corrected for heart 
rate. 16 

Invasive studies: LV function was also determined by 
cardiac catheterization at the completion of the study (week 
18). The dogs were anaesthetized with Inovar Vet® (2 ml) and 
sodium pentobarbital at a dose of 6 mg/kg, intubated with a 
cuffed endotracheal tube and respiration was supported me- 
chanically with a Harvard apparatus 607A respirator. For 
catheterizations in the closed-chest dogs a Statham P-23 Db 
transducer and an Electronics for Medicine VR12 recorder 
were used. The first derivative of peak rate of change of LV 
systolic pressure (dP/dt max) was recorded. A triple-lumen 
Swan-Ganz thermodilution catheter was passed to the pul- 
monary artery and an Instrumentation Laboratory 601 com- 


puter and 602 recorder were used for the determination of . 


cardiac outputs. At least 6 measurements were made in each 
dog. 

Fibrous content: Immediately after each catheterization 
and with the dogs still under general anesthesia, a thoracot- 
omy was performed in the left fourth intercostal space and the 
heart was suspended in the pericardial sac. À Travenol Tru- 
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Cut* needle was used to obtain a transmural biopsy core from 
the LV free wall. The biopsy samples were submerged in 10% 
formalin. 

After fixation the tissue was embedded in paraffin and 
sections (3 to 5 um thick) were stained by Masson's trichrome 
stain.!? The amount of fibrosis per area was quantified using 
a grid of 243 crosspoints laid on each area at a magnification 
of 400x. Three microscopic fields were evaluated for the 
subendocardium and subepicardium. The percentage of fi- 
brosis was determined according to the stereologic techniques 
of Weibel.18 The microscopist was blinded to the group of the 
dogs. 

Statistical analysis: The results of the final systolic time 
interval and echocardiographic measurements, cardiac 
catheterization, cardiac outputs and fibrosis counts were 
compared between the groups by Student ¢ test for unpaired 
data. In addition, the serial noninvasive studies of cardiac 
function were analyzed by a nonparametric technique. The 
2-sample Mann-Whitney rank statistic was used to compare 
the groups. 


Results 


Deaths: Of the 38 dogs entered into the study, 9 died. 
None of the controls died, but 4 of 12 in the doxorubi- 
cin-only group (33%), 2 of 12 in the doxorubicin + low- 


FIGURE 1. Echocardiography was performed at baseline, 
then weekly for 8 weeks and every other week thereafter. 
Change from baseline In mean percent of left ventricular 
dlameter with systole (% AD) for each group. No differ- 
ence between the groups was recorded. The last mea- 
surement was made at week 18 of the study. NAC = 
N-acetylcysteine. 


FIGURE 2. Change from baseline of the ratio of pre- 
ejection perlod to left ventricular ejection time ratio 
(PEP/LVET). During the course of the study, values In the 
3 treatment groups changed significantly compared with 
those of the control group, but not from each other. NAC 
= N-acetyicysteine. 


FIGURE 3. Change of preejection period Index (PEPI). The 
PEPI in the doxorubicIn-only group and the doxorubicin 
+ high-dose NAC group changed significantly compared 
with the value In the contro! group. PEPI in the doxorubicin 
+ low-dose NAC group was not significantly different 
from that the doxorubicin-only or the control groups. NAC 
= N-acetylcysteine. 
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dass NAC group (25%) and 3 of 8 in'the dexordbicn à 
high- dose NÀC (3795) group died suddenly in their cages 
between weeks 14 and 18 of the study. The doxorubi- 
cin-only, doxorubicin + high-dose and doxorubicin + 
low-dose group deaths were significantly different (p 
<0.05) from the controls but not from each other. 
Catheterization data were based on 10 controls, 8 dox- 
otubicin- only, 6 doxorubicin + low-dose and 5 doxo- 
rubicin + high-dose NAC dogs. Tissue for fibrosis 
counts was recovered from 10 controls and 9:doxorubi- 
ciffonly, 6 doxorubicin + low-dose NAC and 7 doxo- 
rubicin + high-dose NAC dogs. 

iNoninvasive studies: The results of the serial non- 
invasive studies are shown in Figures 1, 2 and 3. The 
mean percent change of LV diameter with systole was 
38% for the 38 dogs at baseline (Fig. 1). There was a 
general decline of function of all 4 groups, but the 
changes were not different from one group to another. 
The mean ratio of preejection period to LV ejection time 
of the 4 groups was 0.36 (Fig. 2). The systolic time in- 
tervals showed no deterioration in the control group, but 
did deteriorate over the course of the study in the 
treatment groups, and these changes were significantly 
different from control values but did not differ among 
the treatment groups. The mean preejection period 
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| 

FIGURE 4. Comparison of the groups’ 
last inoninvasive tests before death. 
Because of the early death of some of ` 
the dogs, some of these tests were last 
done at week 12, 14 or 16 rather than 
at week 18, C = control; Dox = doxo- 
rubidin; D + Lo N = doxorubicin + 
low-dose N-acetylcysteine; D+HN= 
doxorubicin + high-dose N-acetylcys- 
teine, other abbreviations as in Figures 
1,2 and 3. 


FIGURE 5. Findings at catheterization done at week 18. 
in each case, the treated groups were significantly dif- 
ferent from the control group (C) but not from each other. 
BP — blood pressure; LV = left ventricular; other ab- 
breviatlons as In Figure 4. 
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index of the 4 groups at baseline was 59 ms. This also 

_deteriorated in the doxorubicin-only and doxorubicin 
+ high-dose NAC groups (Fig. 3), while values in the 
doxorubicin + low-dose NAC group were not signifi- 
cantly different from those in the doxorubicin-only or 
control groups. The comparison of the 4 groups’ last set 

_of noninvasive study results before death is shown in 
Figure 4. The treatment groups were all significantly (p 
<0.05) different from the control group but not from 
each other. 

Catheterization and histologic data: The results 
of the catheterizations for the 4 groups are shown in 
Figure 5. The mean systemic blood pressure was sig- 
nificantly decreased and the mean pulmonary capillary 
wedge pressure was increased in the 3 treatment groups 
compared with the control values. The maximum LV 
systolic dP/dt max was significantly depressed, as was 
the cardiac index in the 3 treatment groups. In all of 
these measurements no difference existed between the 
treatment groups. | 

The percent subendocardial and subepicardial fi- 
brosis is shown in Figure 6. The doxorubicin only and 
the doxorubicin + low-dose NAC groups had signifi- 
cantly greater fibrosis than the control group in both the 
endocardial and epicardial third of tissue. The suben- 
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 docardial nE of the doxorubicin + high-dose NAC 
group was significantly less severe than that in the doxo- 
 rubicin only and doxorubicin + low-dose NAC groups. 


Discussion 


. This study shows that 8 weekly injections of doxo- 
 xubicin, followed by 4 every other weekly doxorubicin 
. injections, 1 mg/kg, can induce heart failure in dogs. 
This heart failure is characterized by increased LV 
filling pressures, decreased systemic pressures and de- 
creased cardiac output. In addition, myocardial ino- 


tropy as represented by the preejection period index and . 


the systolic dP/dt max is impaired by doxorubicin. The 


' . serial cardiac function studies showed that the devel- 


‘opment of heart failure is slowly progressive over the 
first 8 courses and then rapidly progressive during the 
last weeks of the treatments. Of the 28 dogs receiving 
doxorubicin, 9 (82%) died suddenly. Most of these 9 had 
_ an impressive decrease of cardiac function in the 2 
weeks prior to their demise. Despite the relatively short 
course of the study (18 weeks) the doxorubicin-treated 
. dogs developed significantly greater fibrosis in the LV 
‘gsubendocardium and subepicardium than the control 
group. This characteristic of doxorubicin cardiotoxicity 
has been reported previously.19,20 
Effects of N-acetylcysteine: NAC is an indirect free 
radical scavenger. It repletes glutathione, which directly 
scavenges free radicals through the enzyme glutathione 
peroxidase. NAC is effective, as shown by its ability to 
prevent ifosfamide-induced cystitis,^! lessen the hepatic 


damage of an acetaminophen overdose,?? decrease the ` 


skin damage from radiation therapy?? and ameliorate 
pathophysiologic changes in the endotoxin model of the 
adult respiratory distress syndrome in sheep.?* NAC can 
prevent some of the acute toxicity of doxorubicin; NAC 
prevents the doxorubicin-induced inhibition of guan- 
. ylate cyclase. A dose of 100 to 140 mg is optimal in the 
acute prevention of doxorubicin damage; a smaller dose 
is inadequate and higher doses paradoxically increase 
 freeradicale.|? — . 

Effective plasma levels of NAC persist for 8 to 12 
v hours 26 However, doxorubicin may continue to induce 
'. myocardial damage for 5 days.?' Thus, the present study 
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investigated 2 dosage regimens of NAC. In the first 
regimen, NAC was given at a dose of 140 mg/kg 1 time 
before each dose of doxorubicin, the dose found effective 
in acute studies. In the second regimen, NAC was ad- 
ministered intravenously before dosing and then orally . 
twice a day for 5 days. Despite the use of these 2 regi- 
mens, no consistent effect in reducing doxorubicin in- 
duced heart failure was discovered. 

The low-dose regimen was associated with a trend to 
decrease cardiac toxicity.by noninvasive studies that 
was not confirmed at catheterization or by fibrósis 
counts. The regimen of treatment twice daily for 5 days 
had no effect on doxorubicin-induced heart failure. The - 
lesser fibrosis noted in this group was not translated into 
better function studies as indicated by noninvasive and | 
invasive measurements. 

Implications for doxorubicin cardiotoxicity: The 
first assumption of our study was that NAC acts asan - 
adequate free radical scavenger; this assumption is 
supported by several studies. The radioprotective action 
of chemical agents containing a sulfhydryl moiety has 
long been recognized.?? Sulfhydryl- -containing com- 
pounds also protect against certain drug injuries be- 
lieved to. be mediated by free radicals.?? The second 
assumption was that NAC is available in the plasma and 
myocardium after oral or intravenous administration; 
the plasma availability is supported by the phar- 
macokinetic studies of Morgan et al.26 Doroshow et a139 
demonstrated that NAC penetrates into the myocar- 
dium by noting the 4-fold iricrease in cardiac non-pro- 
tein sulfhydryl content measured 1 hour after NAC 
administration. 

The inability of either regimen to prevent donb 
cin-induced heart failure implies that NAC is not an 


adequate scavenger, that the dosage schedules are still 


inadequate or that cardiac damage is not a result of free 
radicals. Because of the previously cited reports we favor 
the conclusion that free radicals are not the most im- 
portant mediator of doxorubicin-induced cardiac 
damage. 

Alternative pathway of cardiac damage: Although 
doxorubicin may damage cells by several mechanisms, 
previous studies have shown that the anthracyclines 


FIGURE 6. The percent fibrosis, shown on the vertical 
axis, in the endocardial and epicardial third of tissue from 
the left ventricular free wall. Dox and D + Lo N groups had 
more fibrosis than the control (C) and the D + Hi N groups. 
Abbreviations as In Figure 4.. 
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intercalate with DNA. 31 Recent seer T microscopic. 


studies have elucidated the nuclear degenerative effects. 
of doxorubicin,>? and light microscopic studies have. 


shown that cells damaged by doxorubicin cannot un- 


dérgo the normal hypertrophic response to.stress.!? . 
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m ;. Mimnaugh EG, Siddik ZH Drew.R, Sikic Bl, Gram TE. The effects of a- 


. Thus, the myocardial nuclear effects of doxorubicin are. 


profound and probably important in chronic heart . 
failure. The next therapeutic ploy must somehow in- . 
terrupt the doxorubicin-induced myocardial nuclear | 


d 


age. 
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. The effect of basic pacing cycle "ueram node 
refractoriness was Investigated. In 18 rabbit right - 
-atrlal preparations, the sinus node ‘effective re- - 


fractory period (SNERP) was measured at multiple 


.'basic pacing cycle lengths. in 14 -experiments 


SNERP was measured at basic pacing cycle lengths 


of 400, 350 and 300 ms. The mean SNERP (+ 
standard deviation) prolonged from 168 + 31 ms at 


: 400-ms to 181 + 37 ms at 350 ms to 196 + 40 ms at 


'400.ms (p <0.001). To rule out the possibility that 


' -rapid stimulation might release acetylcholine and 


thus prolong Iétractonness. 4 more experiments | 


t 


Until recently no method existed for the € s 
. of refractoriness in sinus node tissue. Refractoriness in |. 


most cardiac tissues is measured by recording electrical 
activity proximally and distally to that tissue in ré- 
sponse to premature stimuli. In the sinüs node, atrial 
stimuli are conducted rétrogradely toward the sinus 


were conducted in the presence of atropine. (2 x | 


10 9' M), and similar results were obtained. The. ` | 
spatial orientation:of refractoriness was examined. — 


.. In 7 experiments. At the same premature Interval, 


shorter basic pácing cycle lengths.resulted In block 
of the premature impulse at a greater distance from 
the sinus node. Therefore, in sinus node tissue re-. 
fractoriness increases with shortening of basic 


. pacing cycle length, a response similar to that of the 


- node, which is engulfed by the approaching wavefront’ _ 


. and'is depolarized last.! Therefore, electrical activity 
.cannot be measured distally to the sinus node and: 


conventional definitions of refractoriness: cannot be 
applied. 
. By observing atrial return cycles after atrial prema- 


node refractoriness. 2 Late premature beats enter and 
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` ture beats, we established a method of measuring sinus ` 


1R? 


atrloventricu'ar: node. 
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depolarize the sinus node resulting in a reset return 


~ response. Early premature beats, in contrast, may be 


blocked en route to the sinus node, presumably due to. 


encroachment on refractoriness of the sinus node, and ` | 
- the premature beat is interpolated. 3-13 In a previous 
study we showed that the transition from the zone of . 


reset to the zone of interpolation coincided with the 
abrupt fall of action. potential amplitude in the primary 
pacemaker site of the sinus node. We defined the ef- 
fective refractory period of the sinus‘node (SNERP) as  . 
the longest premature interval that regults in interpo- Š 
lation. 
We recently reported the ability to measure SNERP ee 
in humans and suggested its measurement as a means ` 
of identifying patients with sinus node dysfunction. ' 


"To evaluate further its value as a diagnostic tool, normal 


values, must be established at different basic pacing : 


cycle lengths. Thus, the effect of basic cycle length on .. 


SNERP requires definition. Atriosinus conduction 
shows decremental properties that are analogous to 
properties of atrioventricular nodal conduction.2:19-17 
Other investigators have examined the effects of- 


changes in basic pacing cycle length on refractoriness * 


in ventricular and atrial tissue, His-Purkinje system and — | 


the atrioventricular node.'* 18-25 This "i was ore x 


r 
“ok 


! 
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to investigate the effects of changes in basic pacing cycle 
length on SNERP in an in vitro preparation of rabbit 
right atrium. 


Methods 


Procedure: Young rabbits that weighed 1.5 to 2.0 kg were 
anesthetized with pentobarbital (35 to 40 mg/kg), heparinized 
and killed by air embolization. A preparation of sinus node, 
crista terminalis and surrounding right atrium, with the 
atrioventricular node excluded, was pinned to the wax-covered 
botfom of a Lucite® chamber and superfused with oxygenated 
Tyrode’s solution, the temperature of which was held constant 
at 35.6 + 0.5°C. The modified Tyrode’s solution had the fol- 
lowing composition (in mM): NaCl, 130; KCl, 4.0; NaH» POg, 
1.8; CaClo, 2.7; MgCle, 0.5; and dextrose, 5.5; NaCHOs, 18.0 
in deionized water. The solution was gassed with a mixture 
of 95% Os, 5% COs, and a pH of 7.2 to 7.3 was achieved in the 
bath. 

Two fine bipolar electrodes were placed on the crista ter- 
minalis to record an atrial electrogram and to stimulate the 
atrium. Glass microelectrodes filled with 3 M KCl and with 
tip resistances between 15 and 30 megaohms were used to 
record transmembrane action potentials. The pacemaker site 
of the sinus node was impaled with the microelectrode and was 
identified by an action potential that showed diastolic depo- 
larization, gradual transition to a slow upstroke of the action 
potential, and the longest conduction time to the crista ter- 
minalis exceeding 25 ms. Surface crista terminalis electrogram, 
transmembrane action potential and time lines were recorded 
on a Gould pen recorder at paper speeds of 50 to 100 mm/s. 

SNERP was recorded using the following technique. The 
crista terminalis was paced using a programmable stimulator 
(WPI Instruments, Inc.) for 10 beats at a basic cycle length, 
after which a premature beat was introduced scanning atrial 
diastole in 10-ms decrements. In all cases attempts were made 
to perform refractory periods at basic pacing cycle lengths of 
400, 350 and 300 ms. The order of performing the different 
basic cycle lengths was varied to rule out fatigue as a cause of 
changes in refractory periods. In some cases refractory periods 
could be performed only at longer cycle lengths. Only exper- 
iments in which 2 cycle lengths were used were included in this 
study. 

In 7 experiments the microelectrode was moved toward the 
crista terminalis in steps of 100 to 200 um and the refractory 
periods were performed at 3 cycle lengths. Basic cycle lengths 
of 400, 350 and 300 ms were most frequently used, although 
in 1 case cycle lengths of 400, 350 and 320 ms were used due 
to atriosinus block at 300 ms. A single microelectrode was used 
in each experiment. 

In 4 experiments atropine (2X 1079 M) was added to the 
superfusate and refractory periods measured at cycle lengths 
of 400, 350 and 300 ms. This was done to eliminate the possi- 
bility that more rapid pacing would release acetylcholine and 
affect: refractoriness. 

Data analysis: For each pacing train the crista terminalis 
(CT) and corresponding intracellular action potentials were 
defined: CT,—regularly paced CT depolarization; CTg— 
prem ure CT depolarization; CT3—first spontaneous CT 
depolarization following CT5; and AP,, APs, APs—corre- 
sponding intracellular action potentials. 

The|following intervals and amplitudes were measured: 

Premature interval—the interval, CT,CT»s, between the 
last regularly paced and the premature CT depolarizations. 

Recovery interval—the interval, CT.2CTs, between the 
premature depolarization and the first spontaneous recovery 
CT depolarization 


Relative action potential amplitude—amplitude of the 
action potential was measured from the takeoff potential to 
the peak of the action potential. The takeoff was identified 
by the intersection of the tangents drawn through the line of 
diastolic depolarization and the upstroke of the action po- 
tential. The amplitude of AP» was then expressed as a ratio 
of AP, and the resulting relative amplitude of AP% thus varied 
between 0 and 1.0. 

Action potential duration— duration of the regularly paced 
action potential (AP) was measured from the point of takeoff 
to the point of 90% repolarization. The recovery interval 
(CTgCTs3) and the relative action potential amplitude were 
plotted against the premature interval (CT CT») at éach cycle 
length. SNERP was defined as the longest premature interval 
that was interpolated (either incompletely or completely). 

Statistical methods: In the 14 experiments in which 
SNERP and action potential duration could be measured at 
basic pacing cycle lengths of 400, 350 and 300 ms, statistical 
analysis was performed using analysis of variance. Changes 
in SNERP between cycle lengths were compared with changes 
in action potential duration between the same cycle lengths 
using linear regression analysis. In experiments in which the 
microelectrode was moved to the crista termina]is, relative 


amplitude was plotted against the distance from the sinus 


node for specific premature intervals. The values were fit by 
computer using a standard nonlinear régression program to 
a sigmoid function with the equation: y = (X^ + B)/(X4+C), 
where A, B, and C were the variables to he optimized. 

The goodness of fit was expressed as the coefficient of de- 
termination, r*. At the same premature intervals, curves 
constructed at the 3 basic cycle lengths were compared sta- 
tistically. The sum of squares of the pooled data for all 3 curves 
was compared with the sum of squares of individual curves 
and the reduction in the.sum of squares was tested for sig- 
nificance using an F test. When differences were noted among 
the 3 curves the procedure was repeated between all pairs. The 
p values were adjusted accordingly. 


Results 


In all 18 experiments in which SNERP could be 
measured at more than 1 basic cycle length, SNERP 
increased with shortening of the basic pacing cycle 
length (Table I). In all cases the SNERP coincided with 
the rapid fall of the relative amplitude of the action 
potential (AP5/AP4) in the primary pacemaker site (Fig. 
1 and 2). 

In the 14 cases where the SNERP was measured at 
cycle lengths of 400, 350 and 300 ms, the mean SNERP 
prolonged from 168 + 31 at 400 ms to 181 + 37 ms at 350 
ms to 196 + 40 ms at 300 ms. The differences between 
all of these sets of values were highly significant (p 
<0.001 for all comparisons). The magnitude of the 
change in SNERP from 400 to 350 ms was not different 
from that between 350 and 300 ms (p >0.5). In 6 ex- 
periments SNERP could be measured at more than 3 
basic pacing cycle lengths (4 to 6). In these cases, 
shortening of the basic pacing cycle length resulted in 
prolongation of refractoriness. In some cases SNERP 
did not change between consecutive basic cycle lengths, 
but in all SNERP prolonged over the range of basic 
cycle lengths used. In no case did SNERP decrease be- 
tween consecutive basic lengths. Figure 3 is an example 
of measurement of SNERP at 6 cycle lengths ranging 
from 400 to 250 ms. The SNERP, as assessed both by 
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TABLE! Refractory Perlod Determination at Multiple Pacing Cycle Lengths (No Drugs) 


SNERP at Basic Cycle Length (ms) 

Experiment 500 450 400 350 320 300 270 | 250 
1 180 170 180 190 210 
2 150 160 175 180 195 215 
3 150 160 180 
4 150 160 170 200 
9 230 250 260 
6 120 130 140 160 
7 180 200 225 225 245 
8 150 160 170 $ 
9 150 160 160 

10 140 140 150 
11 200 230 260 
12 230 250 270 
13 160 170 180 
14 170 180 190 
Mean i: SD 168 + 31 181 + 37 196 + 40 
15 150 150 160 190 200 
16 230 260 
17 240 260 280 
18 180 190 


Statlstlcs for 1 to 14: 400 vs 350, p «0.001; 350 vs 300, p «0.001; 400 vs 300, p «0.001. 
SD = standard deviation; SNERP = effective refractory period of the sinus node. 


the transition from the zone of reset to the zone of in- 
terpolation and by the rapid decline in relative action 
potential amplitude showed progressive prolongation 
from 150 to 215 ms. In the 4 experiments in which at- 
ropine was added to the superfusate, SNERP increased 
in duration when the basic pacing cycle length was 
shortened (Table II). An example is shown in Figure 
4, 
The duration of the regularly paced action potential 
(APD) was analyzed in the 14 experiments in which 
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SNERP was measured at cycle lengths of 400, 350 and 
300 ms. In all cases the APD increased over the range 
of the 3 basic pacing cycle lengths used. T'he mean APD 
increased from 151 + 20 ms at 400 ms, to 161 + 24 ms 
at 350 ms, to 177 + 32 ms at 300 ms. The differences 
between all groups were highly significant (p «0.001). 
Magnitude of change of APD and SNERP were not 
correlated (r = 0.10 to 0.36). 

In 7 experiments the relation of the relative ampli- 
tude of the premature action potential (AP2/AP,) was 
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FIGURE 1. Sinus node effective refractory perlod (SNERP) measured at basic pacing cycle lengths (CL) of 400, 350 and 300 ms (experiment 13). 
The SNERP (solid arrows) Is shown as the sudden shortening of the return crista terminalis response (CT2CT4) as the premature beats (CT2) become 
` Interpolated (top). The SNERP corresponds to the sudden fall in relative amplitude of the actlon potential (AP./AP,) (bottom). SNERP prolongs from 
160 ms at a basic drive of 400 ms to 180 ms at a basic drive of 300 ms. Atrial effective refractory perlods are indicated by the broken arrow. 
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analyzed as a function of distance from the sinus node 
to allow an insight into the spatial orientation of re- 
fractoriness at various basic pacing cycle lengths. At 
specific premature intervals AP2/AP; was plotted as a 
function of distance from the sinus node for each basic 
pacing cycle length. Thus, at each premature interval 
3 curves were generated. In all cases the coefficient of 
determination, r? was >0.85. 

In Figure 5, premature intervals of 240, 220 and 200 
ms were analyzed at basic cycle lengths of 400, 350 and 
32(* ms. At all of these premature intervals the curve for 
a basic cycle length of 400 ms was above the curve for 
350 ms, which was above that for 320 ms. 'T'he curves 
were closely superimposed at the crista terminalis and 
became progressively more disparate as the sinus node 
was approached. The fall in the amplitude of the action 
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FIGURE 2. Effect of changes In basic cycle length (CL) on action po- 
tentlal (AP) amplitude (experiment 3). A premature interval (CT4CT;2) 
of 170 ms Is shown In the left panels and a premature Interval of 160 
ms is shown in the right panels at basic pacing CLs of 400, 350 and 300 
ms. In each panel a surface electrogram from the crista terminalis (CT) 
is shown on the top and a transmembrane AP Is shown on the bottom. 

Ata basic CL of 400 ms, the relative amplitude of the premature beat 
is 0.96 for CT,CT, = = 170 ms and 0.92 for CT-CT = 160 ms. The retum 
CT Intervals (CT2CT3) are full reset responses. The SNERP at this basic 
CL was|150 ms. At a basic CL of 350 ms the relative amplitude of the 
premature AP Is 0.85 for CT,;CT2 = 170 ms and 0.04 for CT4CT2 = 160 
ms. The return Intervals are 600 and 460 ms, respectively, showing the 
abrupt transition from reset to interpolation of the premature beat 
(SNERP -- 160 ms). At a basic CL of 300 ms both relative amplitudes 
are 0 and both return intervals are Interpolated (SNERP = 180 ms). SN 
= sinus node. 
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TABLE il Refractory Period Determination at Multiple 


Pacing Cycle Lengths In the Presence of 
Atropine (2 X 1079 M) 


SNERP at Basic Cycle Length (ms) 


Experiment 400 350 300 


19 190 200 

20 250 270 290 
21 140 140 160 
22 190 210 240 


SNERP = effective refractory period of the sinus node. 


potential reflected the site of block of the propagated 
action potential. Thus, at the same premature interval 
shorter basic cycle lengths resulted in block of the action 
potential farther from the primary pacemaker site of the 
sinus node. The other 6 experiments showed qualita- 
tively similar results. 


Discussion 


Previous studies in animals!972023-25 and man?!22 
have investigated the effects of changes in basic cycle 
length on refractoriness in various cardiac tissues. In 
atrial, ventricular and His-Purkinje tissue, effective and 
functional refractory periods shortened with shortening 
of the basic pacing cycle length. In these tissues the 
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FIGURE 3. Sinus node effective refractory perlods (SNERP) at 6 basic 
pacing cycle lengths (CL). SNERP was assessed by change in return 
crista terminalis cycles (CT2CT3) on the left and by fall In relative action 
potential amplitude (AP2/AP,) on the right. Over a range of basic pacing 
CLs from 400 to 250 ms, SNERP prolonged progressively from 150 to 
215 ms (experiment 2). 
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changes in refractoriness were paralleled by changes in 


action potential duration. In the atrioventricular node 
. the effective refractory period prolonged with de- 
. creasing basic cycle length whereas the functional re- 
fractory period shortened. Unlike the other tissues, the 
' duration of the action potential did not parallel the re-. 
fractory period and this gap tended to widen with de- 
‘creasing cycle length.^6 
In this study we have shown the effects of changes in 
- basic cycle length on sinus node refractoriness. Short- 
ening of basic pacing cycle length caused a prolongation 
of refractoriness, suggesting a response similar to the 
atrioventricular node and opposite to atrial and ven- 
tricular muscle. Because of the possibility that more 
rapid stimulation releases acetylcholine in the region 
of the sinus node, atropine was added to the superfusate 
-and the same response was observed. This would indi- 


cate that the observed response was a result of the direct ` 


effect of the variable cycle length on refractoriness of 
' the sinus node unit. Analysis of spatial orientation of 
refractoriness indicated that at the same premature 
‘intervals, a shorter basic pacing cycle length caused 
block of the premature stimulus at a site more distant 
from the node. 


. A decrease in basic pacing cycle length also caused a. 
significant prolongation in the duration of the action. 


^ potential in the primary pacemaker site of the sinus 
node. However, the duration of the action potential did 
` not correlate with SNERP. This observation has been 
. previously made in the atrioventricular node,?9 
. Suggesting that properties other than the duration of 
depolarization contribute to refractoriness. 


The properties of retrograde atriosinus conduction 
undoubtedly play a major role in the determination of 
sinus node refractoriness. Retrograde conduction of 
premature beats and regular rapidly paced beats dem- 
onstrate decremental properties^i?-!17 similar to the 
atrioventricular node. Progressively more premature 
beats conduct with progressively increasing atriosinus 
conduction time and the fall in amplitude of the action 
potential occurs progressively more distant from the 
sinus node.? The effects of conduction cannot be dis- 
sociated from those of the refractoriness of the cells in 
the primary pacemaker site, and this is probably why 
changes in-action potential do not parallel changes in 
refractoriness. Decremental conduction may block the 
impulses before they reach the pacemaker site whereas, 
in fact, the cells in the primary pacemaker may be ex- 
citable if stimulated directly. This is the same problem 
facing evaluation of atrioventricular nodal refractori- 
ness. Consequently, refractoriness in either of these 
structures should be thought of as refractoriness of a 
unit rather than a discrete tissue. 

In the intact animal effects of changes in basic pacing 
cycle length on refractoriness may be highly dependent 
on autonomic control. More rapid pacing may lead to 
fall in blood pressure and a secondary increase in sym- 
pathetic activity. Direct stimulation in the region of the 
sinus node may result in the release of acetylcholine. 
The use of isolated right atrial preparation obviates the 
effects of changes in hemodynamic state. We estab- 
lished that the prolongation of refractoriness with 
shortening of basic cycle length was not dependent on 


- release of acetylcholine by repeating experiments in the 
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FIGURE 4. Sinus node effective refractory perlod (SNERP) at cycle lengths (CL) of 400, 350 and 300 ms In the presence of atropine (2 X 107? M). 
Format is the same as in Figure 1. SNERP Hone from 190 ms at a basic CL of 400 ms to 240 ms at a basic CL of 300 ms. 
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FIGURE 5. Effect of basic pacing cycle length on the spatlal orlentation 
of refractoriness at premature Intervals (CT4CT2) of 240 ms (top), 220 
ms (middle) and 200 ms (bottom). Relative amplitude of the premature 
action potentlal (AP2/AP) is plotted as a function of distance from the 
sinus node (SN) at basic cycle lengths of 400, 350 and 320 ms. At each 
premature Interval the curves are displaced progressively Inferforty with 
shortening of basic cycle length, suggesting block of the actlon potential 
at sites progressively farther from the sinus node. The curves were 
statistically different from one another (p = 0.03 to 0.0001) except for 
cycle lengths of 350 and 320 ms in the bottom panel (p = 0.19). 


1200 CT 


presence of atropine. Extrapolation of these experi- 


ments to man must take into account changes in auto- 


nomic tone. 

The measurement of refractoriness in man may add 
to the measurement of sinus node recovery time and 
sinoatrial conduction time to improve the diagnosis of 
sinus node dysfunction. Because of the indirect nature 
of assessing sinus node function It is important to per- 
form corroborative studies in in vitro experiments. This 
current investigation provides an understanding of the 
effect of changes in basic pacing cycle length on sinus 
node refractoriness, showing that the sinus node be- 
haves in a fashion similar to the atrioventricular 


node. 
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Paul Dudley White: To Know Him Better’ 


J. WILLIS HURST, MD* 


The World Congress of Cardiology will meet in Wash- 
ington, D.C., in 1986. The Congress will honor Paul 
Dudley White, who was born 100 years earlier (Fig. 1). 
Án American postage stamp will be etched with his 
portrait and Oglesby Paul will soon complete a biogra- 
phy about him. Why? Because “You who drink the 
water, do not forget the person who dug the well."'t 

He was an adventurer, a pioneer, a scientist, a phy- 
sician, a teacher, a writer and grammarian, a world 
traveller and lecturer, a diplomat, an organizer, and a 
peace-loving humanist. 

He was intelligent, wise, forever optimistic, energetic, 
enthusiastic, generous, unspoiled, never bored, self- 
confident, meticulous and self-disciplined. His integrity, 
zest for living, and altruism were recognized by all who 
knew him. He gave himself away and enjoyed every 
minute of it. 

Paul White was born in Roxbury, Massachusetts, on 
June 6, 1886. He remembered the first electric light, 
telephone and automobile and grew up walking and 
riding a bicycle. His father was a hard-working and 
highly disciplined family practitioner who taught 
medicine at Tufts and counseled the community at 
large. He made house calls with his father in a horse- 
drawn buggy.” His father entered the following passage 
in his journal 1 year before he died.? P.D.W. published 
the passage on the first page of his own autobiography, 
signifying its importance to him—his son. It clearly 
shows his father’s wisdom and skill as a writer. It is re- 
produced here with permission of the publisher*?: 


When a man has lived three score and ten years he has finished 
Volume I anyway and whatever is added must be footnotes 
and appendices. One sure thing he has learned if observant 
is to ikon himself and no longer to be surprised by the animal. 
And yet I am more certain than ever that this body is not 
myself, that it is the tenement only in which I, the tenant, have 
taken! TOOTS. I bow reverently before the Power and Force that 
started this spark of Life in this body as dumb as my watch, 


* Dr. Hurst was a graduate student in Cardiology under Dr. White at 
the Massachusetts General Hospital, Boston, from January 1, 1947 to 
July 1,| 1948, and Cardiology resident with Dr. White at the MGH from 
July, 1948, to July, 1949. 

d unknown Chinese philosopher. 
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a lump of clay that without its occupant would be only a lump 
of clay and nothing more. The man, myself, the ego, the higher 
occupant who looks out at you as from a window is only the 
chrysalis of what I may yet be in some transition, for the ten- 
ement is very much out of repair and I need to move out for 
my own good... I have lived long enough to see that eventu- 
ally Right and Truth do survive, that the real scientific prac- 
tice of medicine is only just begun and that there must be some 
startling and most wonderful victorious discoveries just ahead. 
So I hail my descendents of only a few generations ahead as 
"supermen" indeed, only hopeful that they will not scorn the 
links in the chain that came before. We have a modest place 
in this triumphant Victory and grand procession; we have 
stumbled along; the path was obscure but we have kept our 
feet... Thank God for the joy of my life as a doctor.* 


* The last sentence was added by Dr. Paul Whtte, who indicated his 
father "would have welcomed this addltlon.''? 


FIGURE 1. Paul Dudley White, from Paul Dudley White—-A Portrait. 
Reproduced with permission from the publisher.?? 
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His ther died of coronary disease at the ape of 71 

while on the way to see a patient on Sunday 
, morning.? 

~ Paul White’s mother spent almost all of her time 

caring for her 4 children and husband. She was inter- 

- ested in missionary work and the home for the sick and 
aged.? She died of pneumonia at the age of 88.* 

^ . He had an older sister, Miriam, a younger brother, 

Warren, who became a well-known orthopedic surgeon, 

` and a younger sister, Dorothy, who died of rheumatic 

heart disease.” 

His childhood was "relatively simple, unexciting, but 
happy.” He attended the Roxbury Latin School. The 
curriculum was intense and his teachers were excellent. 
. He studied Greek, Latin, French, German, English, 
mathematics, science and history during a single 
year.” 

. He entered Harvard college in 1904. He called his 
. years there “tame.” He liked history but transiently 
_ switched to forestry, partly because of the influence and 
. enthusiasm of Theodore Roosevelt. Within weeks, 
. however, he switched to “pre-med.” By taking quali- 
tative analysis in the summer at the Massachusetts 
. Institute of Technology, he was able to enter Harvard 
. Medical School in 1907.5 He was awarded the A.B. De- 
gree, cum laude, from Harvard College i in 1908 and re- 
ceived his M.D. Degree from Harvard in 1911. 

The medical school's curriculum during the first 2 
. years did not appeal to him. There were too many lec- 
tures.» He later enjoyed his contact with sick patients 
and wrote: 


. We needed no detective stories to fill our spare time, for one 
reason because we had no spare time and another because we 
had to search for clues in nearly every patient.® 


He served as an intern in pediatrics at the Massa- 


chusetts General Hospital in 1911. He then served as- 


intern in internal medicine in 1912 and 1913. One peer, 
George Minot, later won a Nobel prize. It was during 
this period (1913) that he, working with one of his 

medical chiefs, Roger I. Lee, developed the Lee-White 
. method for determining the coagulation time for 
— blood.5 

Dr. David Edsall was chief of the medical service at 
Massachusetts General Hospital and asked him if. he 
_ would like to receive a Harvard Traveling Fellowship 
for a year to study cardiovascular physiology in London 
. with Thomas Lewis. The particular challenge was to 
learn more about the new electrocardiograph machine 

and, after the year of study, return to the Massachusetts 
~ General Hospital and install the machine in the hospi- 

tal. He accepted the offer after he cleared the plan with 

Dr. Richard Smith, who had offered him a position as 
his assistant in pediatrics. Dr. Smith agreed to the career 
change and Dr. White sailed for London in July 1913. 
X He was accompanied by Dr. James Howard Means, who 
. ater became Chief of Medicine at the Massachusetts 
General Hospital and became internationally known for 
his work on the thyroid gland.® 

He toured Europe for a few weeks before reporting 
, to Thomas Lewis in October 1913. He attended the In- 
. ternational Physiological Congress and saw Professor 





A. D. Waller demonstrate the human clectrocardiogram 
using the capillary electrometer.® 

He, along with Jonathan Meakins, first met Lewis in 
the laboratory. Lewis had one hand on à dog's heart and 
in the other hand clutched his top hat and dress gloves. 
For weeks they watched Léwis work but they were ig- 

nord. Finally, Lewis asked Dr. White to come back to 
the laboratory one evening to work. From that point on 
P.D.W. was engaged in. day and night research with 
Lewis. He taught Lewis to use a slide rule and they ex-. 
plored together, "night after night," the mysteries ofthe 
electrocardiogram and the electrical forces that pro- 
duced it. P.D.W. became a “devoted slave to the 
master." $ | | 

White, Lewis (later to be Sir Thomas Lewis), Lady 
Lewis and the 3 children became intimate friends. T'heir 
friendship continued throughout Lewis’ life and one of 
Lewis’ daughters, 9-year-old Pippa, lived with Dr. and 
Mrs. White and their adopted children, Penny and 
Sandy, in Boston while London was bombed during the 
second World War. Pippa remained with the Whites for 
4 years.5 

While in London, he visited the clinics of Sir James 
MacKenzie and John Parkinson. As was his habit, he 
established lifelong friendships with them. 

P.D.W. published several papers with Lewis and 
sailed for Boston in July, 1914, just as the seeds of war 
were sprouting.? 

He adored Lewis. He did feel, however, that he paid 
too little attention to the numerous visitors that came 
from distant lands. He understood that he was an in- 
tense researcher, but felt he offended some who viewed 
him as the master and leader. Dr. White, I believe, re- 
solved to spend time with every visitor who came to see 
him, and he did— thousands of them. 

When he returned to the Massachusetts General 
Hospital in 1912, he felt like: 


a lonely adventurer entering an-unexplored and unknown 
country, planning to spend my life in a new and as yet unrec- 
ognized specialty limited to heart and blood vessels, both 
normal and diseased.® 


His medical school classmates, housestaff colleagues 
and teachers advised him not to pursue such a career. 
The nurses advised him not to study such a “difficult 
part of the body. as the circulation." He persevered, 
however, and in 1914 set up the electrocardiographic 
laboratory in a “small closet in the basement of the Skin 
Ward."5 He began to teach and engage in additional 
research. He was asked by colleagues to see patients on 
the wards and in the Clinic. 

He and Dr. Sam Levine, who was working at the new 
Peter Bent Brigham hospital became friends. They 
became allies in developing the new specialty.® Dr. 
White organized outpatient clinics, taught at various 
hospitals and courses and accepted Richard Cabot’s 
contribution to cardiology—to learn the causes of heart 
disease and develop ways to prevent them. 

World War I interrupted his work for about 25 
months. The details of his military service in Europe will 
not be pares here. An interested reader will find his 
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own narrative of it in his autobiography.® He returned 
home on August 16, 1919, hoping there would be no 
more wars. His knowledge of war undoubtedly stimu- 
lated him, in later years, to do all he personally could to 
ensure peace. 

He returned to the Massachusetts General Hospital 
and, as time passed, became Chief of Cardiology at the 
hospital. He divided his time into thirds. One third of 
a day was spent in research, another third was spent in 
teaching, and another third was spent in practice. Each 
third was about 4 or 5 hours long. He lived in the hos- 
pital until 1920 when he, Joe Aub and Arlie Bock es- 
tablished quarters at the Bremmer chambers." 

In 1922 he and Joe Aub spent 10 weeks in Europe and 
Great Britain. A story unfolded during the voyage to 
Europe that later gave P.D.W. concern that he would 
be viewed as a playboy. Cornelia Otis Skinner and Emily 
Kimbrough were on the same ship. Cornelia contracted 
measles and Dr. White and Dr. Aub assisted her in 
concealing the fact. She covered her spots with rouge 
and powder and wore a long veil. To do otherwise would 
mean that Cornelia would be quarantined and would 
be taken to a hospital in Germany where the ship would 
dock, rather than disembarking at Southampton. Joe 
continued on to Cherbourg, leaving Dr. White and the 
2 girls to deceive the authorities. The 4 of them were 
eventually reunited in Paris." 

He was shocked to read of the escapade in the 
Reader's Digest in 1940.’ The girls had written about 
the incident in their best-selling book, Our Hearts Were 
Young and Gay." (The book was later made into a mo- 
tion picture.) They claimed they had notified White and 
Aub of their intentions to write about the event, but 
P.D.W.’s first knowledge that they had actually done 
it was when he read the Reader's Digest. He knew he 
was ruined. The girls (now 18 years older) reassured 
him. They said it would help him. It did. The story 
showed he was a human being. 

Dr. White was destined to be viewed as the father of 
cardiology in this country. Certainly, the development 
of cardiology as a specialty and the professional growth 
of Paul White are synonomous. I believe there are 6 
reasons for this. He married Ina Reid; began a teaching 
program for students, house staff, fellows and graduate 
students; wrote the book on heart disease and published 
extensively his own significant clinical research articles; 
joined others to create the American Heart Association; 
helped create the National Heart Institute; and helped 
spearhead the development of the International Car- 
diology Foundation. 

He first met Ina Reid in 1923 when he gave a lecture 
at Smith College for graduate activity in social work.® 
She later worked in the Social Service Department of 
the Massachusetts General Hospital. They were mar- 
ried on June 18, 1924, and spent their 3-month-long 
honeymoon in England and on the continent." During 
the trip P.D.W. introduced Ina to the Lewises. Ina was 
intelligent, beautiful, and devoted to Dr. White's way 
of life. She clearly made the lifelong *medical trip" with 
him, and without her, he would have been less than he 
was. She lives now near Boston and is an inspiration to 
all who know her. 


In 1924, the New England Association for the Pre- 
vention and Relief of Heart Disease joined 4 other or- 
ganizations to form the American Heart Association.’ 
He was the first treasurer and became president in 1940. 
He managed a budget of $2,500 the first year he was the 
treasurer and $10,000 the second year.’ During his life 
he went to many states on behalf of the American Heart 
Association and traveled to numerous countries 
throughout the world and encouraged all nations to 
develop Heart Associations. Through this activity alone 
he would have become the world leader in cardiology. 
The success of the American Heart Association un- 
doubtedly influenced the Institutes of Health to es- 
tablish the Heart Institute, in which he was to play a 
major role later in his career. 

During the 1920s he began a training program for 
students, house staff, research fellows, and graduate 
students.’ Trainees such as C. Sidney Burwell, Howard 
Sprague, Duckett Jones, Louis Wolff and Oglesby Paul 
came from far and wide to work under his direction.® 
Trainees from every country of the world soon flocked 
to be at his side. He guided, inspired and befriended 
them all. This activity alone would have made him a 
world leader in the field. 

He received a traveling fellowship in 1928 to go 
abroad for a year to write a book on heart disease.? He 
wrote almost all of the book on the Isle of Capri and 
proofread the galley in Jamaica. Ina was at his side. The 
book, Heart Disease, was published in 1931. The book, 
perhaps more than anything else, established cardiology 
as a specialty and Paul White as the leader. It was the 
most complete textbook on the heart written in the 
United States and perhaps the world at large. In the 
preface, reproduced with the permission of the pub- 
lisher,!? he states his hopes: 


... that it will stimulate here and there impelling curiosity to 
study further some obscure problems which are mentioned 
in every chapter. Concentrated effort to break a new path, or 
to widen one already begun, into the unknown boundaries of 
our knowledge will at least yield enjoyment, and may even 
afford the satisfaction of some new and useful discovery. The 
joy of the practice of medicine lies not only in service to others 
and in the intellectual pleasure of the work, but also in the 
realization that we are still but pioneers.!° 


Paul White and Merrill Myers (of Iowa) wrote an 
important paper in 1921.4 Dr. White later called it one 
of the most important papers of the decade of the 
1920s.’ It dealt with the ingredients of a proper diag- 
nosis, The paper emphasized his belief that the etiologic 
diagnosis should come first, followed by abnormal 
pathologic findings, and finally the functional condi- 
tion of the patient. He believed that the 3-fold diagnosis, 
especially the etiologic requirement, could eventually 
lead us to the prevention of heart disease. In the preface 
of Heart Disease, he again emphasizes the 3-fold diag- 
nosis.!? It is highly likely he used this approach on the 
12,000 patients (4,000 seen by him in private practice) 
he studied prior to writing the book.!? In the introduc- 
tion to Heart Disease, he presents 6 figures of the 4 X 
6 cards he devised on which he recorded his notes about 
his patients./4 The cards were devised in such a way that 
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there were 6 surfaces, but when folded occupied space v 


no larger than 1 surface. The size of the cards was de- 
signed so as to fit in the coat pocket for making house 
calls. This certainly was one of the earliest attempts at 
the creation of a defined data base. He continued to use 
. such cards, with modification, throughout his life. He 
would make additions, often in different-colored ink, 
sighifying how he learned from his patients and how he 
kept up with details often ignored by others. The car- 
diac diagnosis included etiologic, structural and func- 
tional elements. He also demanded of himself an indi- 
cation of “How much is normal activity limited by the 
. cardiac condition (given in percentage)?" New York 
_ physicians interested in the heart were stimulated to 
incorporate this important new concept in the New 
'.. York Heart Association’s book on “Nomenclature and 
. Criteria." This book has undergone 8 revisions. The 
diagnostic requirements became etiology, anatomy, 
physiology and function, and finally, in the 7th edition, 
- became etiology, anatomy, physiology, cardiac status 
and prognosis.1? 'The change was made in the "7th edi- 
‘tion to emphasize that a functional status, determined 
by symptoms alone, could no longer be used to deter- 
mine the seriousness of a disease process or its progno- 


sis. New knowledge and techniques make it necessary . 


to use all data (including that collected from necessary 
. procedures) to establish the cardiac status and prog- 

nostic categories. I still emphasize this approach and 
" insist that all trainees who work with me own or have 
access to a copy of the book. The point being made here, 
- however, is that Paul White originated the concept in 
the early 1920s. This is another reason his first book is 
a classic. 

. His scholarship is clearly seen in the Ist edition of 
Heart Disease (1931). Writing the book stimulated his 
already intense interest in medical history and thus 
.. propelled him from library to library at home and in 
Europe and stimulated him to enlarge his own library 
. of original books. In addition to this, during his sab- 
. batical leave in Europe in 1928, he talked with numerous 
friends in England and on the continent and was able 
to incorporate their views into the book. 

Many quotations from early pioneers are lavishly 
displayed throughout the book, giving pleasure to 
all who read it. He handled references in the following 
way. The following excerpt from the preface of Heart 
Disease!$ is reprinted with the permission of the 
publisher: 


At the end of the book some of the more notable or pertinent 
publications are listed, following by subjects the outline of the 
book and alphabetically arranged according to the authors. 
Reference to them is thus facilitated for the reader without 
distracting his attention from the text. This bibliographic 
index is intended to be as brief as is consistent with its use- 
-fulness; a perusal of many books published in the past shows 
how futile and unsatisfactory have been the attempts to collect 
complete bibliographies, except in the case of detailed works 
dealing with very special subjects. I would refer the reader to 
the Index Medicus and Quarterly Cumulative Index or to 
detailed bibliographies for full lists. It is possible that some 
of the most notable references have been inadvertently 


omitted from the bibliography of this book; I would welcome . 


notification of such omission. 


From the preceding statements one would think the 
book contained few references. Such is not the case. His 
comment regarding the 88 pages of references (oc-: 
cupying about 1096 of the book) deserves emphasis be- 
cause it reveals his scholarship. The following is repro- 
duced with the permission of the publisher: —— 


Allreferences have been verified in the original publications 
except in rare cases difficult of access which have nevertheless 
been retained because of their reputed importance or interest. 
Each unchecked reference has been indicated in the biblfg- 
raphy by an asterisk (*). 


His wisdom is shown by the following passage, which 
is reproduced with the permission of the publisher!*: 


In one's early days in medicine, in school and for a while af- 
terwards, the analysis of symptoms and signs and, to a lesser 
extent, their treatment may be learned with a fair degree of 
success; the ability to elicit the symptoms and signs and the 
understanding of the individual patient and his reactions are 


taught lesa easily by word of mouth or book but come gradu- 


ally with experience. Without this experience in practice one 
may continue but half trained, although able to discourse 
learnedly on diagnosis and treatment. No amount of reading 
or discussion can take the place of prolonged hard work in the 
clinic or in the homes of patients; the science of medical : 
practice cannot be taught wholly in the classroom. 


His comments about the initial encounter with 
a patient should be read and reread by all of us. The 
following is reproduced with the permission of the 
publisher!?: 


If the confidence of the patient is secured at the start and he 
is put at once at his ease, the results for both patient and 
doctor may mean the difference between success and failure 
in the proper handling of the case, which is more than simply 
the establishment of the correct diagnosis and the outline of 
the special cardiovascular treatment. Sometimes trivial re- 
marks, actions, or occurrences may destroy the confidence or 
ease of the patient and so prevent the successful evolution of 
the case. It is at the very outset that the physician must use 
the greatest care. 


The first edition of Heart Disease!? is where many 
of us begin when we begin to search for background 
information and references on a subject. He was dis- 
tressed when, as years passed, he could not continue to 
include all of the quotations and references else the size 
of the book would be too great. 

I suppose there is no accurate record of the number 
of scientific papers he wrote. By 1964 he had written 598 
scientific papers and 112 papers listed under “other 
writing."^ He had written 15 books, including 4 editions 
of Heart Disease (MacMillan), 3 editions of Electro- 
cardiography in Practice (Saunders) (the first two were . 
with. Ashton Graybiel and the last was with Conger 
Williams and Louise Wheeler), and 2 editions of Clues 
in the Diagnosis and Treatment of Heart Disease 
(Thomas). His book with Menard Gertler, Coronary 
Heart Disease in Young Adults, A Multidisciplinary 
Study, was a benchmark in our understanding that the ` 
disease was not due to aging alone. He often wrote with 


others and this, in turn, stimulated a large number of 


amateur authors toi improve their work. He, of:course, 
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wrote until he died. His book, Hearts—Their Long 
Follow Up (Saunders)®, and his autobiography, My Life 
and Medicine (Gambit, 1971),! are examples of his 
continuing wisdom, scholarship and energy. He was to 
receive the Herrick award from the American Heart 
Association on November 8, 1973. After a stroke, he 
wrote the beginning of his acceptance speech from his 
hospital bed at the Massachusetts General Hospital. 
The subject was to be coronary spasm. He wrote on 
Massachusetts General Hospital stationery and his vi- 
sua? field defect was clearly evident in his writing. Dr. 
White died on October 31, 1973. Mrs. White asked 
P.D.W.’s student, friend, and physician, Allan Friedlich, 
to accept the Herrick award on behalf of the family. 

Although his greatest contribution to us was the un- 
usual mixture of numerous traits that, when added to- 
gether, made him a unique person,” I have listed in the 
references of this essay 40 medical contributions that 
show the quality and range of his work.??-91 

His first publication was on the coagulation of the 
blood (Lee-White coagulation time).?? His next 3 con- 
tributions were with Sir Thomas Lewis on their elec- 
trophysiologic studies of the heart and the electrocar- 
diogram. He then wrote on numerous subjects, 
noteworthy of which was the early recognition of pul- 
monary embolism. He also wrote on coronary disease, 
the value of surgery in constrictive pericarditis, the 
Wolff-Parkinson-White syndrome, neurocirculatory 
asthenia, electrocardiography, systemic hypertension, 
the long follow-up of serious disease, the value of exer- 
cise (especially bicycling), rehabilitation and an opti- 
mistic attitude toward heart disease. His view that 
coronary disease was not merely part of the aging pro- 
cess stimulated much research. This lead to his stout 
support for the Framingham Study. 

In the early days, B.C.—" before cardiology,” as he 
called it—he considered Sam Levine of the Peter Bent 
Brigham a friend and ally in spearheading the devel- 
opment of the new field. The friendship continued 
throughout their lives and they wrote several scientific 
papers together.38,42,43,51,59 

The National Heart Act was signed by President 
Truman on June 16, 1948. Dr. Duckett Jones convinced 
Dr. White that he must become involved in the devel- 
opment of The Heart Institute.6¢ Dr. White, always 
shunning politics, was reluctant to do so. On looking into 
the matter, he became enthusiastic about the nonpoli- 
tical oportunity to develop programs and obtain money 
for heart research. He saw the national importance of 
the new development and in his role as executive di- 
rector jand member of the National Advisory Heart 
Council, began to spend about one-third of his time in 
Washington. This continued for 4 years. After that, he 
spent 4 more years serving on the Council. Toward the 
end of the 1949 academic year, he resigned from his 
position as Chief of Cardiology at the Massachusetts 
General Hospital, a post he had held for 30 years, in 
order to spend more time developing the Heart Insti- 
tute.9? I was one of his cardiac residents when this oc- 
curred. Addison Lee Messer, of St. Petersburg, Florida, 
was the other cardiac resident. He was a mixture of 
sadness and enthusiasm as he moved his office from the 


Bulfinch to Beacon Hill. He turned his baton over to the 
capable hands of Ed Bland but continued to influence 
other young men and women who came to the Massa- 
chusetts General Hospital for training. 

He was again correct. The Heart Institute that he 
nursed along was destined to become an awesome force 
in world medicine and cardiac research. 

During the same time frame, he and Howard Sprague 
encouraged the American Heart Association to permit 
and encourage nonphysicians to join the American 
Heart Association. This came about and created another 
source of badly needed research dollars. The public 
interest in research showed congressmen, whose support 
was needed to fund the National Heart Institute, that 
they (the voters) would understand their allocation of 
funds to the Institute.9? 

P.D.W. and Louis Katz organized the International 
Cardiology Foundation in 1957.9? The purpose was to 
raise money for research, training and education, and 
meetings for the International Society of Cardiologists. 
Albert Baer later became chairman of the Lay Com- 
mittee. P.D.W. saw the Society and the Foundation as 
an instrument for peace. 

Paul Dudley White—A Portrait was published in 
1965.20 E. Grey Dimond was the editor and I assisted 
him in assembling the material. The portrait is a com- 
pilation of letters written by P.D.W.’s friends. Pertinent 
aspects of a few of the letters are reprinted here with the 
permission of the publisher.” 

C. Sidney Burwell, later dean at Harvard’s School of 
Medicine, wrote about Mollie. Mollie’s heart was 
studied by P.D.W., C. Sidney Burwell and others.84 
Mollie was an elephant. The heart weighed 42.5 pounds. 
P.D.W. was interested In comparative anatomy and 
physiology. He states his relationship to the Franklin 
Park Zoo of Boston in his autobiography,! and the 
event, as described by Burwell, makes interesting 
reading. 

William J. Kerr of Blue Lake, California, collaborated 
with Dr. White in a study of the conduction system of 
the sperm whale.*? They discovered the Purkinje cells 
to be 150 u in diameter. Obviously P.D.W. wanted to 
know more about the conduction system of the heart, 
and because microscopes were still primitive, he chose 
to study large animals in which the conduction system 
could be seen more easily. 

Dr. Robert L. King,® of Seattle, joined Drs. Burwell 
and White to write some notes on the anatomy of an- 
other elephant’s heart in 1938. Dr. King had obtained 
the heart of Tusho, who died in the Seattle Zoo in June 
1933. 

Dr. King also relates P.D.W.’s long quest to record the 
electrocardiogram of a whale in order to complete his 
studies.®6 (He had dissected a sperm whale’s heart and 
published his findings with William Kerr in 1917.) 
P.D.W. went to every extreme and used every means to 
record the electrocardiogram of a whale. Finally, with 
the help of Dr. King and James L. Jenks, President of 
the Sanborn Company, the goal was accomplished. 
They recorded the electrocardiogram of a Beluga whale 
that was thrashing about in the Bering sea. Dr. White 
was pleased, but, almost childlike, still wanted to record 
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the electrocardiogram of the largest mammal, the gray 
whale. 

Dr. Bernard J. Walsh, of Washington, D.C., who 
married Dr. White’s secretary, Agnes Donovan, dis- 
cusses a letter he received from Dr. White in his essay 
entitled “A P.D.W. Letter.” 9? The letter is shown in 
. Figure 2. A portion of Dr. Walsh’s essay is reproduced 
below with the permission of the publisher. 


This 1942 letter he wrote illustrates several outstanding 
characteristics of Dr. White, which include his unlimited cu- 
riosity and attention to detail, his great courtesy and respect 
. for his younger associates in medicine, the clarity of his writ- 
ing—and his propensity for adding postscripts.®” 


Dr. Louis Wolff,$? of Boston, will forever be linked to 
the name of Parkinson and White as the Wolff-Par- 


PAUL DUDLEY WHITE, M. D. 
MASSACHUSETTS GENERAL HOSPITAL 
BOSTON, MASS 


CONBULTATION BY APPOINTMENT 


January 16,1942. 


cr. bernard J. Walsh, 
Farragut xedical Building, 
washington, D. c. 


Dear Bernardt- 





kinson-White syndrome is known by almost every 
physician. Dr. Wolff tells the story of the Wolff-Par- 
kinson-White syndrome in an extremely interest- 
ing manner. The following passage from Dr. Wolff's 
essay is reproduced below with the. permission of the 
publisher®; 


It all started on April 2, 1928, with a 35 year old man who, 
notwithstanding the fact that he apparently had a normal 
heart, had repeated bouts of paroxysmal atrial fibrillation and 
paroxysmal atrial tachycardia.* Dr. White listened to the brief 


* Dr. White later Indicated on page 292 of Hearts—Their Long Follow 
Up? that D.C., listed as Case 2 In their original publication, was actually 
"Case No. 1" because he was seen 12 days prior to the April 2, 1928, 
date listed In the quotation above. It appears, however, that D.C. was 
recognized as having the Wolff-Parkinson-White syndrome only In re- 
trospect and that Dr. Wolff's account [s accurate. 


I made an interesting discovery yesterday 
when I got the subaortic stenosis heart out for 0 
photograph. 


Actually, the valve is not bicuspid 
but it 15 congenitally deformed. I have altered 
the description in the text to sult the findings 
as followst- "The aortic valve was congenitally 
deformed with one very large posterior cusp ? cm. 
or a bit more in widtn and two small anterior cusps 
of about equal size (1. cm. each), equal to or a 
bit sualler than the one large Y The coronary 


Ske mouths were normally placed, one each of the 
P anterior cusps." 


a$ f It was not until I stretched out the 
Eu Uu valve carefully for the photograph that I discovered 
&: - a distinct elongated raphe between the two small 
= anterfor cusps. It ts almost a bicuspid valve but 
to Ç it 1s better t» call it a congenitally deformed 
I> valve, of course. I have altered the text accordingly 
at and am returning it to you. 


2 > We can use the drawing which is very 

good with 3 littie alteration in the legend, as vou 
will see. d rok +e San Bows oun Whete ^ 
C Hua j of BU good, pet 


SS WE ta ap Front 2, . 
[Se Sg.) . 


Sincerely yours, 


Nas, Y, 


ER 
3 . shaw Hor 
qi Curl s alit doue f ar 





FIGURE 2. Letter from Dr. Paul Dudley 
White to Dr. Bernard J. Walsh, written 
on January 16, 1942. The letter Indl- 
cates Dr. White's enthusiasm, attention 
to detall, courtesy to younger asso- 
clates, and his “propensity for adding 
postscripts.”” Reproduced with pør- 
mission of the publisher.2° 
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history as related by the patient’s physician, looked around 
the laboratory and suggested that I “work-up” the patient. 
In retrospect, we couldn’t have had a better patient to start 
with; he exhibited practically all the clinical and electrocar- 
diographic features that are seen in the Wolff-Parkinson- 
White syndrome. The patient continued to work as an in- 
structor in calisthenics and frequently was presented at 
medical meetings in and around Boston. He had angina pec- 
toris during the last four years of life and died suddenly Au- 
gust 1955, at age 62, 27 years after our first examination. 

The preliminary observations were so remarkable that I 
searched the hospital files and found other cases with the same 
peculiar combination of features; it seemed certain that we 
were ‘dealing with an entity which had previously escaped 
detection. Before long the first draft was prepared, and Dr. 
White seemed very enthusiastic about it, but instead of sub- 
mitting the paper for publication, after the usual alterations, 
he decided to find out at first hand what other physicians 
knew about it or whether they had any familiarity with it. This 
could: be done easily as he was about to start a visit to Euro- 
pean Clinics. 

The first stop was Vienna where Dr. Scherf expressed the 
view that the short P-R interval indicated an A-V nodal 
mechanism, and, therefore, was in no way remarkable. We had 
anticipated this possibility at the time we studied our first 
cases and eliminated it as best we could then and, we felt, 
satisfactorily. 

In London, Sir Thomas Lewis was not interested, and this 
was true of several other cardiologists in Europe; Sir Thomas 
did not view the electrocardiograms. However, Dr. Parkinson’s 
interest was aroused, and he found several cases similar to ours 
in his office files. At Dr. White’s suggestion, he sent me brief 
clinical notes and the electrocardiograms of each case, and this 
London material added to the Boston material comprised the 
cases of the original paper. 


Albert M. Baer, of New York, relates that P.D.W. 
once asked how far it was from the American Heart 
Association office, which was located on the corner of 
23rd Street and Madison Avenue in New York City, to 
LaGuardia airport. The answer was 7 miles. Dr. White 
walked the entire distance.$? 

He received hundreds of awards and honors, and was 
consulted when President Eisenhower had his heart 
attack. He probably visited more countries than any 
other physician on record. He was universally known 
and loved. As time passed, he used his position to 
stimulate world peace. He believed that physicians who 
take care of sick people have a common bond through- 
out the world and can influence the town they worked 
in, the country they lived in, and, in turn, the world. For 
this effort he was named as a possible candidate for the 
Nobel Peace Prize. Sam Levine first suggested to Allan 
Friedlich that P.D.W. should be nominated for the 
Nobel prize. Dwight Harken, Harold Sprague and Allan 
Friedlich worked for many years to assemble the sup- 
port réquired for the nomination. Although P.D.W. 
did not win the prize, extraordinary support for him 
came from around the world (Friedlich A: personal 
communication). 

He wrote the following in his autobiography. The 
passage is reproduced here with the permission of the 
publisher. ?° 


We must do better than to bewail our bad luck or accept 
without reservation the implication expressed in the lines of 


Bayand Taylor’s Napoleon at Gotha: “Men’s lives are chains 
of chances and history their sum.” We must control not only 
the deadly weapons of war but the violence in the streets, the 
frightful death toll on the highways, and the pollution all 
around us. 


The editor of the American Journal of Cardiology, 
William Roberts, has insisted I write a few sentences 
describing how it was to be in contact with him—seeing 
patients with him and otherwise. He further assigned 
me the difficult task of pointing out his faults. 

Here are some of the things he taught me (and 
others): 

“Qne’s level of professional attainment usually was 
determined by the amount of work done ‘after 
hours.’ " 

“Tt is difficult to learn the normal range of the 
heart." 

“Tt is useful to ask a patient, ‘When were you last 
perfectly well?' " 

“The physician's first encounter with a patient is 
extremely important." 

“Always discuss the patient's problems with the pa- 
tient and family." 

“You must never overlook a correctable abnormal- 
ity." (At that point in time he was thinking of hypo- 
and hyperthyroidism, constrictive pericarditis and 
arrhythmias.) 

"Tt takes a lifetime to learn to use digitalis." 

“Some patients with recurrent atrial fibrillation 
are happier when the atrial fibrillation becomes 
permanent." 

"Some patients with the Wolff-Parkinson-White 
syndrome will have fewer attacks of atrial tachycardia 
as they grow older." 

“The most common cause of ‘right heart’ failure is 
‘left heart’ failure." 

“Isolated left pleural fluid is not usually due to heart 
failure." 

“What is good for one patient may not be good for 
another patient with the same disease." 

“Heart disease is often not as serious as the patient 
and physician think it is." 

“Almost everyone will sooner or later have a small 
heart attack. I suppose it should be considered to be 
within the normal range." 

“The diet for the elderly must be simplified.” 

“Smoking tobacco is harmful. We should use tobac- 
co in a more useful way. Perhaps it can be used for 
fertilizer." 

“Heart failure alone does not cause temperature el- 
evation. When temperature elevation is present, you 
should always consider repeated pulmonary emboli— 
especially if the temperature is episodic." 

“Pulsus alternans is often overlooked by the physi- 
cian. When present, it indicates myocardial failure— 
except when it is felt during atrial tachycardia." 

“When the nurse’s record reveals the temperature as 
normal and the pulse rate changed abruptly from 100 
to 150, one should consider atrial flutter." 

He astounded me with his ability to observe the cer- 
vical veins and his discussions about them had the 
sound of poetry. He could identify various abnormal 
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heart rhythms by observing the patient's neck from the 
side of the bed. 


He placed his stethoscope in what I then considered . 


to be strange places. I recall his diagnosing coarctation 
-of the aorta by listening in the interscapular area. The 
murmur was just barely audible. 

He encouraged a trainee to establish the etiology, 
altered anatomy, and altered physiology on every pa- 
tient with heart disease. He required an assessment of 
the patient's ability to work. 

He believed a normal person should exercise 7 hours 
a week. If you could not exercise an hour each day, then 
make up the difference on the weekend. 

He taught, by example, to listen to the views of other 
physicians as they talked about their patients. He 

. usually wrote down their comments in his little black 
book. 

He emphasized, by example, that one learned medi- 
. cine by keeping good records and following the patients. 
. I appreciated his great ability to place the patient at 
ease, obtain an excellent history, scrutinize the proper 
physical abnormalities and arrive at a conclusion. Pa- 
tients, who often came great distances from foreign 
countries, were often encouraged by him as he would 
_ say, “Good heart sounds," or “You must return to 
work." 

He was an artist at rehabilitating patients and would 
say, ^You will be able to do more in the future than you 
did before your heart attack." This attitude by him 
enabled me to urge Lyndon Johnson to return to the 
Senate following his heart attack in 1955, and later to 

become Vice President and run for the presidency. 
^ His home was a display of his scholarship. To dine 
with the Whites meant a lovely dinner followed by a 
discussion of the contents of the great books he had 
collected. You knew he loved them because of the way 
he handled them. 

.. He taught constantly. He taught the physicians who 
were with him at the moment and he always taught his 
patients. 

Now, for the difficult Side His faults. 

He was obsessed with the idea that an autopsy deus 
be obtained on every patient that died. He went to un- 
usual extremes to obtain autopsies. 

Though he adored Sir Thomas Lewis, with hon: he 
worked, he did not hesitate to state that Lewis did not 

treat his visitors with kindness. 

- .— His sense of time was awful. He was so interested in 
what he was doing or thinking at the moment that he 
failed to notice that considerable time had passed. The 
fluoroscopic room was very small and ventilation was 
poor. I recall a session in the little pitch-black dark room 
that I believe lasted 15 to 20 minutes. I learned a great 
deal about the fluoroscopic examination of the heart, 
.but, since I had been told that one of my duties was 
to help move P.D.W. from one activity to another 
else we could not complete the day, I became a bit 
uncomfortable. 

He visited me soon after he visited Albert Schweitzer 
in África. He voiced his belief that Schweitzer should 
move medicine ahead faster than he was. As I recall it, 


he was miffed about Schweitzer's attitude about using 


the electrocardiograph machine. 


He ran his life with a kind and gentle demeanor. Be- 
cause of this trait, there were those who imposed upon 
him. He perhaps permitted too many people to take 
advantage of him. 

His naivete was attractive when it was a childlike 
display of curiosity but was probably harmful when he 
was taken in by those who were self-serving. He seemed 
to believe that “all was well" all of the time. 

He cared little for personal financial rewards. He and 
the cardiac unit might have fared even better if he bad 
paid more attention to the financial matters. But who 
knows-—he was obviously a happy man. 

He felt that exercise using the leg muscles was very 
useful. He had few data on the subject at the time he was 
urging the use of exercise. The fact is, I believe, he 
simply did not like for people to be slothful physically 
or mentally. 

He became obsessed with world peace. He believed 
that physicians the world over talked the same language 
and were humanitarians. Much of his time toward the 
end of his life was spent in trying to implement this 
view. But who can criticize that! 

I last saw him a short while before he died. I was in 
Syracuse, New York, on a teaching assignment and flew 
to Boston on the way home to Atlanta. I took a taxi to 
his home and asked the driver, because time was all too 
short, to remain at the house until it was time to go to 
the airport. Dr. White met me at the door: Despite the 
limitations imposed by a stroke, he was in good spirits. 
Mrs. White served a marvelous dinner—a rack of 
lamb-——and we sat and talked. They were a bit shocked 
when, as I was leaving, they discovered the taxi still 
waiting outside. 

À few weeks later he died of his second stroke (Oc- 
tober 31, 1973). Much was written about him. The car- 
toon in one of the Boston newspapers said it best. 
Dobbins, the cartoonist, showed the city of Boston in 
the lower portion of the cartoon. Up in the sky, there 
was a little figure in a black suit with a recognizable hat, 
who was riding a bicycle higher and higher into the sky. 
A medical bag was clearly seen. The caption was: Last 
House Call. 

Mrs. White honored me by requesting I give the eu- 
logy at the memorial service for him in the Harvard 
Memorial Chapel, Cambridge, Massachusetts, on No- 
vember 13, 1973. The title of the eulogy was, “Fm Not 
Through Yet."?! The title was chosen because Dr. 
White used an alarm wrist watch. He set the alarm at 
the beginning of a lecture he gave at Emory University. 
When the alarm sounded he was at an exciting point in 
the lecture. He slapped the watch, turned off the alarm 
and said, “Pm not through yet." And he is not! 
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| Remembrances of Paul Dudley White* 
| 


W. PROCTOR HARVEY, MD 


Heart Association, which was held in Longboat Key, 
Florida. In his opening address, the President of the 
chapter remarked that the late Paul Dudley White had 
been a speaker at the first such meeting back in 1955. 
I, too, took part in that same meeting, and it brought 
back some fond memories of that great physician and 
humanitarian. As many of you will remember, he was 
a warm, modest, pleasant man who was loved and re- 


| l 
I have just participated in the 25th Annual Cardiovas- 
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spected by all who knew him. He was of medium height, 
thin, and wore a hat with the brim turned up all around. 
It was at that same meeting 25 years ago that he told me 
about one of his previous experiences in Florida. He was 
driving an automobilé through a small community and 
happened to see a sign outsidé a doctor's office that said: 
- “Paul White, M.D.” He thought it would be interesting 
to meet this physician who had the same name as hia. 
He entered the office; it was typically busy with patients 
waiting to be seen. Although he was a famous. physician, 
he did not mention who he was, but patiently waited his 
turn to meet and chat with another doctor called Paul 
White. This incident typifies the kind of man he was. 

I once asked if he would do a taped interview with me, 
as I was planning to put together a teaching symposium 
on tape which expressed the views of various leaders in 
cardiology concerning important, though often con- 
troversial, aspects of cardiovascular disease. He said he 
would be glad to do so, “As long as you state what year 
I said it." This exemplifes his wisdom in knowing that 
with newer knowledge, our opinions might rightly 
change. | 

It was also about that same time, at the second sym- 
posium of the World Congress of Cardiology, held in 
Washington (in 1954 as I remember it) that Dr. White 
told me that he introduced Dr. Parkinson of London to 
Dr. Wolff of Boston. This was the first time these three 
physicians of Wolff-Parkinson- White syndrome fame 





were brought together, even though their syndrome had 


been well known for many years. 

A strong advocate of our need for exercise, Dr. White 
walked whenever he could, chopped wood, shoveled 
snow and was a familiar sight riding his bicycle in his 
neighborhood. On one occasion, after flying from Boston 
to Washington, he walked from National Airport to the 
White House, where he was scheduled to meet with 
President John Kennedy. While walking along the busy 
highway from the airport, across Memorial Bridge, past 
the Lincoln Memorial and subsequently through the 
park grounds to Pennsylvania Avenue, he declined 
several offers to ride. On arriving at the White House, 
the guards at the gate, the gentleman that met him at 
the front door, the office personnel and President 
Kennedy himself all independently asked: *How did 
you get here?" When to each he replied: “I walked from 
the airport," all of them, including the President, stood 
with mouths agape in utter amazement. 

Mention of Dr. White also brought to mind the poi- 
gnant cartoon that appeared in a Boston newspaper 
when he died. It portrayed a likeness of Dr. White ona 
horse, riding high in the sky, with the familiar outline 
of Boston below, showing the Bullfinch Building, 
Charles River and other familiar landmarks. The cap- 
tion said: "Paul Dudley White’s last house call." 

I enjoyed these remembrances of this great man. It 
was an honor to have known him. 
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Adverse Reactions: Nervous System/Psychiatric: Sedation, headache, asthenia or weakness, 


= ma early and transient; dizziness, N paas symptoms of cerebrovascular insufficiency, 


is parkinsonism, Bell's palsy, decreased "menta! acuity, Involuntary choreoathetotic 
ic disturbances, including nightmares and reversible mild psychoses or 
vovascular: Bradycardia, prolonged carotid sinus hy etal aggravation of 

rthostatic hypotension (de- 
c. {Discontinue 
rt failure appear) Digestive: Nausea, vomiting, 


methyidopa if edema progresses or signs of 


. distention, constlpation, flatus, diarrhea, colitis, mild dryness of mouth, sore or “black” tongue, 


: ami 


pancreatitis, sialadenitis. 


fe: Abnormal! liver function tests, jaundice, liver disorders. 
‘Hematologic: Positive Coo 


lest, hemolytic anemia. Bone marrow depression, leukopenia, 


sn thrombocytopenia. Positive tests for antinuclear antibody, LE cells, and 


atold facto. Allergi: Drug-related fever, lupus-like syndrome, myocarditis, pericarditis. 


— Skin: Hash as in eczema or lichenoid eruption; toxic epidermal necrotysis. Respiratory: Nasal 


Stutfiness. Mefabolic: Rise in BUN. 


Pis asc Breast enlargement, gynecomastia, lactalion, 
amenorrhea, impotence, decreased libido. Endocrine: Hyperprofectinemia. Musculoskeletal: Mild 
.arthra a wor without joint swelling; myalgia. 


Nota: initial adult oral dosage should be limiled to 500 mg daily in divided doses when given with 

ertensives other than thiazides, Tolerance occur, usually between second and third 
of therapy; Increased dosage or adding a dluretic frequently restores.atfective control. 

Patients with impalred renal function may respond to smaller doses. Syncope in 

older patients may ba related to increased sensitivity and advanced arterloscierotc fV] MSD D 

vascular disease; this may be avoided by lower doses. 

For more detailed information, consult S 


your MSD Represenáalive or see Prescrib- 
^ ATH Merck Sharp & Dohme, Division of Merck & Co., 


INC., Wesi Point, 
J5AMA9(718:027) 
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what you'll be watching 


The American Journal of Cardiology does more than just 
print the best in authoritative articles on cardiovascular 
treatment. Now it puts them on videotape. And the intro- 
ductory videocassette is yours. Free. i 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC 
Video Report will feature lively, highly-visualized discus- 
sions with noted cardiovascular specialists and authors of 
the most important articles appearing each month in The 
American Journal of Cardiology. And it will extend the 
utility of the articles by exploring their application in clinical 
practica. 

The introductory, 45-minute videocassette will feature 
special guest Donald C. Harrison, MD, and guest authors 
discussing three important topics: 


C Analysis of spontaneous variability of ventricular 
arrhythmias: consecutive ambulatory ECG recordings 
- of 110 patients with ventricular tachycardia; 


C] Doppler diagnosis of valvular aortic stenosis in patients 
over 60 years of age; and 

C Routine preoperative exercise testing in patients 
undergoing major non-cardiac surgery. 


AJC Video Report is planned to be produced on a regular 
basis starting this Fall. 
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To order your free, introductory videocassette, just 
complete this coupon and send it to: Joyce Sturges, AJC 
Video Report, The Yorke Medical Group, 875 Third Avenue, 
New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, so act now. C3J 
Name 

(Please print) 
Address l 


City 
State/Zip 
Medical specialty 


Format desired: []VHS Beta CIPAL CISECAM 03/4" 
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Avoid any change 


in the classic Lasix 


You've titrated to a precise therapeutic response. 
Now, unless your patient's condition changes, the 
regimen shouldn't. Because if it does, the sensi- 
tive diuretic/digitalis/electrolyte balance could 
be upset. And the consequences could be serious. 
So, once a patient has been stabilized on 
Lasix’ tablets, it's only logical to specify Lasix” by 
brand name and prevent generic substitution. 
That's the only way you can be sure 
your patient will always receive the 
same brand of furosemide tablets... 
exactly the same formula- 
tion and manufacturing 
process, with the same 
excipients and binders... 
with every single refill. In 
fact, 9 out of 10 cardiolo- 
gists do specify Lasix” by 
brand name, and 2 out 















-digitalis regimen 


® 
furosemide 


of 3 take the extra step to prevent substitution. 

Lasix” is the most thoroughly documented 
drug in its class, with quality so consistent that 
almost 8 billion tablets have been manufactured 
without a single product recall. 


Reference: 1. National survey of 2960 physicians, including 1502 
cardiologists and other physicians subspecializing in cardiology, 
conducted by Hoechst-Roussel Pharmaceuticals Incorporated, 
Somerville, New Jersey. August 1982. 


Please see following page for brief summary of 
full prescribing information. 


Specify: 


20 mg, 40 mg, 
80 mg Tablets 
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amounts, can 


CONTRAINDICATIONS: Anuria. History of hypersensitivity to 
the compound. 


— "WARNINGS: Excessive diuresis may result in dehydration and 
. Feduction in blood volume, with circulatory collapse and with the 


possibility of vascular thrombosis and embolism, particularly in 
elderly patients. Excessive loss of potassium in patients receiv- 


- ing digitalis glycosides may precipitate digitalis toxicity Exercise 
- core in patients receiving potassium-depleting steroids. Perform 
_ frequent serum electrolyte, a and BUN determinations during 


first few months of therapy and periodically thereafter, and cor- 

rect abnormalities or temporarily withdraw the drug. Initial ther- 

apy of pos with hepatic cirrhosis and ascites is best carried 
e hospital. Closely observe cirrhotic patients for sudden 


fluid ond electrolyte imbalances that may precipitate hepatic 


coma. Supplemental potassium chloride and, if required, an 
aldosterone antagonist are helpful in preventing hypokalemia 
and metabolic alkalosis. Discontinue furosemide if increasing 


- -azotemio and oliguria occur during treatment of severe, progres- 
- Sive rena! disease. Observe patients regularly for possible blood 
. dyscrasias, liver damage, or other idiosyncratic reactions. Patients 

-- With known sulfonamide sensitivity may show allergic reactions 


Furosemide may potentiate the therapeutic effect of other antihy- 
pertensive agents. Potentiation occurs with ganglionic or periph- 
eral adrenergic blocking drugs. Exacerbation or activation of 
Systemic lupus erythematosus may occur Furosemide appears 
in breast milk. If use of the drug is essential, the patient should 
Stop nursing. Cases of tinnitus and reversible hearing impairment 
have been reported 


__ There have also been some reports of cases in which irreversible 
- — hearing impairment occurred. Usually ototoxicity has been 
-— reported when furosemide was injected rapidly in patients with 


Severe impairment of renal function at doses exceeding several 
limes the usual recommended dose and in whom other drugs 


-— known to be ototoxic were given. If the physician elects to use 
. high-dose parenteral therapy in patients with severely impaired 


fenal function, controlled intravenous infusion is advisable. (For 
adults, an infusion rate not exceeding 4 mg furosemide per min- 
ute has been used.) 

PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
tion may occur especially in patients receiving higher doses and 
a restricted salt intake. Patients receiving furosemide should be 


.. Observed for clinical signs of fluid or electrolyte imbalance, 


namely, hyponatremia, hypochloremic alkalosis, and hypokale- 


. mia. Serum and urine electrolyte determinations are particularly 


important when the patient is vomiting excessively or receiving 


* à parenteral fluids. Medication such as digitalis may also influ- 


ence serum electrolytes. Hypokalemia moy develop with furo- 
Semide as with any other potent diuretic, especially with brisk 
diuresis, when cirrhosis is present, or during concomitant use of 
corticosteroids or ACTH. Interference with adequate oral electro- 
lyte intake will also contribute to hypokalemia. Digitalis may 
exaggerate metabolic effects of hypokalemia, especially with ref- 


- erence to myocardial activity Asymptomatic hyperuricemia can 


occur and gout may rarely be precipitated. Increases in blood 
glucose and alterations in glucose tolerance tests with abnor- 
malities of the fasting and two-hour postprandial sugar have 
been observed, and rare cases of precipitation of diabetes melli- 
lus have been reported. Furosemide may lower serum calcium 


- . levels, and rare cases of tetany have been reported Periodic 


b 


serum calcium levels should be obtained. Reversible elevations 
of BUN may be seen. These have been observed in association 
with dehydration, which should be avoided, particularly in 


. patients with renal insufficiency. Patients receiving high doses of 


salicylates in conjunction with furosemide may experience solic- 
ylate toxicity at lower doses because of competitive renal excre- 
lory sites. Furosemide has a tendency to antagonize the effects 
of tubocurarine and may potentiate the action of succinylcholine 
Lithium generally should not be given with diuretics because 
they reduce its renal clearance and add a high risk of lithium 
toxicity. Diuretics such as furosemide may enhance the nephro- 


toxicity of cephaloridine. Therefore, furosemide and cephalori- 


dine should not be administered simultaneously Furosemide 
may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the 
essor agent for therapeutic use. It has been reported in the 
ilerature that coadministration of indomethacin may reduce the 
natriuretic and antihypertensive effects of Lasix (furosemide) in 


. some patients. This effect has been attributed to inhibition of 


prostaglandin synthesis by indomethacin. Indomethacin may 
also affect plasma renin levels and aldosterone excretion: this 
Should be borne in mind when a renin profile is evaluated in 


hypertensive patients. Patients receiving both indomethacin and 


Lasix (furosemide) should be observed closely to determine if 
the desired diuretic and/or antihypertensive effect of Lasix (furo- 
semide) is achieved 

PREGNANCY: Pregnancy Category C. Furosemide has been 
shown to cause unexplained maternal deaths and abortions in 
rabbits at 2, 4 and 8 times the human dose. There are no 


adequate and well-controlled studies in pregnant women. Furo- 


semide should be used during pregnancy only if the potential 


benefit justifies the potential risk to the fetus 


ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
nauseg, vomiting, cramping, diarrhea, constipation, jaundice 
(intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 


_ thesias, headache, xanthopsia, blurred vision, tinnitus and 


hearing loss, anemia, leukopenia, agranulocytosis (rare), throm- 
openia, aplastic anemia (rare), purpura, photosensitivity, 


fash, urticaria, necrotizing angiitis (vasculitis, cutaneous vas- 
i 


culitis), exfoliative dermatitis, erythema multiforme, pruritus 
Orthostatic hypotension may occur and may be exoggerated 


_ .by alcohol, barbiturates, or narcotics. Other adverse reactions 
-include hyperglycemia, glycosuria, hyperuricemia, muscle 
_ spasm, weakness, restlessness, urinary bladder spasm, 


.. thrombophlebitis. 
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Proceedings of the Second International Sym 
Rome, Italv, May 17-19, 1982 





The most up-to-date presen- 
tation of the latest data on 
the entire range of clinical, 
bioengineering, pathologv, 
and long-range followwp 
issues on cardiac tissue 
valves. 







edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
ISBN 0-914316-34-6, 609pp., illus., 1982, $69.00 


Who are the editors? 


Lawrence H. Cohn, MD, is Pro- 
fessor of Surgery, Harvard Medical 
School, and Cardiothoracic Surgeon, 
Brigham and Womens’ Hospital. He is 
the author of Modern Techniques 
in Surgery and co-author of the new 
annual, Cardiology, now available in 
its second issue, Cardiology 1982. 


An international program committee 
organized this symposium on a strict- 
ly competitive abstract basis. It was 
held less than six months ago. One- 
hundred-eighty abstracts were sub- 
mitted and 45 in 8 categories were ac- 
cepted. Virtually every major cardio- 
vascular center in the world that has 
any meaningful experience with car- 
diac bioprosthetic valves was repre- 
sented. Nowhere will you find be- 
tween two covers as much current 
information on the field of cardiac 
valves. 


Vincenzo Gallucci, MD, is Professor 
of Cardiovascular Surgery, Depart- 
ments of Cardiovascular Surgery and 
Cardiology, University of Padova 
Medical School, Padova, Italy. 


Table of Contents 


Section 1 CLINICAL ANALYSIS 
Section 2 HEMODYNAMICS 
Section 3 THROMBOEMBOLISM 
Section 4 PEDIATRIC VALVE 


Almost 20 years have gone by since 
the first reports of homograft valve 
replacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
years since the first reports began to 
appear about commercially available, 
quality-controlled porcine biopros- 


thetic and bovine pericardial valves. nhs Aa EORUM er 
This book bri letely up- 
S 9005 DEBS you.comp'ete.y UP- PATHOLOGY 


to-date on what has happened since 


and what is happening today. Section 6 EXPLANT PATHOLOGY 


Section 7 BIOPROSTHETIC 


If your interests include the clinical, BIOENGINEERING 
pathological and bioengineering as- Section 8 LONG-TERM 
pects of cardiac bioprostheses then FOLLOW-UP 


Section 9 SUMMING UP 
AUTHOR INDEX 
SUBJECT INDEX 


this book is a must buy! It should 
not be missing from your own 
professional library. 
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ORDER FORM 
Send orders to; 


Yorke Medical Books 
Box C-757, Brooklyn, NY 11205 
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Please send me Cardiac Bioprostheses (00030) on 30 day approval. 
C] Enclosed is my check for $69.00 plus $1.50 for handling. Yorke pays postage (same return 











privilege). 
C] Please charge my D VISA C] MasterCard (same return privilege). 
Card No. MC Interbank No. 
Exp. date _ i Signature 
C Please bill me plus postage and handling (U.S. & Canada only). 
Name 
Address 
City/State/Zip 





Customers in the following states please include applicable sales tax; CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S, bank or charged toa credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada, 
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EDITORIALS 


Are the Findings from the Randomized Coronary Artery 
Surgery Study (CASS) of Value in the Management 
of Patients Soon After Acute Myocardial Infarction? 


SHAHBUDIN H. RAHIMTOOLA, MB, FRCP 


On the basis of the findings from the randomized Cor- 
onary Artery Surgery Study (CASS), a recent editorial! 
recommended that the patient who is asymptomatic 
after “healing” of acute myocardial infarction (AMI) 
“does not need” coronary bypass surgery; therefore, one 
should not perform coronary angiography in such pa- 
tients. This conclusion and extrapolation of the CASS 
data are unjustifiable for the following reasons: 

(1) Mortality after AMI is high; however, the risks 
are not the same at different times. Beyond the first 
year, the mortality rate appears to be significant but 
relatively constant, at about 3 to 6% a year.?-? During 
the first year, mortality is much higher; however, most 
of the deaths occur within the first several months.?? 
Data from 2,290 patients from 3 centers studied from 
day 2 to 1 year after AMI showed the 1-year mortality 
rate was 2290; 75% of the deaths had occurred by day 
100 (Table I). The 1-year mortality data could be fit into 
2 exponential distributions: mortality from day 2 to day 
21 was 11.4% and from day 21 to 1 year was 10.5%. Re- 
view of figure 2D from this article® suggests 3 rather 
than 2 exponential distributions with decreasing mor- 
tality: 2 to 21 days, 21 days to 3 to 5 months and 3 to 5 
months to 1 year (Table I). More relevant to the present 
discussion are the data of 818 patients from 2 of these 
centers,? which showed that the cumulative mortality 
rate from the time of hospital discharge to 1 year later 
was 11.1% and that two-thirds of the deaths occurred 
within the first 6 months (‘Table II). 

Thus, the highest mortality rate after AMI is within 
the first 3 months, and in patients discharged from 
hospital, it is within the first 6 months after discharge. 
The group C patients from CASS (those who had no 
angina after AMI) were randomized an average of 9.5 
months after AMI!? (Table III); that is, after the 
“high-risk” period for death was over. 





From the Section of Cardiology, Department of Medicine, University 
of Southern California, Los Angeles, California. Manuscript received 
October 22, 1984; revised manuscript received March 4, 1985, ac- 
cepted March 5, 1985. 

Address for reprints: Shahbudin H. Rahimtoola, MD, Chief, Section 
of Cardiology, University of Southern California, 2025 Zonal Avenue, 
Los Angeles, California 90033. 
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(2) Although many observers, including the cited — 
editorial, keep referring to the group C patients from — - 
CASS as “asymptomatic,” this is not strictly correct. - 
The group C patients were “angina-free” but were not 
likely to have been asymptomatic because most had  - 
limitation of activity! (Table III). Ee 

(3) In CASS, a small number of selected patients - 
were randomized. The total number of group C patients 
was 160 and included those with 1-, 2- and 3-vessel - 
disease and those with normal and abnormal left ven- — 
tricular function (Table III). These 160 patients came  - 
from 11 centers and were randomized over 46 months; - 
therefore, each center randomized an average of about — 
1 patient every 3 months. Thus, either these centers did — ' 
not see many patients with AMI or randomized highly 
selected patients or both; therefore, extrapolation of | 
such data to unselected patients after AMI should not | 
be done without proof. P. 

(4) After recovering from AMI, patients with con-  - 
gestive heart failure and serious ventricular arrhythmias 
need appropriate therapy, and those with unstable . 
angina need coronary bypass surgery or other forms of. 4 
myocardial reperfusion.!? Clinical concern has also fo- 
cused on patients who are within 3 months of AMI but ~ 
do not have these latter 3 complications. These patients 
may be asymptomatic for the level of activity under- 
taken soon after AMI but are at “high risk” over the — 
next 2.5 years for untoward cardiac events, such as . 
sudden or nonsudden cardiac deaths, recurrent nonfatal E- 
myocardial infarction and class 3 or 4 angina.1?-12 mc 
these patients, myocardial ischemia demonstrated by . 
treadmill exercise testing with electrocardiographic or d 
radionuclide studies have identified high-risk - 
groups.!3-!7 The treadmill exercise tests both at the time _ 
of hospital discharge and at 6 weeks after AMI are of . 
prognostic value.!” The sensitivity of the various tests s 
for predicting class 3 and 4 angina, death and all 3 — 
events was as follows: electrocardiographic exercise 
tests, 30 to 70%, exercise and rest thallium-201 scin- — 
tigraphy, 85 to 100%; and coronary arteriography, 67 Ons) 

100%.16 Thus, no single test was completely reliable for — 
predicting these untoward events. Moreover, patien T» : 
who had recovered from AMI and were shown to have 
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TABLE! Mortality after Acute Myocardial Infarction from 
Day 2 to 1 Year in 2,290 Patients 








Cumulative % of All 
Day Mortality Deaths 
19 11% 50% 
100 16.5% 75% 
i 365 22 96 100% 


Adapted from Gilpin et al.® 


TABLE | Mortality after Acute Myocardial Infarction from 
| Hospital Discharge to 1 Year Later in 818 


Patients 
PES i CREARE RUND JU a NT et y CR 
Time Cumulative 96 of All 
(months) Mortality Deaths 
<6 8% 68% 
6 to 12 11% 100% 


| Adapted from Madsen et al.? 


oroximal left coronary artery disease on “routine” 
'oronary arteriography had a 7-fold increase in mor- 
ality (27 vs 4% in those without proximal left anterior 
lescending disease) over the next 2 to 21 years; 82 to 
1576 of all deaths occurred in patients with proximal left 
interior descending disease.!?-?! These and other 
lata???? suggest that: (1) patients who are asymptom- 
itic after AMI should be stratified into at least 2 
ubgroups, high risk and low risk; and (2) findings from 
readmill exercise test with electrocardiogram and blood 
»ressure monitoring and probably combined with 
hallium-201 scintigraphy plus coronary arteriography 
nd left ventriculography would identify almost all 
iatients at high risk for untoward cardiac events. 

Review of the data in group C patients from 

/ASS19?1! strongly suggests they were likely a low-risk 
roup because: (1) most survived to 6 to 9 months after 
. ME (2) the 160 patients included those with 1-, 2- and 
-vessel disease, while those with left main coronary 
rtery disease were appropriately excluded; (3) the in- 
idence of proximal left anterior descending disease in 
roup C patients is not described but in the total group 
f CASS patients it was 3196;?* (4) the incidence of ex- 
rcise-induced ischemia in group C patients is not de- 
ribed but in the total group of CASS patients it was 
60%; and (5) impaired left ventricular function was 
ncommon. Only 34% (54 of 160) of patients had a left 
entricular ejection fraction of 0.36 to 0.49. 

Therefore, the findings of group C patients from 
ASS who were a low-risk group should not be applied 
| the high-risk patient soon after AMI without 
roof. 

(5) The 7-year survival data of all 780 patients from 
ie randomized CASS now show an improved survival 
te in those patients with 3-vessel disease and a left 
mtricular ejection fraction of 0.36 to 0.49 assigned to 
rgical therapy compared with medical therapy (88 vs 
7o, p < 0.0094).25 The total number of randomized 
itients with these 2 angiographic characteristics was 
; although the post-AMI cohort (group C) is included 

these 78 patients, the number of post-AMI patients 
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TABLE Ill Characteristics of Group C (Postinfarction) 
Patients from the Randomized Coronary Artery 
Surgery Study 


After well documented AMI j 
Time from AMI to randomization: 
Averaged 286 days (9.5 months) 
Was within 6 weeks in 35 patients (22%) 
Almost 100% had no chest pain (angina-free) 
Patients were not ''asymptomatic;" >50% were moderate-to- 
severely limited and 10 to 1596, mildly limited, intermittently 
Of a total of 160 patients: 
82 were assigned to “‘medical’’ and 78 to "surgical" groups 
Patients with 1-, 2-, and 3-vessel disease included 
Patients with normal and reduced LV ejection fraction included 
160 patients came from 11 centers over 46 months (i.e., 0.32 
patients/month/center) 
34% (54/160) had LV ejection fraction 0.36 to 0.49 


Adapted from the Coronary Artery Surgery Study. 1:11 
AMI = acute myocardial infarction; LV = left ventricular. 





with these 2 characteristics must be small. Therefore, 
one cannot be sure this improved survival applies to the 4 
post-AMI patient. 

For all of the reasons discussed herein, one must re- 
ject the hypothesis that all asymptomatic patients who 
are in the early recovery phase of AMI do not need 
coronary bypass surgery and coronary arteriography. 
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Limitations, Risks and Complications of Laser 
Recanalization: A Cautious Approach Warranted 


GARRETT LEE, MD, RICHARD M. 
MARSHALL H. LEE, MD, JOHN L. RINK, ROBERT L. REIS, MD, 


IKEDA, MD, MING C. CHAN MD, 


JEROLD H. THEIS, DVM, PhD, REGINALD LOW, MD, WILLIAM J. BOMMER, MD, 
ANDREW H. KUNG, PhD, ELIAS S. HANNA, MD, and DEAN T. MASON, MD 


The potential use of laser radiation to treat athero- 
sclerotic obstructive disease is recognized.!-? In contrast 
to nonendarterectomized bypass surgery, in which the 
atherosclerotic plaque is left intact, laser can vaporize 
and remove the plaque material at the diseased site. 
This is accomplished by delivering laser energies 
through flexible optical fiber to widen the luminal di- 
ameter of the existing atherosclerotic narrowed channel 
or even create a new channel for blood to flow.®’ It is 
virtually possible to treat the plaque and remove the 
vascular obstruction by interventional catheterization 
technique while the patient is awake. However, while 
this exciting potential exists, current limitations, risks 
and complications, as discussed herein, warrant atten- 
tion and caution before clinical application. 

Effects of laser radiation on atherosclerotic 
plaque: The action of a laser beam on atherosclerotic 
plaque involves the absorption of light energy by the 
plaque and the conversion of this energy into heat, 
which results in the vaporization of the plaque. The 
resulting vaporized area or crater is surrounded by a 
charred lining (Fig. 1). These effects have been dem- 
onstrated on postmortem human coronary atheroscle- 
rotic arteries.! The depth of plaque penetration varies 
according to the absorptive characteristics of the plaque 
(i.e., lipid, hyaline and calcium), as well as the physical 
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properties of the laser beam (i.e., wavelength of laser, 
beam focus, power intensity and duration of exposure). 
In general, deeper laser penetration occurs in low- 
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density plaque (i.e., lipid) using focused beam, high- a s 


power intensity and longer exposure times.? 


Long-term studies on the effects of laser radiation - 
have been reported on atherosclerotic animal models ~ 
using swine,? rabbits? and monkeys.!? The vaporized _ 
atherosclerotic crater was initially covered with fibrin — 


and platelets and followed by re-endothelialization. In 


FIGURE 1. Cross section of obstructed human epicardial coronary artery - y 
through atherosclerotic plaque of mixed composition. Note vaporized- 

central area surrounded by charred lining. Beyond this lining is (A) lipid — 
material, (B) hyaline and (C) calcium. Magnification X 100, reduced — 
75%. h: 
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sclerotic development at the lased site. 
_ Limitations of current laser systems: Several la- 


sers, including argon, neodymium-yttrium-alumi- 


mnum-garnet (Nd:YAG), carbon dioxide (CO) and 
‘excimer, have been used to vaporize atherosclerotic 


M 


plaque.1—4.11.12 Each of these lasers emits a specific 
‚wavelength, which is dependent upon the specific lasing 
medium-argon (488-514 nm), Nd:YAG (1,060 nm), CO; 
(10,600 nm) and excimer (193, 248, 308 and 351 nm). 
Although a variety of lasers are available for medical 
use, the ideal laser, which would emit a beam that is 
specifically absorbed by plaque but spare the normal 
vascular wall, has not been discovered. 

_ Upon exposure to plaque, the visible beam of the 
argon and the invisible infrared radiation of the Nd: 
YAG and CO» lasers produce a vaporized crater and 
charred lining adjacent to the crater. The longer the 
duration of exposure, the greater the charring effect. 
Beyond the charred lining, an area of acoustic injury 
may exist in which there is disruption and boiling of 
cellular and noncellular material. On the other hand, the 
excimer laser produces ultraviolet light, which causes 
photochemical ablation of the atheroma with little or 
no thermal injury. Hence, the depth of penetration 
varies with the cumulative number of ultraviolet pulses, 
while the diameter of the lased channel remains largely 
undamaged. Although use of ultraviolet light may have 
certain advantages, its mutagenic or toxic effect is still 
not known. 

. Limitations of current optical fiber delivery 
system: Because of the refractive properties of thin 
flexible optical fiber («1 mm in diameter) made of silica 
quartz, laser energies can be transmitted down the fiber 
with little energy loss. The fiber can be manipulated 
through slight curves and bends inside a medium- or 
small-sized artery. However, its distal tip must be 
placed coaxially as close as possible along the vessel's 
central axis. Quartz fibers with a sufficiently large core 
diameter for transmitting the necessary laser power for 
vaporization (i.e., 200 to 600 um in diameter) are rela- 
tively stiff and their distal tip relatively sharp for pas- 
sage inside delicate, thin-walled blood vessels. 









"IGURE 2. Examples of a variety of mechanical or laser perforations 
n small thin-walled vessels (i.e., coronary arteries). A, the flexible quartz 
iber is taking the pathway of least resistance. B, the perforation is 
'ccurring at a tortuous site and (C) a branched site. 
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through flexible quartz fibers. However, optical fibers 
used to deliver the long wavelength CO» or the ultra- 
short wavelength excimer light (i.e., 193 nm) are not 
readily available, because the materials used to transmit 
the beam efficiently are not technically feasible at 
the present time, or may be toxic under physiologic 
conditions. 

Problems with intravascular laser absorption on 
plaque: Atherosclerotic plaque is chiefly composed of 
mixtures of lipid, fibrous and calcified materials (Fig. 
1). The ingredients in plaque are so heterogeneous that 
no 2 plaques are identical.!? Thus, spectrophotometric 
absorption studies to characterize plaque are difficult 
to perform. Because laser light must be absorbed to 
exert an effect, an ideal laser wavelength that is spe- 
cifically absorbed by plaque but not the surrounding 
normal tissue has not been achieved. Nevertheless, the 
absorption of argon, Nd:YAG or CO» laser radiation by 
plaque is optimum in a dry field. In a wet field, there is 
remarkable attenuation of energy absorption upon the 
target obstruction. For example, in 1 report, using a CO; 
laser with a 0.2 mm focal spot in air, plaque dissolution 
occurred at a minimum total energy of 2.5 joules.? Under 
saline solution, CO» energies are well absorbed by water 
and similar degree of plaque damage required a total 
energy of greater than 5 J.? 

Because laser energy must be transmitted inside a 
living blood vessel via flexible quartz fiber, red blood 
cells could be exposed to intense heat energy. Argon 
energies are particularly well absorbed by red blood cells 
owing to their hemoglobin pigment, but are poorly ab- 
sorbed by water. Indeed, there is a decrease in plasma 





FIGURE 3. Cross section of obstructed human epicardial coronary 
artery. Argon laser energies transmitted via flexible quartz fiber from 
existing channel A caused vaporization of atherosclerotic plaque and 
created a newly vaporized channel B. The exit site of the newly created 
channel B that perforated the medial (med) and adventitial (adv) layers 
is shown. Magnification X20, reduced 91%. 
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cell volume and an increase in plasma hemoglobin with 
each exposure.!^ In studies in which a coolant such as 
diluted blood or saline solution is used in conjunction 
with laser vaporization to serve as a heat sink in order 
to dampen nontarget tissue effects, higher and longer 
durations of laser exposure are necessary to achieve a 
desirable degree of tissue vaporization effect. 

Vascular perforation: A major complication of 
current laser recanalization is vessel perforation, either 
mechanically induced or laser induced (Fig. 2). In 
human cadaver atherosclerotic obstructive arteries, a 
slightly misdirected optical fiber can deliver a thermal 
burn through the atherosclerotic plaque and beyond the 
arterial wall (Fig. 3). Further, the temperature achieved 
at the perforation site may cause considerable dessi- 
cation and contraction of vascular wall and lumen 
(Fig. 4). 

In in vivo dog experiments, a clinical laser angioplasty 
procedure!? was simulated by exposing the right carotid 
artery, inserting a coronary guiding catheter, advancing 
the catheter into the ascending aorta and positioning 
its distal tip at the left coronary orifice via fluoroscopic 
guidance. A quartz fiber was inserted into the guiding 
catheter, advanced through the entire length of the 
catheter and out into the left circumflex or left anterior 
descending coronary artery. Using an argon laser, 
energies delivered by 400 uum central core quartz fiber 
approximating those used to vaporize atherosclerotic 
plaque and thrombus produced coronary perforation. 
Consequently, there was pericardial tamponade, he- 
modynamic deterioration, electrical instability and, 
finally, death. Postmortem examination showed ther- 
mal-induced coronary perforation with a blood-filled 
pericardial sac. Microscopic sections adjacent to the 
perforated site showed evidence of perivascular hem- 
orrhage and in other sections, where laser radiation 
penetrated the coronary artery, there was thermal in- 
jury of cardiac muscle, myocardial hemorrhage and 
necrosis.!? 

Laser-induced damage to arterial wall and an- 
eurysm: In in vivo experiments studying the acute and 
chronic vascular response to argon laser radiation, 
atherosclerosis was induced in rabbits fed an athero- 
genic diet. Vaporization of plaque in the ascending 
atherosclerotic aorta was attempted by passing a cath- 
eter in an anterograde fashion through the left ven- 
tricular cavity or by the retrograde approach into the 
iliac artery and up the abdominal aorta. In acute studies, 
low energies (3 to 6 J) produced vaporized crater 
through the atherosclerotic plaque within the intimal 
layer, but also could penetrate deep into the medial wall. 
In some long-term studies, areas of aneurysmal dilata- 
tion were evident causing exterior outpouching of the 
vessel wall. There was vaporization of plaque, thinning, 
necrosis and disorganization of the aortic elastic 
wall.? 

Further, in normal dog arteries exposed to laser ra- 
diation for up to 14 days, any 1 or more of the following 
features, including thinning or irregular dilatation of 
the muscularis layer, may be recognized (Lee G et al, 
unpublished observations). Thrombosis may be present 
and there is disruption of the endothelial lining. Damage 
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elastic membrane, loss of elastic fibers, necrosis of s 
smooth muscle and fibrous tissue replacement (Fig. 5). 
There can also be damage to the adventitial layer with s E 
a marked fibroproliferative response. E 

Gas vapors and debris: Early laser studies on - 
human coronary atherosclerotic vessels demonstrated 
that miei laden plaque can be completely e RE i 


charred debris es the irradiated pathway.!4 The g 5 
more calcified the plaque, the more residual debris was  : 
present. This may reflect insufficient or incomplete 
absorption of laser energy to vaporize these materials 


downstream, whichever direction blood is flowing. 

Gas vapors are emitted during laser radiation of — 
plaque. Analysis of the gas vapor by gas chromatogra- - 
phy and mass spectroscopy yields water vapor, carbon  . 
dioxide, Kur hydrogen and light chain hydroca sam = | 





FIGURE 4. A, fresh carotid artery from a dog before intravascular argon — - 
laser radiation. The outer diameter of this artery is 5 mm. B, same ca- - 
rotid artery after laser exposure using total energy of 15 J through the — 
wall of the artery delivered via 400-,.m-diameter core quartz fiber — 
inside the artery from the direction of the black arrow. Note perforation — 
and pathway of charred exit. Note also contraction of vascular wall and 


site (white and open arrows) is 3.5 mm. 
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FIGURE 5. Cross section of femoral artery of dog 14 days after expo- 
sure to argon laser radiation. The lumen is occluded with an organizing 
thrombus and there is aneurysmal dilatation of the necrotic muscular 
artery (med). In 1 area there is loss of elastica intima and perforation 
of necrotic wall (large arrow). Surrounding the adventitia (adv) is marked 
fibroproliferative response. Magnification X20, reduced 91%. 


absorbence spectroscopy following laser treatment of 
plaque yield small protein fragments consistent with 
collagen material. Although some investigators suggest 
that these photoproducts represent small quantities of 
nontoxic compounds that are plasma soluble and do not 
pose any hazards of emboli to the distal vascular bed, 
definitive in vivo studies are needed to substantiate 
these impressions. 

Vascular thrombosis and embolism: Disruption of 
subendothelial structures by laser radiation can expose 
collagen and induce platelet aggregation, fibrin depo- 
sition and thrombosis (Fig. 5). Indeed, in long-term 
animal studies platelet fibrin clot deposition over in- 
travascular lased sites has been demonstrated. Using 
2-dimensional echocardiography to monitor argon laser 
firing, a technique first described by Bommer et al,!? 
contrast echoes were observed emitted from fiberoptic 
catheter tip during laser firing in live dog vessels. After 
extended firings, a movable echo mass developed at the 
catheter tip and occasionally at the vascular wall. These 
echo masses were later identified as thrombi on post- 
mortem examination. 

Complications encountered in clinical studies: 
Laser recanalization has been attempted in the coronary 
arteries during bypass graft surgery. In 1 report,!? 5 
patients with significant left anterior descending or 





'IGURE 6. Small amounts of residual charred debris (black arrows) after laser radiation of coronary artery (open arrow) containing remnants of 


therosclerotic plaque. 
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right coronary artery disease had their stenotic lesion 
treated by argon laser radiation delivered by flexible 
quartz fiber. Total argon energies between 60 and 1,231 
J were applied. One patient who was exposed to 1,231 
J of total energy had his right coronary artery stenotic 
segment excised and biopsied; the histologic specimen 
showed extensive charring, medial wall disruption and 
coagulation necrosis. In the remaining 4 patients, 3 had 
occlusion/restenosis of their lased native vessel within 
25 days of intervention. It is possible that these arteries 
thrombosed or closed off because of competitive flow. 
One of these patients had mechanical or laser-induced 
coronary perforation during the procedure. 

In conclusion, laser recanalization may become an 
attractive alternative to bypass surgery. It is an inno- 
vative approach that is less invasive than bypass sur- 
gery. When the technology is fully developed, cost 
savings may be significant. However, the problems and 
limitations in existing laser and optical delivery systems 
must be overcome and technical advancements must be 
achieved. Further, the risks and complications noted 
from basic experimental studies must be recognized and 
solutions applied to avoid them before laser recanali- 
zation of atherosclerotic disease can become a successful 
clinical reality. 
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Antiarrhythmic Drug Classification: New Science 
and Practical Applications 


DONALD C. HARRISON, MD 


Cardiologists have proposed a number of classifications 
for antiarrhythmic drugs during the past 3 decades and 
most of them have provoked considerable controver- 
sy. However, the 4-part classification presented by 
Vaughan Williams in 1969,! based on microelectrode 
studies in isolated cardiac cells exposed to a series of 
chemical compounds, has been generally accepted and 
is the most widely used. Class I of his scheme comprises 
commonly used antiarrhythmic drugs that act on the 
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fast sodium channels. The prototype is quinidine, long 
studied by electrophysiologists. Class II comprises drugs T 
that block -adrenergic receptors (even though the 
biochemical definition of “6 receptor" had not been E 
made in 1969); propranolol, the prototype for this class, A 
was described as having antiarrhythmic as well as po- 3 
tent -blocking properties. Class III contains drugs that : 
prolong the duration of the intracellular action poten- — 
tial; amiodarone was the classic example, although the ~ 
physiologic abnormality of hypothyroidism produced sim- 
ilar actions. Class IV agents are calcium-channel block- — 
ing drugs; verapamil was the only one then available. 3 
Confusion arose when studies showed that some 4 
drugs have more than 1 mechanism of action (electos dA 
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TABLE! Harrison Modification of Class | Agents 
. Class Actions Agents 
IA Widens QRS and slows conduction at high Quinidine 








concentrations Procainamide 
Prolongs QT interval and lengthens Disopyramide 
duration of action potential Cibenzoline 
Lengthens refractory periods 
IB Limited effect on QRS and conduction Lidocaine 
Shortens repolarization and QT Tocainide 
Elevates fibrillation thresholds Mexiletine 
Ethmozine 





IC Widens QRS and slows conduction at low  Encainide 
concentrations Lo cainide 
Little effect on repolarization and duration Flecainide 


of action potential Propafenone 
Small changes in refractoriness Indecainide 


physiologic effect) and therefore may belong to more 
than 1 class. For example, amiodarone has not only class 
[II action but class I sodium channel-blocking action 
as well,? and sotalol is a class II 8 blocker with class III 
actions. The solution has been to classify drugs with 
more than 1 mechanism of action according to their 
predominant action. 

During the 1970s more than a dozen new chemical 
compounds with laboratory and clinical antiarrhythmic 
effects were studied. Most of these were local anes- 
thetics that affect membrane sodium channels and were 
olaced in class I. In 1979, at an international conference 
yn arrhythmias at Stanford University, I proposed the 
livision of class I into subgroups IA, IB and IC,’ based 
on clinical observations, microelectrode studies in car- 
liac muscle and specialized conducting tissues and 
linical electrophysiologic studies. This scheme de- 
pended largely on the differences among the effects of 
these drugs at common clinical concentrations on conduc- 
sion in the specialized conducting tissue of the heart 
ind on ventricular refractoriness and repolarization.4 
Jnfortunately, scientific evidence was incomplete then 
ind the scheme had to be at least partly empiric. 

. During the past 6 years, however, several new chem- 
cal compounds were introduced. Basic studies of these 
'ompounds both reinforce the logic of the proposed 
subdivision and add more agents to it (Table I).4° Still, 
he scheme was challenged not only for class I drugs, 
such as amiodarone, with multiple electrophysiologic 
ictions, but also for drugs, such as quinidine and pro- 
ainamide, which lengthen duration of action potential 
it higher concentrations by mechanisms unrelated to 
heir sodium channel-blocking actions. 

- Thus, my subclassification of class I agents has been 
oth criticized and praised. This editorial defends it on 
he basis of additional scientific data now available, but 
aore important, demonstrates its practical use in 
elping the physician understand antiarrhythmic drugs 
nd treat patients with arrhythmias. 


New Scientific Data 


Because all class I agents block fast sodium channels 
a cell membranes, it has been postulated that the only 
ifference between classes IA, IB and IC is in the con- 
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centration necessary for blocking; that is, not funda- 


mental but pharmacodynamic principles separate the 
subclasses. Recently, however, a series of investigations 
has suggested a scientific basis that supports my expe- 
rience-based subgrouping.9 

Purkinje cells have sodium channels in at least 3 
states: closed near the resting potential but available 
to be opened by stimulation and depolarization; open 
and letting sodium ions selectively pass; and closed but 
not available to be opened and thus inactive. Investi- 
gators have suggested that antiarrhythmic drugs com- 
bine with sodium channels in their inactive state and 
thereby interfere with recovery after repolarization.? 
Studies?-1? of the maximal rate of depolarization 
(MRD) upon stimulation at increasingly frequent in- 
tervals after repolarization allow approximate mea- 
surement of the number of channels that have recov- 
ered. By estimating the percentage of channels 
permanently eliminated and the percentage with no 
drug attached, a drug's effects on electrical threshold 
and activity can be estimated. Antiarrhythmic drug 
actions are frequency-dependent, and their effect in 
reducing the MRD and conduction velocity is a function 
of the frequency of a train of stimuli. Once the steady- 
state MRD depression is reached, recovery is expo- 
nential and can be determined by a single stimulus given 
after depression.9.19 

Studies of class I antiarrhythmic agents using this 
technique? show that class IB drugs, such as lidocaine, 
have rapid “dissociation from channels" with recovery 
of MRD; class IC drugs, such as flecainide and encain- 
ide, produce very long recovery times and slow disso- 
ciation; and class IA drugs show intermediate recovery 
times. Onset kinetic studies for drugs in these classes 
give the same grouping. Lidocaine and mexiletine (class 
IB), for example, had time constants for attachment of 
less than 0.5 second, and steady-state depression of 
MRD was achieved in a few beats after starting a train 
of stimuli. In contrast, class IC drugs, such as lorcainide 
and encainide, did not produce steady depression of 
MRD until 20 or more beats into a train. 

Thus class I antiarrhythmic drugs can be subdivided 
by their onset-offset kinetics determined electro- 
physiologically in vitro? to correspond to my proposed 
subdivision. Further, the evidence suggests that the 
fundamental action of all class I agents is similar, in- 
volving attachment to sodium channels in their inactive 
state, but that quantitative differences in the rapidity 
of their attachment and detachment from channels 
account for their different clinical profiles. These 
preliminary studies provide a rational scientific basis 
for the subdivision as well as hypothetical explanations 
for some of the differences in clinical electrophysio- 
logical and electrocardiographic observations of these 
drugs. 


Practical Applications 


For a classification to be practical, it must help car- 
diologists and other physicians to understand antiar- 
rhythmic drugs better and use them more effectively to 
treat patients. The subclassification I propose has sev- 
eral practical applications.!? 
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He ET It ides ; a common scientific basis for dis- 
_ cussing antiarrhythmic drugs, particularly new agents. 
3 Once their cellular electrophysiology has been studied, 
. scientists and physicians can easily identify class IA, IB 
. or IC drugs by their actions, discuss them with col- 
_ leagues and design rational clinical trials for them. 

(2) It enables the clinician to predict and understand 
the effects of a given antiarrhythmic drug on an elec- 
trocardiogram. Drugs in class IC, for instance, would 
be found, as expected, to affect QRS duration more 
profoundly at lower therapeutically effective 
concentrations. 

(3) It permits the cardiologist to choose a specific 
drug to study for a specific disorder. For instance, drugs, 
such as propafenone and encainide, in class IC would 
be expected to profoundly affect conduction in the 
Wolff-Parkinson-White syndrome, because they 
strongly affect conduction in His-Purkinje tissue and 
cardiac muscle cells. 

(4) It allows the clinician to determine whether a 
particular drug should be administered for a specific 
syndrome. For example, drugs in class IA, such as 
quinidine, would not be administered to patients with 
congenital prolongation of the QT interval. Drugs in 

. class IB, on the other hand, would have little effect on 
repolarization and could safely be administered for ar- 
rhythmias in such patients. 

(5) It enables the cardiologist to understand and 
predict adverse effects of specific antiarrhythmic drugs. 
Drugs that have profound effects on conduction, such 
as encainide, would be used cautiously in patients with 
intraventricular conduction defects, because they 
probably would produce a higher incidence of heart 
block. 

(6) This scheme encourages rational combinations 
of drugs for patients with specific life-threatening ar- 
rhythmias. For instance, combining class IA and class 
IB drugs would produce additive antiarrhythmic actions 
with fewer major electrophysiologic adverse effects. 
Class IC and class IB drugs could also be combined, but 
caution is warranted in using class IA and class IC 
drugs. 

Although all classification schemes have provoked 
some controversy, the proposed subdivision of class I 
agents has prompted electrophysiologists to search for 
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decrease if the basis described proves reproducible, but. ^ 


more studies are necessary; 1 result may well be the - 
shifting of some drugs from 1 subgroup to another. 


Re i 


Because drugs may have more than 1 mechanism of - 
action, any classification scheme that assigns them 0 
subgroups on the basis of a single effect is likely to be De 
disputed. 
Even if the scientific basis being investigated is noun : 
established, the Harrison modification of the Vaughan — 
Williams classification is still a useful and practical way - 
for physicians to describe the actions of these agents. i 
I believe this scheme has both enhanced communication 
among basic scientists and clinicians and enabled the - 
more rational and effective use of antiarrhythmic 4 
drugs. E 
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The year 1985 marks the 18th anniversary of the i in- 
troduction of programmed electrical stimulation (PES) — i> 
of the heart in clinical cardiology.!? As with other new 
techniques, the interest and use of PES behaved likea — 

sinusoidal curve. A slow start was followed by overen- - 4 
thusiasm, changing into a piang of spestioning: the real - 
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. place of PES in the management of patients with re- 
current tachycardias, particularly in patients with 
ventricular arrhythmias. Studies like that reported by 

- Morady et al? in this issue of the Journal reflect the 
changes that have occurred in recent years. Too many 
studies have been published without considering the 
type of arrhythmias induced. Different causes and types 

of arrhythmias have been grouped together. For PES 

to reach maturity the real indications, value and limi- 
tations of the technique must be known. We believe that 

'to reach this goal 5 conditions must be fulfilled. 

. Condition 1: Accurate classification of arrhythmias 
induced and their significance in relation to the clinical 
question or problem. 
In analyzing results of PES, not enough attention has 
been given to the type of arrhythmias that can be in- 
duced. Tachycardias were classified as sustained or 
nonsustained on the basis of their duration or need of 
intervention to be terminated. The duration required 
for an arrhythmia to be considered sustained varied, 
and still does, from institution to institution. Why and 
which type of intervention was needed to terminate the 
arrhythmia was mostly left to the reader's imagination. 
We have reported how spontaneous and induced ar- 
rhythmias are classified at our laboratory.4 Although 
this classification is by no means complete or perfect, 
its systematic use helped us to understand that not all 
induced arrhythmias have the same significance. 
Nonsustained polymorphic ventricular tachycardia 
(VT), but also ventricular fibrillation (VF), can be 
initiated during PES in patients without structural 
heart disease not suffering spontaneously from the 
arrhythmia.^ 

— These arrhythmias can also be initiated in patients 
with a healed myocardial infarction or other structural 
heart disease independent of presence or absence of the 
spontaneous occurrence of these arrhythmias.? How- 
ever, a sustained, regular monomorphic VT was never 
initiated in the normal heart unless the arrhythmia had 
occurred spontaneously (idiopathic VT). These obser- 
vations suggest that initiation of a sustained mono- 
morphic VT requires a pathophysiologic substrate that 
is not present in the normal heart without spontaneous 
VT, a finding that might have greater significance than 
initiation of polymorphic or nonsustained arrhythmias. 
At about the same time, the first results of PES in pa- 
tients after myocardial infarction not suffering from 
spontaneously occurring VT were reported.9? These 
studies suggested that PES was a valuable tool to 
identify patients after myocardial infarction who were 
at risk of developing spontaneous V'T or sudden cardiac 
death. These observations could so far not be confirmed 
by other laboratories, including our own.? 'T'hose studies 
were important, however, for other reasons. They il- 
lustrated that in 30% to 50% of patients with healed 
myocardial infarction not suffering spontaneously of 
ventricular arrhythmias, a sustained monomorphic V'T 
could be initiated by PES. Even in the initial reports,®” 
the positive predictive value of this finding to recognize 
patients at risk was low (less than 30%). 

Questions therefore arise about the sensitivity and 
specificity of PES in patients with healed myocardial 
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infarction. The initiation of a sustained monomorphic 
VT per se can no longer be considered a highly specific 
finding, and further characterization of sustained mo- 
nomorphic VT is required. By comparing the charac- 
teristics of sustained monomorphic VT induced in 4 
groups of patients after myocardial infarction, we have 
recently shown that the arrhythmia is faster and re- 
quires more premature stimuli for induction in patients 
not suffering clinically from the arrhythmia compared 
with patients suffering spontaneously from VT or VF 
after myocardial infarction.? Therefore, fast VT may 
have less clinical significance than previously believed. 
Research should be directed to further characterizing 
ventricular arrhythmias initiated during PES not only 
in patients with healed myocardial infarction, but also 
in patients with VT of other origin and in the normal 
and abnormal heart. 

Condition 2: Standardization of PES protocols rel- 
ative to the clinical problem or question. 

If a variety of ventricular arrhythmias without major 
significance can be initiated in different patient popu- 
lations, both the arrhythmia and the mode of their in- 
duction should be classified carefully. This requires 
standardized programmed ventricular stimulation 
protocols using consecutive steps in the same order in 
all patients. The most appropraite stimulation protocol 
to reproduce the documented monomorphic VT in pa- 
tients with healed myocardial infarction may be dif- 
ferent from that required to reproduce clinical VT in 
patients with other etiologies of VT. Efforts must be 
directed to obtain stimulation protocols with a high 
sensitivity and specificity to recognize patients with a 
particular ventricular arrhythmia, which are safe, ac- 
curate and short (in that order). In experienced hands, 
safety of PES has not been a problem. Accuracy of PES 
is highly dependent upon the use of the appropriate 
stimulation protocol and correct interpretation of re- 
sults. Shortening the time of an electrophysiologic study 
depends not only on experience, but also on avoiding 
stimulation steps that do not provide additional or 
important information. In recent years we have devel- 
oped a standardized ventricular stimulation protocol 
from the right ventricular apex using 12 consecutive 
steps giving a maximum of 3 premature stimuli during 
sinus rhythm and pacing at 3 different rates.? We know 
the sensitivity and specificity of this stimulation pro- 
tocol in a variety of tachycardias and causes of mono- 
morphic VT. Careful analysis of results of the different 
stimulation steps taught us that some of them do not 
bring additional information. Also, some stimulation 
steps, instead of increasing sensitivity of PES, result in 
a marked decrease in specificity. Comparing our stan- 
dardized stimulation protocol to other protocols, we 
have learned that an increase in current strength above 
twice diastolic threshold or pacing at the right ventric- 
ular outflow tract do not bring additional information 
to our standardized stimulation protocol.? Similar ob- 
servations are reported by Morady et al? in this issue. 
We realize that our stimulation protocol may not be 
ideal. In fact, PES may not be the most appropriate way 
to reproduce some particular types and causes of VT. 
For instance, in patients with sustained monomorphic 
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; "idiopathic V VT not related to wore. PES reproduces 
the arrhythmia i in 75% of them, but only in 33% when 
A VT is exercise-related. The lower sensitivity of PES in 
_ these patients compared with patients with VT and 

- healed myocardial infarction may be the result of a 

different electrophysiologic mechanism of the ar- 
rhythmia. When idiopathic VT is related to exercise or 
emotions, administration of isoproterenol or a simple 
exercise test are easier means to reproduce the VT in 
thgse patients than PES. As previously stated, these 
data can only be obtained when an identical stimulation 
protocol with the same consecutive steps is used in all 
patients. Ideally, all electrophysiology laboratories 
should use the same stimulation protocol for the same 
clinical problems or questions. This would rapidly bring 
information not only about the value of that stimulation 
protocol, but would also allow comparison of results 
between different institutions. 

Condition 3: Known sensitivity, specificity and pre- 
dictive value of stimulation protocols and arrhythmias 
induced relative to the clinical problem or question. 

Major revisions on the sensitivity, specificity and 
predictive value of PES are required in the light of re- 
cent observations in patients undergoing PES after a 
myocardial infarction without having suffered from 
ventricular arrhythmias. Studies show that the elec- 
trophysiologic substrate for a sustained VT is present 
in at least one-third of these patients.9" Sensitivity and 
specificity of PES was previously studied by comparing 
results of PES in patients with healed myocardial in- 
farction and clinically documented V'T with results 
obtained in patients without a myocardial infarction or 
V'T. Study of the value of initiating VT should be 
compared in 2 patient populations with the same dis- 
ease, 1 group suffering and the other not suffering 
from spontaneously occurring sustained VT. We found 
that the mode of initiation and the characteristics of 
monomorphic V'T induced are not the same in these 2 
groups of patients.? Therefore, initiation of a sustained 
monomorphic V'T during PES per se can not be con- 
sidered a highly specific finding. In the reassessment of 
PES to initiate sustained monomorphic VT, the char- 
acteristics and mode of initiation of the arrhythmia 
musí be carefully considered in order to increase the 
sensitivity and specificity of this finding. These con- 
siderations should be kept in mind in estimating the 
value of PES to uncover the cause of clinical problems 
such as syncope or dizziness of unknown cause in pa- 
tients without documentation of ventricular arrhyth- 
mias. Some studies reported that in these patients a 
ventricular arrhythmia can be initiated by PES.!? 
Considering results of PES in patients with myocardial 
infarction without ventricular arrhythmias, and 
knowing the poor specificity of polymorphic VT in- 
duced by PES, one wonders what value should be given 
to induced arrhythmias that were never clinically doc- 
umented in patients with syncope of unknown cause. 

Condition 4: Standardize endpoints during PES 
relative to clinical problem or question. 

Ability to reproduce the clinical arrhythmia in pa- 
tients with VT or VF depends on several factors. Among 

_ them, the type of ventricular arrhythmia, clinical pre- 
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sentation and origin play a very important role. PES h; i as 
been used to try to reproduce almost every known Me 
of arrhythmia. However, controversy still exists about | e. 
the appropriate endpoints during the study. The ap- ` 
propriate endpoints may be different, depending on the - 
clinical problem or question. In patients with docu- — 
mented, sustained, monomorphic VT, we have no a 
doubts that reproduction of the clinically documented . 
arrhythmia should be attempted during the study. The | meee 
arrhythmia can be easily and safely reproduced when | E 
it occurs in the presence of a healed myocardial infarc- - 
tion. With this knowledge and also knowing the poor — 
specificity of initiating nonsustained tachycardias, - p 
particularly when polymorphic, we have difficulty in - 
accepting the initiation of a nonsustained arrhythmia — 
as an endpoint. However, even when a sustained ar- | 
rhythmia is initiated, careful comparison of the 12-lead * 
electrocardiogram of the documented and initiated VT — 
is required to prove similarity between them. Should — 
this not be the case, PES should be continued until the 
clinical VT is obtained. Different morphologic types of 
sustained monomorphic VT with a similar rate may | 
represent the same VT with different exit points,!! a | 
phenomenon similar to aberrant conduction during — 
supraventricular tachycardia. However, initiation of the ` 
documented VT should be attempted because it will * 
give information not only about the true value of PES | 
to initiate the documented arrhythmia, but also about si A 
the incidence of induction of other types of ventra z 
arrhythmias during PES. Preliminary results in our | 
laboratory using this approach have shown that addi- — 
tional morphologic patterns of VT can be initiated in 4 
77% of patients with myocardial infarction. The situa- _ 
tion becomes more complex when patients resuscitated _ . 
from sudden death are studied by PES. At the time of * | 
resuscitation by the rescue team most of these patients | 
have VF,!? but documentation of the event initiating . 
VF is usually missing. Most victims resuscitated from _ 
sudden cardiac death have severe coronary artery dis- _ 
ease and healed myocardial infarction. Therefore, the- 5 
significance of arrhythmias initiated during PES is | 
extremely controversial. Sustained monomorphic VT _ 
and VF are, however, initiated with fewer premature _ 
stimuli in these patients than in patients with myocar- | 
dial infarction not suffering from VT or VF.° Definition — 
of the appropriate endpoints during PES must include | 
not only the ability to induce an arrhythmia, but also . 
its characteristics and mode of induction. E 
Adequate endpoints in patients with clinically doc: 3 E 
umented nonsustained VT are also difficult to deter- 
mine. In 40% of patients with a single documented . $ 
episode of nonsustained monomorphic VT after myo- | d 
cardial infarction, a sustained monomorphic VT can be  . 
initiated by PES. This incidence of induction of sus- Po 
tained monomorphic VT is the same as in patients with — 
healed myocardial infarction not suffering sponta- | 
neously from any arrhythmia. The characteristics and _ 
mode of induction of sustained monomorphic VT in — 
these 2 groups are not different. Inducibility of these - E 
arrhythmias did not have prognostic or therapeutic — 
consequences in either group.? We believe, therefore, ^ 
that patients with a single episode of nonsustained VT 
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after myocardial infarction do not deserve study by 
PES. The same holds true for patients with multiple 
»pisodes of nonsustained VT of any origin. These 
achycardias are easy to document by 12-lead record- 
ngs, and because of the high incidence of these ar- 
hythmia, the patients do not require a PES study. 
l'reatment can be guided by electrocardiographic 
nonitoring. In some patients a PES study must be 
erformed for other purposes, such as the study of the 
ibility to change a nonsustained VT into a sustained VT 
»y pacing or drugs, or to establish the site of origin of VT 
yy mapping. Endpoints during PES in patients with 
locumented tachycardias are therefore dictated by the 
lifferent types, origins and clinical presentation of the 
rrhythmia. Stimulation studies in patients without 
locumentation of tachycardias must be considered 
üghly investigational and without practical conse- 
|uence for patient management. 

- Condition 5: Adequately define patient populations, 
linical problems or questions that require PES for 
urther management. 

We have not adequately defined the patient popu- 
ations, clinical problems or the questions that require 
'ES for better management. PES is performed for a 
aultitude of reasons: diagnostic, therapeutic, prognostic 
nd investigational. Patients are usually studied for 
10re than 1 of these. For diagnostic purposes PES is 
sed to determine the site of origin and the mechanism 
f tachycardia. Application of information obtained 
uring PES to the 12-lead electrocardiogram has en- 
rmously increased the diagnostic power of this non- 
1vasive and inexpensive tool.!? Differential diagnosis 
etween a supraventricular or a ventricular site of origin 
f the arrhythmia is rarely a problem. Even the mech- 
nisms of supraventricular tachycardia can be under- 
tood in most patients by carefully examining the 12- 
lad electrocardiogram during the arrhythmia. 
Iowever, there are situations in which the recording of 
itracavitary potentials and the study of the effect of 
med stimuli during tachycardia is required to fully 
nderstand the site of origin and pathways of the ar- 
iythmia. Diagnostic studies are also performed in 
atients in whom tachycardias are suspected but never 
ocumented, or in patients who suffer from symptoms 
hich might be caused by arrhythmias, such as syncope. 
8 discussed before, knowledge about the significance 
f arrhythmias induced in these patients is required 
efore certain findings during PES can be accepted as 
iagnostic. 

PES is being increasingly used as a tool to select the 
iost appropriate treatment in patients with docu- 
ented tachycardias. When implantation of an anti- 
ichycardia pacemaker is considered, a PES study is 
isential to know the applicability of pacing. Major 
roblems still exist about the value of PES in selecting 
itiarrhythmic drugs. Although suppression of indu- 
bility of tachycardia by an antiarrhythmic drug pre- 
cts short-term success with that drug,!* major dis- 
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ween results of PES and clinical outcome 
can occur. À drug that prevents induction of VT is found 
for only a few patients.!4 The prognostic significance of 
persistent inducibility during oral treatment can be very 
different, depending on the antiarrhythmic drug, cause 
and characteristics of the VT, patient's characteristics 
like the degree of left ventricular dysfunction and the 
stimulation protocols used. In patients with uncom- 
plicated myocardial infarction, initiation of repetitive 
responses or sustained VT (longer than 10 seconds) was 
reported to be associated with an increased risk of 
arrhythmic complications during follow-up.9" None 
of these findings could so far be confirmed by other 
institutions. 

PES should be considered as a tool to increase un- 
derstanding. Because clinical and nonclinical arrhyth- 
mias can be initiated by this technique, one can obtain 
an idea of the substrates, precipitating factors, predic- 
tors and determinants of the occurrence of spontaneous 
tachycardias. Modes of induction and termination of 
tachycardias can be evaluated, the effects of drugs on 
the tachycardia mechanisms studied, and by combining 
these data with mapping of intracardiac activation, a 
better understanding of the causes of arrhythmias in the 
human heart can be achieved. However, refinements are 
still needed and some questions must be answered be- 
fore PES can be considered of sufficient maturity to 
play a decisive role in the management of patients with 
proved or suspected tachycardias. 
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S ventricular Fibrillation During Coronary 
D Angiography: Association with 

o Potassium-Containing 

M. Glyceryl Trinitrate 


E PETER J. QUIGLEY, MB, MRCPI 
El BRIAN J. MAURER, MD 


Intracoronary boluses of glyceryl trinitrate are recom- 
-~ mended for the treatment of coronary artery spasm 
a occurring during coronary arteriography.! They also are 
m routinely used during percutaneous transluminal cor- 

. onary angioplasty before advancement of the balloon 
M catheter across an atherosclerotic narrowing to prevent 
_ spasm during or after the dilatation procedure. We re- 
~ port a patient in whom such prophylactic use of a po- 
= tassium-containing preparation of glyceryl trinitrate 
was followed by near-fatal ventricular fibrillation 


PE). 


A 46-year-old man was studied because of angina pectoris. 
Exercise electrocardiography was positive, with 1 mm of ST 
depression at 12 minutes. Coronary arteriography had shown 
a 90% diameter reduction of the left anterior descending 
artery lumen immediately distal to the origin of the left 
circumflex branch, and it was considered suitable for an- 
gioplasty. A No. 9Fr guide catheter was advanced to the os- 
tium of the left main coronary artery and repeat angiography 

performed to confirm the severity and location of the ste- 
nosis: 2 ml of a glyceryl trinitrate (Tridil®) solution (100 
ug/ml) was injected over 5 to 10 seconds directly into the 
coronary artery (i.e., 0.04 mEq K+) and was followed almost 
immediately by the appearance of numerous premature 
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| TABLE! Concentrations of Potassium and Sodium (milliequivalents) in Parenteral 
| Solutions of Nitroglycerin (NTG) 


| Solution [K*]/Liter [K*]/50 ug NTG [Na* ]/Liter [Na*]/50 ug NTG 
| Tridil® 100 0.01 0 0 
| 0.5 mg NTG/ml 
| Nitrosta 0 0 34* 0.002 
0.8 mg NTG/ml 
| Nitrocine® 0 0 0 0 
| 1.0 mg NTG/ml 


* As sodium citrate buffer. 
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ventricular complexes, culminating 10 to 20 seconds lateri n 
VF. The VF proved resistant to defibrillation and the patient 
was artificially maintained until after administration of f 
lidocaine, 100 mg intravenously, and the tenth Me l 
countershock (400 J each time), fast atrial fibrillation w 
restored and the patient recovered. A 12-lead electroc 'ardi 
ogram recorded immediately after resuscitation showec in 
evidence of ischemia. Repeat coronary angiograms confir d 
patency of the arteries. The patient then underwent : E LC 
cessful and uncomplicated angioplasty. EY 















































Parenteral preparations of glyceryl trinitrate \ 
enormously in their electrolyte content (Table Die 
Webb et al? recently emphasized the high potass 
concentration (100 mEq/liter) contained in Tridi 
which was used in our patient, and the exacerbation of 
angina and electrocardiographic changes caused by its 
administration directly into the coronary arteries. E Ex 
perimental studies** have shown that intracoron: 
injections of potassium-containing solutions can m 
duce electrocardiographic changes similar to ische mia 
and ventricular arrhythmias. The sequence of events 
and marked resistance to external defibrillation Mes T 
encountered suggest that a metabolic disturbance hac 
occurred after intracoronary administration of the — 
glyceryl trinitrate preparation, such as might be caus ad s 
by a solution rich in potassium, resulting in multip le. 
ventricular ectopic complexes and VF. We support the | 
recommendation of Webb et al that potassium-co n- ^ 
taining glyceryl trinitrate solutions should not be pst n S 
by this route. ^ 
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Coronary Artery Aneurysm Producing 
Right Ventricular Outflow Obstruction 


SIDNEY O. GOTTLIEB, MD 
DIANE SOLOMON, MD 
JAMES L. WEISS, MD 

STEPHEN C. ACHUFF, MD 


We report clinical, echocardiographic and morphologic 
‘indings in a patient with an aneurysm of the right 
soronary artery, which produced right ventricular (RV) 
yutflow obstruction, myocardial infarction, and sub- 
sequent fatal intrapericardial rupture and cardiac 
‘amponade. 


A 23-year-old man was referred to The Johns Hopkins 
Tospital Cardiology service for evaluation of chest pain. An 
‘lective tonsillectomy 6 months previously was complicated 
»y intermittent low-grade fevers, fatigue and weight loss. 
Three months later he had an inferior myocardial infarction 





rom the Division of Cardiology and Department of Pathology, The Johns 
lopkins Hospital, 601 N. Wolfe Street, Baltimore, Maryland 21205. 
fanuscript received November 29, 1984; revised manuscript received 
ebruary 28, 1985, accepted March 4, 1985. 





IGURE 1. Long-axis view showing dense aneurysmal mass located 
‘ithin right ventricular outflow tract (RVOT). An = aneurysm; Ao = 
orta; LV = left ventricle. 
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GURE 2. Short-axis view showing aneurysm (An) located adjacent 
id anterior to the aorta (Ao). 
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complicated by pericarditis. No precordial murmur was 
noted at this time. Multiple blood cultures were negative. 
One month later he returned with pleuritic chest pain, and 
both a pericardial friction rub and prominent systolic mur- 
mur were heard, and diffuse ST elevation was present on the 
electrocardiogram. Fevers to 103°F responded to prednisone, 
80 mg/day. Blood cultures were again negative. There was 
no history of intravenous drug use, rheumatic fever or sig- 
nificant coronary risk factors. On physical examination the 
patient was an afebrile, aesthenic young man who appeared 
chronically ill. A harsh grade 4/6 nearly holosystolic murngur 
was heard at the left sternal border which radiated to the 
pulmonic area, with an associated thrill and RV lift. Chest 
radiographic results were normal. The electrocardiogram 
showed sinus bradycardia, Q waves in leads II, III and aVF, 
and an incomplete right bundle branch block pattern. The 
leukocyte count was 14,800 with a left shift. A 2-dimensional 
echocardiogram showed a normal-sized left ventricle with 
inferior wall hypokinesia and prominent paradoxical septal 
motion consistent with RV pressure or volume overload. A 
large dense mass with an echo-free center was seen within 
the RV outflow tract in the long-axis view (Fig. 1). The 
cross-sectional view at the level of the aortic valve showed the 
mass to be adjacent and anterior to the aorta within the RV 
outflow tract, and it appeared to be echo-free and pulsatile 
(Fig. 2). No pericardial effusion was present. He had sudden 
cardiopulmonary arrest with electromechanical dissociation. 
Immediate pericardiocentesis with removal of 200 ml of blood 
did not provide hemodynamic improvement and emergency 
thoracotomy yielded 300 ml of fresh clot from the pericardial 
sac. 

At necropsy diffuse fibrinous pericarditis and focal sub- 
epicardial hemorrhage was noted. A bulging mass was located 
over the anterior-superior aspect of the heart medial to the 
right atrial appendage. A perforation site was present at the 
vertex of the mass. Cut sections revealed a 4 X 3 X 3-cm mass 
filled with thrombus, which represented a ruptured right 
coronary artery aneurysm located 3 mm from the origin of 
the artery (Fig. 3). The mass impinged on the crista supra- 
ventricularis and produced partial anatomic obstruction of 
the RV outflow tract (Fig. 4). The RV outflow tract was 
peppered with small 2- to 5-mm mural thrombi. There was 
no gross or microscopic evidence of atherosclerosis, arteritis 
or other abnormalities in the coronary arteries. A healing 
inferoseptal myocardial infarction appeared 4 to 6 weeks old. 
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FIGURE 3. Longitudinal cut section of aneurysm (An), showing extensive 
clot and origin from proximal right coronary artery (RCA). Ao = aorta; 
AoV = aortic valve. 



















SHORT AXIS 


FIGURE 4. Long- and short-axis illustrating anatomic right ventricular 
outflow tract (RVOT) obstruction by right coronary artery aneurysm (An). 
Ao = aorta; AV = atrioventricular valve; LA = left atrium; LV = left 
ventricle. 


Atrioventricular Nodal 
Supraventricular Tachycardia 


JOSEPH A. VASSALLO, MD 
DENNIS M. CASSIDY, MD 
MARK E. JOSEPHSON, MD 


Most patients with paroxysmal supraventricular 
tachycardia (SVT) have atrioventricular (AV) nodal 
reentrant SVT using the slow AV nodal pathway for 
anterograde conduction and the fast pathway for ret- 
rograde conduction. Patients with dual pathways may 
rarely have a form of SVT in which anterograde con- 
duction occurs over the fast pathway and retrograde 
conduction occurs over the slow pathway.! Recent re- 
ports suggest the unusual form of AV nodal reentry 
really represents a tachycardia using the normal AV 
node anterogradely and a bypass tract with AV nodal- 
like properties retrogradely.? Therefore, we report a 
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microscopically strongly suggested an infectious proces 
however special stains were negative for bacteria or fung 6 







Noninvasive visualization of coronary artery aneu y | 
rysms has been accomplished with 2-D echocardiogra- ^ 
phy. Several reports describe coronary aneurysms in - 
patients with the mucocutaneous lymph node syndrome à 
in which the lesions are often multiple.'? Aneurysms 
from other causes including atherosclerosis and n- A 
genital heart disease have also been visualized.? We a: 
unaware of previous reports of RV outflow obstructior 
produced by a right coronary artery aneurysm. “ he E 
prominent systolic murmur and thrill in the pulmon nar 
area and the striking paradoxical septal motion, se 
on the cross-sectional view and confirmed by the M 1 
mode tracing, indicated the functional significance Ó D 
the partial RV outflow obstruction. : 
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patient with unusual AV nodal SVT accompaniidli by Ry 
infra-Hisian block during the tachycardia, which ex- 
cludes the possibility of such a bypass tract. E 


vx 


The patient was a 28-year-old woman with a history of x 
palpitations resulting from SVT with a long RP interval at | » 
a rate of 140 beats/min. Cardiac examination was normal, — E 
and the electrocardiogram was normal with no evidence of | 
preexcitation during sinus rhythm. Electrophysiologic study — 
was carried out with quadripolar catheters placed in the — 
atrial appendage, coronary sinus, AV junction, low right — 
atrium and right ventricular apex. The AH interval dur Ü T i 
sinus rhythm (800 ms) was 110 ms and the HV was 35 ms. 
Atrial pacing and programmed atrial extrastimuli from the AE 
high right atrium and coronary sinus revealed continuou » t 
A1425-A9H*» curves. A narrow complex tachycardia was in- 
duced with incremental pacing from the high right atrium 
at 400 to 320 ms. The tachycardia was also induced with 
single atrial premature complexes at coupling intervals ¢ F3 
350 to 260 ms during sinus rhythm and at 340 to 310 ms ` 
during a drive cycle of 600 ms from the high right atrium, and. r | 
with premature atrial depolarizations at 260 ms (sinus | 
rhythm) and 340 to 280 ms (600 ms) from the coronary sinus. — 
The tachycardia had a narrow QRS complex, R-P interval | 
280 ms, and a cycle length of 440 to 480 ms (Fig. 1). The 4 Ho 
interval during SVT was 140 ms and the HV interval was. 35 ^j 
ms. The os of the coronary sinus recorded the earliest atrial 
activity during SVT. Initiation of the tachycardia was ac- PA 
companied by infra-Hisian block (Fig. 1) without affectin, E 
the tachycardia. i Y 

Incremental atrial pacing from the high right atrium at. 
cycle lengths equal to the rate of SVT (440 to 480 ms) re- 
sulted in AH intervals of 160 to 165 ms. Micron ver 


1 
SM | 


c "Py : Mies i E e Ss NE v6 RV Tuo x r ^ r es x 2 Pork.” h 4 2t 
E 1 d Mantis? © pas > ia A "s A n i ee zt T ir ? A ry 
Niger PNE dan i» ail ids XE T E di ens os 9 bo n 


ve 
“tw Us 


tricular pacing from the right ventricular apex revealed that 
ventriculoatrial Wenckebach occurred at a paced cycle 
length of 500 ms, with evidence of dual retrograde AV nodal 
pathways (Fig. 2). Single ventricular extrastimuli resulted 
in single AV nodal echoes with conduction up the slow 
pathway and down the fast pathway. The retrograde atrial 
activation sequence during right ventricular pacing and 
during SVT are similar (Fig. 2). Ventricular pacing from the 
right ventricular apex during SVT resulted in transient 
entrainment of the tachycardia (Fig. 3), whereas pacing at 
more rapid ventricular rates resulted in termination of the 
tachycardia. 
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_ The differential diagnosis of SVT with a long RP 
interval includes reentrant and automatic atrial 
tachycardia, reciprocating tachycardia using the AV 
node in the anterograde direction and a concealed 
slowing conducting bypass tract in the retrograde di- 
rection, and AV nodal reentrant SVT of the unusual 
type with anterograde conduction down the fast path- 
way and retrograde conduction through the slow 
pathway.®*4 Our patient represents the first case of un- 
:ommon type of AV nodal SVT with infra-Hisian block 
luring the tachycardia, thus ruling out the participation 
of an accessory pathway. 

- The narrow complex tachycardia reported in this case 
aas the AV node as the site of the reentrant circuit. Al- 
;hough atrial stimulation failed to demonstrate dual AV 
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nodal pathways, retrograde dual pathways were dem- 


onstrated (Fig. 2). 

Analysis of the retrograde atrial activation sequence 
during SVT is consistent with the AV node as a site of 
reentry with the os of the coronary sinus earliest fol- 
lowed by the AV junction. This retrograde activation 
sequence may also be seen in a septal bypass tract; 
however, Figure 1 rules out the participation of an ac- 
cessory pathway because SVT continued despite 
infra-Hisian block. i 

Atrial tachycardia (reentrant or automatic) manifests 
itself as a narrow complex tachycardia with a long RP 
interval. Evidence against this mechanism includes: (1) 
Atrial activation sequence during SVT suggests retro- 
grade activation from the AV node. (2) Tachycardia is 
induced with ventricular pacing during ventriculoatrial 
Wenckebach cycle. (3) SVT was induced by ventricular 
pacing but not atrial pacing at a cycle length of 500 ms. 
(4) SVT was transiently entrained during ventricular 
pacing. 

T'wo observations in this case provide evidence that 
AV nodal SVT does not require participation of the 
entire AV node. During SVT the AH interval was 140 
ms. Pacing the high right atrium at the same cycle 
length resulted in an AH interval of 160 to 165 ms. The 
delay in the AV node at these paced cycle lengths must 
occur in AV nodal tissue outside of the reentrant circuit, 
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"IGURE 1. Induction of supraventricular tachycardia—surface leads 1, aVF and V1, followed by intracardiac recordings from the high right atrium 
HRA), His bundle electrogram (HBE), os of the coronary sinus (CSos), mid-coronary sinus (CDmia) and right ventricular apex (RVA). A premature 
trial depolarization during sinus rhythm introduced from the high right atrium at a coupling interval of 290 ms results in the induction of uncommon 
itrioventricular nodal supraventricular tachycardia. The tachycardia continues despite the presence of 2:1 infra-Hisian block. 


IGURE 2. Induction of supraventricular tachycardia during right ventricular pacing—surface leads 1, aVF and V1, followed by intracardiac recordings h 
om the high right atrium (HRA), His bundle electrogram (HBE), os of the coronary sinus (CS,,,), distal coronary surface (CS4) and the right ventricular 
yex (RVA). Pacing from the right ventricular apex at a cycle length of 500 ms results in progressively longer ventriculoatrial intervals, as noted 


the coronary sinus recording. The initiation of supraventricular tachycardia is accompanied by a marked increase in the ventriculoatrial interval, 
om 240 to 410 ms. 
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FIGURE 3. Entrainment of supraventricular tachycardia—surface leads 1, aVF and V4, and intracardiac recordings from the high right atrium (HRA Ro 
His bundle electrogram (HBE), os of the coronary sinus (CS), distal coronary sinus (CSa) and right ventricular apex (RVA). Pacing from the rigt t5 
vetnricular apex at a cycle length of 400 ms (45 ms faster than the tachycardia cycle length) results in an increase in rate of supraventricular tachycardia — 
to the pacing rate with no change in the retrograde atrial activation sequence. After termination of pacing, the tachycardia continues at the rate - 
of pacing for 1 beat and then resumes its initial cycle length. de 
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Amiodarone is a potent new antiarrhythmic agent that 
is structurally similar to thyroxine. It has a long half-life 
about 1 month), which makes management of side ef- 
ects difficult. It crosses the placenta, so its use in 
women of child-bearing age is a problem in terms of 
»ossible fetal damage, even if it is stopped before con- 
'eption. Little information is available in this regard.!-5 
l'his report describes its use from the 16th week of 
»regnancy, with successful outcome. 


_ The patient was 32 years old and 12 weeks pregnant when 
he had an episode of palpitation with dizziness and pros- 
ration, which lasted 2 hours. The electrocardiogram (ECG) 
howed atrial fibrillation with accessory atrioventricular 
'athway conduction and a ventricular response of about 
50/min (Fig. 1). The episode terminated spontaneously. Her 
ubsequent ECGs showed sinus rhythm and Wolff-Parkin- 
on-White anomaly (Fig. 2). Because a recurrence of atrial 
| += ES LEIS Sa AA UAT aaa MO 
rom the Department of Cardiology, The St. George Hospital, Kogarah 
217, Sydney, Australia. Manuscript received December 4, 1984; re- 
ised manuscript received March 4, 1985, accepted March 5, 1985. 
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GURE 1. Leads |, Il, V4 and V; of the mother's electrocardiogram 
iring palpitation. 
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fibrillation could have been life-threatening, treatment was 


strongly recommended. Therapeutic abortion with subse- 
quent medical or surgical antiarrhythmic therapy was de- 
clined. Amiodarone was accepted as the best antiarrhythmic 
agent available, but with the understanding that its terato- 
genic potential was unknown. It was begun in the 16th week 
of pregnancy, 200 mg every 6 hours orally for 1 week, and 
then 200 mg/day. She was well for the remainder of her 
pregnancy, and in the 39th week delivered a normal boy. In 
particular, the baby had no goiter. He weighed 2.66 hg, 
measured 51 cm in length and had a head circumference of 
34 cm. The mother continued to take amiodarone and ihe 
child was artificially fed. 

At the time of delivery, 9 hours after the last maternal dose 
of amiodarone, the amiodarone level (high pressure liquid 
chromatography, 1 umol — 645.8 ug) in umbilical cord serum 
was 0.12 umol/liter, in placental serum 0.35 umol/liter and 
in placental tissue 11.21 umol/kg. On the day after delivery, 
8 hours after the last dose of the drug, the maternal serum 
amiodarone level was 1.30 umol/liter. At 2 weeks of age, the 
child's serum level was 0.10 umol/liter. 

Maternal and infant free thyroxine index, serum free 
triiodothyronine and serum thyroxine stimulating hormone 
were normal. Four days after delivery the serum reverse 
triiodothyronine level (1 nmol = 651 ng) was 3.48 nmol/liter 
in the infant, at the upper limit of normal, and 2 weeks after 
delivery 1.40 nmol/liter in the mother (normal adult range 
0.24 to 0.68), consistent with amiodarone effect. 

One day after delivery the child’s ECG showed sinus 
rhythm, 118 beats/min, with a corrected QT interval (QTc 
= QT/V RR) of 0.49 second (Fig. 3). At 7 weeks of age his 
ECG showed sinus tachycardia, 171 beats/min, with a QTc 
of 0.39 second (Fig. 3). The normal QTc on the 4th day of life 
is 0.40 + 0.018 second and at 2 months of age 0.41 + 0.015 
second. Pediatric review at 6 months of age was normal, and 
the mother has remained well. 


Amiodarone depresses sinus node automaticity and 
prolongs the duration of the action potential of myo- 
cardial cells, manifest on the ECG as an increase in the 
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FIGURE 3. Lead V; of the child's electrocardiogram at ages of 1 day 
(top) and 7 weeks (bottom). 
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QT interval. Such effects were present in the baby at 
birth. Thus, although amiodarone crossed the placenta, 
with umbilical cord serum levels 996 of maternal serum 
levels, and manifested in the child i in these ways, there 
were no apparent ill effects. 


Acknowledgment: We thank J. Sullivan, Hornsby Hos- 
pital, Sydney, Australia, for the amiodarone measurements, 
and the Garvan Institute of Medical Research, St. Vincents 
Hospital, Sydney, for the measurements of reverse triiodo- 
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Prevalence of Brown Adipose Tissue 
in Chronic Congestive Heart Failure 
Secondary to Coronary Heart Disease 


FRANK G. SHELLOCK, PhD 
MARY S. RIEDINGER, RN, CCRN 
MICHAEL C. FISHBEIN, MD 
PREDIMAN K. SHAH, MD 


Brown adipose tissue, a highly metabolic form of fat, is 
used by some mammals to regulate body temperature.! 
In humans, brown adipose tissue is an important source 
of nonshivering thermogenesis for the neonate! and has 
recently been identified in variable amounts in 
adults.*+ Brown adipose tissue is located in definite 
anatomic sites of humans primarily during fetal and 
infantile stages of life and gradually diminishes with age 
until it disappears and is replaced by white adipose 
tissue.2? However, a recent autopsy study has shown 
a high prevalence of brown adipose tissue in “cold- 
exposed" adult humans, suggesting that this tissue 
rnay be important for thermoregulation i in these older 
persons. 

Patients with severe chronic congestive heart failure 
(CHF) are typically cachectic,? with a reduced amount 
of subcutaneous storage fat. This relative lack of insu- 
lative tissue produces a propensity toward excessive 
heat loss. We hypothesized that in certain patients with 
CHF, brown adipose tissue may develop to maintain 
thermal homeostasis. In this study, we determined the 
prevalence of brown adipose tissue in cachectic patients 
who died from CHF secondary to coronary heart disease 
as a first step toward identifying the physiologic role of 
this thermogenic tissue in this patient group. 


| à x 
. Consecutive autopsy reports and hospital records were 


reviewed to identify adults who died with severe CHF at least 
6'months in duration and who had evidence of cachexia based 
| : 
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on the opinion of the pathologist and their physical de- 
scription. The presence of CHF was determined from clinical, 
laboratory and autopsy findings, which included previous 
hospitalizations for symptoms of heart failure, physical 
disability based on dyspnea and fatigue, cardiomegaly and 
ventricular hypertrophy. 

Necropsy sections of fat were selected for retrospective 
review from the periadrenal area because it has been shown 
that brown adipose tissue persists in this anatomic site until 
the latest decades of life, although the occurrence decreases 
as the person gets older.?9:6 The histologic sections were 
prepared by fixation of tissues in 1095 formalin, processing 
in graded alcohols, embedding in paraffin, sectioning at 5 u, 
and staining with hematoxylin-eosin. The slides of necropsy 
tissue were examined under conventional light microscopy 
by 2 observers. The identification of brown adipose tissue was 
based on the following established histolgic criteria: mul- 
tilocular cells, eosinophilic granular cytoplasm, centrally 
located oval nuclei, distinct cell borders and numerous lipid 
vacuoles. 

Table I is a list of descriptive data for the subjects of this 
investigation. Each of the 12 patients with CHF identified 
in this study were described as “cachectic” or “emaciated” 
in the autopsy reports or hospital records or both. The av- 
erage heart weight (544 + 221 g) and heart weight/body 
weight ratio (1.0 + 0.4%) was above normal for all 12 pa- 
tients.’ Histologic analysis of the fat samples at the light 
microscopic level revealed multilocular, eosinophilic adi- 
pocytes with granular cytoplasm indicative of brown adipose 
tissue in all of the periadrenal necropsy samples. An example 
of brown adipose tissue found in one of these subjects is 
displayed in Figure 1. It is notable that such a high incidence 


TABLE! Study Subjects 
Age Body Body Heart 


(yr) Helght Weight Weight Heart Welght ~ 400 

&Sex (cm) (kg) (g) Body Weight 

1 75M 173 56 550 1.096 
2 68F 168 59 490 0.896 
3 69F 158 48 400 0.896 
4 77F 155 51 350 0.7 96 
5 65M 170 50 610 1.2% 
6 56M 198 57 1,155 2.0% 
7 85M 178 51 510 1.0% 
8 71M 168 47 330 0.7% 
9 85M 188 58 440 0.896 
10 90M 158 58 400 0.7 96 
11 73M 152 52 840 1.296 


64 196 80 650 0.8% 
7348 170413 5649 544+ 221 1.0 + 0.4% 


Values are mean + standard deviation. 
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FIGURE 1. Photomicrograph of brown adipose tissue obtained from 
the periadrenal area of a cachectic 85-year-old man who died with 
severe congestive heart fallure. Hematoxylin-eosin stain; original 
magnification X 100. 


of brown adipose tissue was found in CHF patients despite 
their advanced age. Reports of the prevalence of brown adi- 
pose tissue in nonselected adult humans of a comparable age 
have reported the occurrence of this tissue to be approxi- 
mately 409, , 26 


Previous studies have shown that thermoregulation 
is abnormal in patients with CHF.9-1? These abnor- 
malities include lower-than-normal skin and skeletal 
muscle temperatures along with a paradoxic decrease 
in deep body temperature during exercise.?-19 Although 
the exact mechanisms leading to abnormal thermo- 
regulatory responses in CHF have not been completely 
elucidated, decreased regional blood flow and loss of 
insulative subcutaneous fat in association with cardiac 
cachexia may be contributary factors. 

Subcutaneous storage fat is primarily used for insu- 
lation and is an important component of the thermo- 
regulatory system. The conduction of heat through fat 
is approximately one-third of that of other tissues, so 
that even though skin temperature may approach am- 
bient temperature, the insulative fat beneath the skin 
provides an effective mechanism for ese ee a 
normal deep body temperature. 

With the development of cachexia, the reserve of in- 
sulative, subcutaneous fat is quickly depleted. There- 
fore, patients with CHF have a propensity toward ex- 
cessive heat loss and may require an adjunct mechanism 
for thermogenesis. 

Nonshivering thermogenesis is a physiologic process 
often used by mammals to generate heat without mus- 
cular contractions and is metabolically more economical 
than shivering.! This form of heat production primarily 
involves calorigenesis via increases in the metabolic 
activity of brown adipose tissue, mediated via the 
sympathetic nervous system by norepinephrine stim- 
ulation of 8;-receptors on brown adipocytes.1:11,12 

Ricquier et al!? showed that brown adipose tissue 


Obtained from patients with pheochromocytoma is 


histologically and biochemically similar to rodent brown 
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adipose tissue, and is therefore potentially functional 
in humans. However, no studies have evaluated the 
thermoregulatory aspects of brown adipose tissue in 
patients with pheochromocytoma. Apparently the de- 
position of brown adipose tissue in these patients is in 
response to the high levels of circulating norepineph- 
rine.'* For instance, it has been shown that continuous 
injections of norepinephrine in warm-acclimated rats 
mimics the brown adipose tissue response observed in 
cold-acclimated rats.!? | 

The regulatory component of nonshivering therfno- 
genesis is present in patients with CHF because plasma 
noreprinephrine levels increase in these patients in di- 
rect proportion to the degree of left ventricular dys- 
functiori.1^ Thus, the plasma norephinephrine level is 
elevated in patients with advanced CHF and may be 
partially responsible for the high prevalence of brown 
adipose tissue in such patients. However, we could not 
determine plasma catecholamine levels in our study 
patients; therefore, such inferences must be considered 
only tentative. 

In conclusion, previous studies indicate that brown 
adipose tissue develops preferentially in response to 
environmental or hormonal stimuli.!-* We hypothesized 
that patients with severe CHF who are cachectic and 
have lost insulative subcutaneous fat may compensate 
for heat loss by developing brown adipose tissue to serve 
as a thermogenic buffer system when norinal thernio- 
regulatory function is inadequate. Although our ob- 
servations show a high prevalence of brown adipose 
tissue in a subset of patients with cachexia and severe 
CHF, this initial study müst be extended to further 
define the thermoregulatory contribution of brown 
adipose tissue in such patients. 
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Subcostal Window: A New Portal for 
Recording Continuous-Wave Doppler 
Aortic Flow Velocities | 


MARTHA L. RAMIREZ, MD 
MAYLENE WONG, MD 


PRAVIN M. SHAH, MD 
è 


Failing to record aortic flow velocity with the continu- 
ous-wave Doppler probe in some adults, we added the 
subcostal approach to the routine use of the supra- 
sternal, parasternal and apical windows. In this report 
we compare the subcostal window with other windows 
and conclude that using multiple windows improves the 
chance of obtaining quality Doppler signals in patients 
in whom access is difficult and increases the probability 
of aligning the ultrasonic beam parallel to aortic flow. 


The study group consisted of 48 men, aged 50 to 84 years 
(mean 64), with aortic valve disease or aortic valve replace- 
ment with a porcine prosthesis. They were examined con- 
secutively by I technician, who obtained quality systolic 
velocity flow spectra in all 48 subjects, of whom 24 had 
Doppler signals recorded from the subcostal view. In 2 pa- 
tients the only access was the subcostal window. Twenty-two 
of these patients formed the group for the evaluation of the 
subcostal window. In each patient, a quality aortic velocity 
tracing was recorded from at least 1 other site: left ventricular 
apex in 21 patients, right parasternal in 8 and suprasternal 
notch in 3. The tracings from each patient were recorded at 
I examination. One equipment system was used: 2-dimen- 
sional echo-Doppler (Irex System III), in the stand-alone 
mode with the continuous-wave Pedof, 2-MHz transducer 
receiver. Two-dimensional ultrasound was used to image 
each patient, but simultaneous imaging was not used to ob- 
tain Doppler signals. Velocity spectra were recorded with the 
electrocardiogram on a strip-chart recorder at a paper speed 
of 50 mm/s. 

The body position was varied with each transducer site 
with the aim of placing the sonar beam parallel to the as- 
cending aorta. Recording from the apical window, the 
transducer was placed on the left ventricular impulse with 
the patient in the left lateral decubitus position and the 
thorax elevated. For suprasternal notch recordings, the pa- 
tient lay supine with the neck slightly extended. For right 
parasternal recordings, the transducer was placed i in the 
second right intercostal space with the patient in the right 
lateral decubitus position. For subcostal recordings the pa- 
tient lay supine, either flat or with the thorax elevated, and 
with knees flexed to relax the abdominal muscles. The 
transducer was placed immediately to the left and below the 
xtphoid process and aimed anteriorly and to the right of 
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TABLE! Aortic Flow Velocities trom Different Windows* 


Right Suprasternal 
Pt Subcostal Apical Parasternal Notch 
1 2.40 2.46 2.46 2.24 
2 2.60 2.70 2.00 2.00 
3 2.32 — 2.00 2.00 
4 1.40 1.60 2.24 — 
5 2.40 2.36 2.56 — 
6 3.05 2.50 3.05 — 
7 1.85 2.00 2.00 — 
8 2.38 2.00 1.85 € 
9 2.50 2.53 — — 
10 2.20 2.11 — — 
11 1.75 2.00 — mee 
12 3.00 3.00 — — 
13 2.30 2.40 — — 
14 3.95 3.75 — — 
15 3.00 3.80 — —— 
16 2.60 2.70 — ~ 
17 2.00 2.00 — — 
18 4.00 4.10 — — 
19 4.52 4.66 — — 
20 2.20 2.50 — — 
21 2.00 2.10 — — 
22 2.48 2.27 — m 


* Entries are maximal velocities in meters per second. 
— = quality signals not obtainable. 


the sternum. Patients breathed spontaneously during the 
recordings. 

Both audio and visual signals were used to align the echo 
beam parallel to the aortic flow jet from each window. A 
characteristic medium-to-high frequency whistling, free oj 
low-frequency sounds, localized the jet. The visual criteria 
used to find the final alignment and to define acceptable 
velocity tracings were intense darkening of the highest 
frequencies at the peaks of the spectral displays with the 
greatest amplitude and an absence of low-frequency 
waves. l 

The records were read by 1 interpreter. The highest max- 
imal velocity that did not vary for 5 consecutive beats was 
taken as the aortic velocity for each window. The patients 
were allin sinus rhythm. For each patient, maximal aortic 
velocity recorded from the subcostal window was compared 
by regression analysis with maximal velocities from the ap- 
ical view, right parasternal window and the highest maximal 
velocity (apical, right parasternal or subcostal). 

By using all 4 transducer locations in the larger group 0] 
48 subjects, quality velocity spéctra were recorded in every 
patient. The frequencies of recording quality signals from 
each window were: apical, 40 of 48 (7895); right parasternal, 
24 of 48 (50% ); subcostal, 24 of 48 (50% ); and suprasternal 
notch, 10 of 48 (2195). The maximal aortic velocities recorded 
in each patient are listed in Table I. The highest velocity was 
recorded from the subcostal window in 8 patients (36%), 
from the apical window in 14 (6495), and from the right 
parasternal window in 5 (23%). In 5 subjects maximal ve- 
locity was recorded from 2 windows. Figure 1 and Table I1 
shows the comparison of subcostal velocities to velocities 
obtained at the apical and right parasternal windows. Cor- 
relations are high between subcostal and apical velocities and 
with the maximal value recorded in each patient. The slope 
for maximal velocities lies virtually on the line of identity. 
Figure 2 demonstrates velocity tracings from the subcostal 
window with corresponding spectra from right parasternal 
and apical sites. Although the paired velocities are similar, 
they are not necessarily identical. 


Early experience with continuous-wave Doppler re- 
cordings of aortic flow velocities across stenotic valves 
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FIGURE 1. Relation between aortic flow velocity sampled from the 
subcostal (SC) window to right parasternal (RPS) and apical (AP) win- 
dows, and to maximal (MAX) aortic velocity. The regression lines are 
plotted for all 3 relations. The individual points are plotted for the 
comparison between subcostal and highest aortic velocity. 


reported a 40% rate of successful studies in subjects over 
age 50 years.? Aware of these odds when we began a 
study of patients with aortic valve disease and with 
aortic porcine prostheses, we systematically attempted 
to record aortic velocities from 3 conventional windows 
plus a fourth—the subcostal. Our success rate in 48 men 
between ages 50 and 84 years was 10096. In 2 patients 
with emphysema, the subcostal window was the only 
usable transducer location. 
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TABLE ll Comparison of Subcostal Velocities to Velocities 
Obtained at the Apical and Right Parasternal 


Windows 
Regressions No. a b SEE r p 
ical window 21 0.97 —0.12 0.08 0.95 «0.001 


Right parasternal window 


5 0.71 +0.79 0.11 0.86 «0.005 
Maximal Ao velocity 


22 0.93 —0.11 0.09 0.92 «0.001 


a = slope; b= Intercept; p = confidence level for correlation 
coefficient (r); SEE = standard error of the estimate: 


We found the apical window to be the most useful 
approach and the subcostal access to be successful as 
frequently as the right parasternal location. The sub- 
costal window required the same attention as the other 
windows to audio and visual signals in order to record 
the maximal velocities. Only the anatomic location 
below the diaphragm was unique. The main reason for 
failure in half of the total group from the subcostal lo- 
cation was irrepressible ticklishness that caused tensing 
of the abdominal muscles. 

Our results showed that aortic flow velocities re- 
corded from the subcostal window were of similar 
magnitude as those sampled from the other 3 windows. 
An unexpected finding was that quality spectra re- 
corded from different windows in the same subject were 
not necessarily equal. In most of the patients the apical 
window provided the highest velocity, but in 36% the 
subcostal window and in 23% the right parasternal gave 
the highest velocity either alone or equal to another 
window. Therefore, in terms of cost efficiency, the 
“best” answer in the shortest time is the higher of the 


FIGURE 2. Examples of aortic flow velocity spectra recorded 
from the subcostal (SC) window and corresponding spectra 
from the right parastemal (RPS) and apical (AP) views. 
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2 velocities recorded from the apical and subcostal 
windows. 

We learned that each of the 4 windows has a different 
orientation with aortic flow. Relative to the anatomic 
position, the ascending aorta tends to be vertical in the 
emphysematous patient and horizontal in the older 
subject and in the presence of aortic stenosis. The 
subcostal window offers a more vertical trajectory to the 
aortic root, the right parasternal window—a more 
horizontal lie, and the apical window beams somewhere 
in bêtween. Our experience with the suprasternal win- 
dow was that aortic velocities were readily recorded 
from this location, but that the spectra were frequently 
unacceptable, probably because of the horizontal or- 
ientation of aortic flow in this group of patients. 

With all transducer locations, the Doppler technique 
calls for patience and pursuit. Àn important part of 
success must also be ascribed to the use of the Pedof 
transducer. Its small size (13 mm in diameter) provides 
access to even the narrowest intercostal space and to 


most suprasternal notches. The size ensures a better 
seal, and compared with the larger duplex transducer 
is more conducive to the minute changes in orientation 
required in performing the technique well. 

In conclusion, we recommend that the subcostal 
window be considered a part of the Doppler technique 
that includes multiple windows. using multiple trans- 
ducer sites improves the chances of recording quality 
Doppler signals in patients in whom access is difficult, 
and increases the likelihood of aligning the ultrasonic 
beam parallel to the flow. In using a stand-alone system 
that does not correct for angle intercept, the true ve- 
locity can never be less than the highest recorded. 


Acknowledgment: We acknowledge statistical advice and 
counsel from James Kinney, PhD. 
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Usefulness of Doppler 
Echocardiography for Determining 
Hemodynamic Improvement with 

Intravenous Verapamil in Hypertrophic 
Cardiomyopathy 


MICHAEL COOPER, MD 
ROBERT SHADDY, MD 
NORMAN SILVERMAN, MD 
MARLENE ENDERLEIN, BS 


Verapamil is effective in the treatment of hypertrophic 
cardiomyopathy (HC).!4 Continuous-wave Doppler 
ultrasound is useful in the noninvasive assessment of 
high-velocity intracardiac blood flow.? We evaluated the 
hemodynamic response in a child with HC through in- 
travenously administered verapamil during cardiac 
catheterization with simultaneous continuous-wave 
Doppler flow study for the noninvasive evaluation of 
changes i in left ventricular (LV) outflow obstruction. 


A 1 3- year-old girl was referred for evaluation of a precor- 
dial murmur and the recent onset of precordial discomfort 
after strenous exercise. A grade 3/6 harsh midpeaking sys- 


From the Department of Pedlatrics and the Cardiovascular Research 
Institute; University of California, San Francisco, San Francisco, Call- 
fomia, and the Department of Pediatric Cardiology, Kaiser Permanente 
Medical Center, Sacramento, Californla 94143. This study was sup- 
ported in part by National Research Service Award HLO7 192, Training 
Program In Heart and Vascular Disease, from the Natlonal Heart, Lung, 
and Blood institute, Bethesda, Maryland. Manuscript received January 
14, 1985; revised manuscript recelved March 4, 1985, accepted March 
5, 1985. 


tolic murmur was heard along the left sternal edge and it 
transmitted to the neck and to the rest of the precordium. 
Cross-sectional and M-mode echocardiograms showed 
asymmetric septal hypertrophy with systolic anterior motion 
of the anterior mitral leaflet and early systolic closure of the 
aortic valve with dynamic LV outflow tract obstruction. The 
LV pressure value was obtained through a pigtail catheter 
placed in the LV midportion by the retrograde femoral 
technique. Pressure measurements were recorded in the 
control state and then 15 minutes after each incremental 
dose of verapamil. Verapamil was infused according to the 
protocol of Rosing et al? through a peripheral vein at 2 
infusion rates: 0.007 and 0.014 mg/kg/min. Each infusion was 
preceded by a 0.1 mg/kg intravenous bolus of verapamil ad- 
ministered over 2 minutes. Doppler estimations of the 
pressure gradient were obtained simultaneously with the 
pressure measurements. 

Doppler flow studies were obtained with an Irex continu- 
ous/wave Doppler ultrasound system. The transducer was 
positioned over the cardiac apex and oriented cephalad 
through the LV outflow area. The continuous-wave Doppler 
sampling volume was positioned along this axis until the 
maximal frequency shift as determined by the audible signal 
was obtained. The highest peak flow velocity was determined 
by the spectral display of frequency shift (Fig. 1). Mean peak 
velocity as determined from the average spectral display of 
3 consecutive beats was determined in meters per second 
using internal calibration markers. This value was converted 
to a pressure gradient in mm Hg using the modified Bernoulli 
equation: AP = 4(V)?, where AP = pressure drop (mm Hg) 
and V = peak Doppler velocity (m/s).° Results of the cardiac 
catheterization and simultaneous Doppler flow studies are 
depicted in Figure I and Table I. 


Verapamil has emerged as an important therapeutic 
agent in the treatment of HC. Rosing et al^? studied the 
effects of verapamil on HC in adults and reported a 
significant decrease in LV outflow obstruction, along 
with improved exercise capacity and symptomatic 
status.L? Spicer et al,* using the same protocol for in- 
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TABLE | 

Verapamil HR LVP 

(mg/kg/min) (beats/min) {torr) 
baseline 65 124/14 
0.007 74 112/23 
0.014 81 88/20 

AP = aortic pressure; HR = heart rate; LVP = 
| | | bY 
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travenous verapamil in 7 children with HC, demon- 
strated a beneficial effect.* In our patient, there was a 
significant decrease in the gradient across the LV out- 
flow tract after administration of verapamil. The de- 
crease in LV pressure and increased heart rate was 
probably secondary to the negative inotropic effects of 
verapamil. 

Doppler echocardiography has been shown to be a 
reliable method for estimating the degree of LV outflow 
obstruction.® In our patient, however, the values mea- 
sured by continuous-wave Doppler were consistently 
slightly greater than those measured by catheter with- 
drawal, which is understandable because Doppler re- 
flects instantaneous peak rather than peak-to-peak 
pressure differences. Both demonstrated comparable 
decreases in outflow obstruction with the administra- 
tion of verapamil. Doppler echocardiography would 
therefore appear to be a useful modality for the nonin- 
vasive estimation of the acute hemodynamic response 
to intravenous verapamil in patients with HC with LV 


pog. ‘ | b 1] 


Results of Simultaneous Doppler Flow and Catheterization Studies 


AP Gradient Doppler Estimated 
(torr) (torr) Gradient (torr) 
92/60 32 39 
84/60 28 . 31 
78/50 12 23 


left ventricular pressure. 


FIGURE 1. Continuous-wave Doppler spectral recordings 
from the cardiac apex and simultaneously recorded 
pressure withdrawal tracings during cardiac catheter- 
ization. A, at rest. The heart rate (HR) is 65 beats/min. The 
Doppler velocity is 3.2 m/s, which corresponds to an 
estimated gradient of 39 torr. The gradient measured by 
catheter withdrawal Is 32 torr (scale 0 to 200 torr). B, 
verapamil infusion of 0.007 mg/kg/min. HR Is 74 
beats/min. The Doppler velocity Is 2.8 m/s, corre- 
sponding to an estimated gradient of 31 torr. The gradient 
by catheter is 28 torr (scale 0 to 200 torr). C, verapamil 
Infusion of 0.014 mg/kg/min. HR is 81 beats/min. The 
Doppler velocity is 2.4 m/s, corresponding to an esti- 
mated gradient of 23 torr. The gradient by catheter Is 12 
torr (scale 0 to 100 torr). 


outflow tract obstruction. This would provide a con- 
venient means of measuring pressure differences ac- 
curately and long-term follow-up of the patient re- 
ceiving oral verapamil therapy. 
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Right-Axis Deviation and Anterior Wall 
Thallium-201 Defect In Becker’s 
Muscular Dystrophy 


ROBERT N. LEVIN, MD 
KENNETH A. NARAHARA, MD 


Dilfted cardiomyopathy has been shown to occur in 
families with X-linked recessive (Becker’s) muscular 
dystrophy.! Pedigree members of such families fre- 
quently manifest various electrocardiographic anoma- 
lies, including infranodal blocks (for example, left 
bundle branch block and complete atrioventricular 
block) ,*4 left-axis deviation, small Q waves in leads I 
and aVL and loss of R-wave amplitude in lead V2 and 
V3. Myocardial perfusion scanning in patients with 
early-onset, autosomal recessive muscular dystrophy 
has frequently shown posterobasal and lateral perfusion 
defects that may be a unique marker of that disorder in 
the heart.? Perfusion scanning in patients with late- 
onset muscular dystrophy has not been described. 


A 33-year-old man with Becker's muscular dystrophy 
diagnosed at age 17 years presented with palpitations, bi- 
lateral leg edema and progressively increasing abdominal 
girth over a period of several weeks. A brother had died of 
dilated cardiomyopathy at age 22 years and 2 other brothers 
had classic neuromuscular manifestations of Becker's mus- 
cular dystrophy but with no manifestations of cardiac dis- 
ease. The blood pressure was 90/60 mm Hg. The carotid up- 
stroke was normal. Neck veins showed 8 cm of Jugular venous 
distention at a 30? angle. The chest was clear. There was an 
S3 gallop and murmurs of tricuspid and mitral regurgitation. 
The patient had ascites, hepatomegaly and pitting ankle 
edema bilaterally. There was mild proximal leg skeletal 
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FIGURE . 1. The patient's 12-lead electrocardiogram 
shows a marked rightward axis and an R'S' pattern in lead 
Vi. 
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muscle weakness and limb and pelvic girdle weakness, with 
normal sensory and cerebellar function and normal reflexes. 
Gower’s sign was present. The supine electrocardiogram 
showed sinus tachycardia at 114 beats/min with a mean QRS 
axis of 105°, right atrial enlargement, left atrial enlargement 
and an R’S’ pattern in lead V, (Fig. 1). Two-dimensional 
echocardiography showed a dilated left and right ventricle, 
with a left ventricular (LV) end-diastolic dimension of 6 cm, 
LV end-systolic dimension 4.5 cm, right ventricular end- 
diastolic dimension 3 cm and mildly dilated left atrium (4.6 
cm). A technetium first-transit study at rest revealed an 
ejection fraction of 20% with diffuse hypokinesia. A pul- 
monary artery balloon flotation catheter showed a pulmo- 
nary capillary wedge pressure of 24 mm Hg, pulmonary ar- 
tery pressure of 53/23 mm Hg and a right atrial pressure 12 
mm Hg; cardiac output (determined by Fick) was 7.0 liters/ 
min. Oxygen saturation in the pulmonary artery was 78%. 
Thallium-201 imaging at rest showed a selective defect (Fig. 
2) that encompassed most of the septum and anterior wail 
but spared the LV apex. 


Left-axis deviation and infranodal blocks frequently 
occur in Becker's muscular dystrophy. Our case is 
unique in that the electrocardiogram showed a right- 
ward axis that may be related to the underlying myo- 
pathic disease or to pulmonary hypertension. Demon- 





FIGURE 2. A thalllum-20 1 study performed at rest shows a septal defect 
best seen in the left anterior oblique (LAO) view and an anterior defect 
best seen in the left lateral (LLAT) view. Increased lung uptake is also 
present and Is consistent with the patient's elevated pulmonary capillary 
wedge pressure. ANT = anterior. 
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stration of an anteroseptal thallium-201 defect suggests 
that the myopathic process responsible for the dilated 
cardiomyopathy of Becker’s muscular dystrophy may 
involve the anterior wall and septum. The location of 
the thallium-201 defect is different from the postero- 
basal and lateral LV involvement described in early- 
onset muscular dystrophy.? The defect would be con- 


~ cordant with the decreased R-wave amplitude in leads 


Va and Vs, which has been noted in patients with 
Becker's dystrophy. 


Localized Aortic Dissection with 
Rupture into the Right Atrium: 
Diagnosis by Computed Tomography 
and Cardiac Catheterization 


ADAM D. TIMMIS, MD 
MICHAEL D. ROSIN, MB 
SHENAZ RAMTOOLA, MB 


Aortic dissection with rupture into the right atrium is 
rare. The condition usually becomes apparent either 
during heart surgery or at postmortem examination.';? 
We report a patient diagnosed by computed tomogra- 
phy (CT) and cardiac catheterization. 


A 72-year-old man was admitted to the hospital for in- 
vestigation of heart failure. Five months earlier he had had 
an episode of chest pain and dyspnea. The symptoms re- 
solved, but during the 4 weeks before admission worsening 
fatigue, dyspnea and ankle swelling developed. The heart 
rate was 108 beats/min and the blood pressure was 110/60 
mm Hg. The jugular venous pulse was elevated. The sclerae 
were jaundiced, the liver enlarged and the ankles edematous. 
A continuous precordial murmur was audible at the left 
sternal edge. Serum bilirubin level was 2.4 mg/dl, gamma 
glutamyl transpeptidase 85 IU/liter and urea 72 mg/dl. The 
electrocardiogram showed sinus rhythm and nonspecific 
T-wave changes. The chest radiograph showed an enlarged 
heart, a widened upper mediastinum, congested lung fields 
and a smail right pleural effusion. M-mode and 2-dimen- 
stonal echocardiography revealed normal left- and right- 
sided heart valves without distortion of the sinuses of Val- 
salva. Left ventricular cavity dimensions and systolic 
function were normal, but septal motion was paradoxical and 
the right ventricle was severely dilated, A CT scan of the 
thorax showed localized dissection of the ascending aorta 
(Fig. 1). This was confirmed by aortic root angiography, 
which showed a small aneurysm 2 cm above the sinuses of 
Valsalva. The aortic valve was competent, but during the 
contrast injection rapid opacification of the right-sided 
cardiac chambers occurred. The catheter entered the false 
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lumen of the aneurysm and was directed into the right ven- 
tricle. Pressure monitoring during catheter withdrawal 
confirmed an aortic-right atrial fistula (Fig. 2). 

At surgery a dissecting aneurysm of the ascending aorta 
was found. This lay above the sinuses of Valsalva and overlay 
the right atrium. There was a small fistula between the an- 
eurysmal sac and the right atrium. The fistula was oversewn 
and the aneurysm was replaced with a Dacron® graft. Post- 
operatively the patient could not sustain adequate respira- 
tory drive and died after 5 weeks of intermittent positive 
pressure ventilation. 


This report emphasises the value of CT for diagnosis 
of proximal aortic dissection. In 2 previously reported 
cases of aortic dissection with rupture into the right 
atrium, the aneurysm was identified by echocardiog- 
raphy.?* In both cases, however, the false lumen in- 
volved the sinuses of Valsalva and was readily accessible 
to the ultrasound beam. The aneurysm in the present 
case was small and situated more distally in the as- 
cending aorta. Although the aneurysm was small, it was 
clearly identified by the CT scan: 2 contrast columns in 
the ascending aorta separated by an intimal flap is di- 
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FIGURE 1. Contrast-enhanced computed tomogram showing dilated 
ascending aorta with intimal flap (arrow). Effusions, more marked on 
the right, are present posteriorly In the pleural spaces. Phillips To- 
moscan 310; section thickness 9 mm, scan time 4.8 seconds. 








July 1, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 205 


RV 


FIGURE 2. Pressures recorded as the 
catheter was pulled back from the right 
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agnostic of dissection. An important limitation of CT 
is its inability to define the site of aneurysmal rupture. 
The clinical and echocardiographic findings in this case 
indicated a left-to-right shunt, but cardiac catheter- 
ization was necessary to determine its location. The 
aortic root angiogram and the unusual sequence of 
pressure recordings shown in Figure 2 confirmed an 
aortic-right atrial fistula. 


Phonocardiographic Characteristics 
of the Total Artificial Heart 


FRED L. ANDERSON, MD 


Human implantation of the Utah Total Artificial Heart 
has recently been accomplished.! Essential features of 
the device and its drive system, and evaluation of its 
performance in both animals and humans have been 
described.2+ This report describes the phonocardi- 
ographic features of the total artificial heart in 
humans. 

A case report was previously published.! Recordings 
were obtained approximately 2 months after implan- 
tation at which time the patient's condition was stable. 
Recordings were obtained from the fourth intercostal 
space at the left sternal border with the patient in the 
supine position using a piezoelectric microphone in- 
terfaced to a model VR 12 Electronics for Medicine 
recorder. À phonocardiographic amplifier (V2207) with 
a frequency range of 50 to 500 Hz was used for sound 
recordings. Four additional channels were used to rec- 
ord simultaneous drive-line air pressure and air flow 
waveforms obtained from the Utah heart driver and 
cardiacioutput and monitoring diagnostic unit.® 
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Heart sounds from a Jarvik-7 model of the Utah Total 
Artificial Heart are shown in Figure 1. Under normal 
operating conditions there is a sound corresponding to 
the onset of mechanical systole, which is of variable 
intensity (point a). There are 2 sounds corresponding 
to the end of left and right ventricular ejection respec- 
tively (point b). In most cycles, however, only the sound 
corresponding to the end of the left ventricular ejection 
is present. A single sound occurs at the onset of me- 
chanical diastole (point c), followed by 2 sounds corre- 
sponding to the end of right and left ventricular filling 
respectively (point d). The presence and timing of these 
2 sounds in diastole varies according to the duration of 
diastolic filling for each ventricle. The left ventricular 
sound has lower amplitude than the right ventricular 
sound. 

There are 2 categories of sounds from the total arti- 
ficial heart relating to inflow and outflow valve closure. 
An opening sound was not clearly recorded for either 
valve. Inflow valve closure is influenced both by the 
initial pulse of air that marks the start of mechanical 
systole, as well as by the end of diastolic filling of the 
preceding cycle, and may occur as a single or double 
event. Coincidental with the end of diastolic filling there 
is a momentary increase in pressure in the blood space 
of the ventricle, of sufficient magnitude to cause a re- 
verse diastolic pressure gradient between the ventricle 
and the atrium, resulting in momentary presystolic in- 
flow valve closure. As the pressure increase is momen- 
tary, the valve opens before closing again for the second 
time because of a rapid increase in pressure in both the 
air and blood spaces at the onset of mechanical systole. 
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FIGURE 1. Phonocardiographic (PCG) tracings obtained from a human 
Implanted with the Jarvik-7 model of the Utah Total Artificial Heart. 
`- Arrows indicate end of ventricular ejection (1) and end of diastolic filling 
(1). a = sound corresponding to onset of mechanical systole; b = sound 
corresponding to end of ventricular ejection; c = sound corresponding 
,' to onset of mechanical diastole; d = sounds corresponding to end of 
`- diastolic filling; LVAF = left ventricular drive line air flow, LVDP = left 
ventricular drive line air pressure; RVAF = right ventricular drive line 
alr flow; RVDP = right ventricular drive line air pressure. 


In diastolic periods when filling is not complete, there 
is only 1 sound resulting from the onset of mechanical 
. systole. In diastolic periods, when the left and right 
ventricle fill at different times, there are 2 presystolic 


sounds that may occur separately. Outflow valve closure 
may also occur as a double event. There is a momentary 
decrease in pressure in the blood space of the ventricle - 
at the end of ventricular ejection, sufficient to cause a 
reverse pressure gradient between the aorta or pulmo- 
nary artery and the left or right ventricle, which allows 
for a momentary closure of the outflow valve. Àt the end 
of mechanical systole the pressure in the air space drops 
suddenly, resulting in a second decrease in pressure in 
the blood space below that in the aorta or pulmomary . 
artery and final closure of the outflow valve. Right and 
left ventricular end ejection points may be separate, as 
in Figure 1, where premature closure sounds for both ` 
outflow valves can be identified, as well as a single clo- 
sure sound corresponding to the end of mechanical 
systole for both ventricles. 

Thus, these data indicate that regulated heart driver 
parameters including heart rate, percent systole and 
drive line pressure, as well as preload and afterload to 
the extent that they influence ventricular filling and 
emptying for 1 or both ventricles, will determine the 
presence and sequence of these sounds. Whereas pho- 
nocardiographic tracings may provide noninvasive di- 
agnostic information pertaining to total artificial heart 
function, we have found it extremely difficult to inter- 
pret such tracings without simultaneous drive line 
pressure or air flow signals. 


Acknowledgment: I express appreciation to William 
DeVries, MD, for permission to obtain the phonocardio- 
graphic recording reported in this paper, and to Pat Sine for 
technical assistance. 
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A Simple Device to Obtain 
Reproducible Echocardiographic 
Apical Cross Sections 


CEES A. VISSER, MD 
GERARD KAN, MD 
AREND J. DUNNING, MD 
With the technical assistance of ARIE STEENBEEK 
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In patients with coronary artery disease, the apical area 
often is the preferred acoustic window for recording 
2-dimensional (2-D) echocardiograms. The American 
Society of Echocardiography recently set standards for 
2-D echocardiographic cross sections, including the 
apical 4-chamber, 2-chamber and long-axis views.! 
However, because the ventricular septum encompasses 
roughly one-third of the left ventricular circumference, 
there are many ways to make a 4-chamber view, so that 
reproducibility remains limited, even if correct patient 
positioning and proper transducer placement and an- 
gulation are achieved. Moreover, sometimes the exact 
relation between different cross sections must be known, 
e.g., for calculating ejection fraction from 2 orthogonal 
views,’ when quantifying infarct size from 3 apical 
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long-axis views at mutual angles of 60°, or for evalu- 
ating aneurysm resectability.* 

Because 2-D echocardiography lends itself to serial 
study and because quantification becomes ever more 
important, a simple method of orientation would be 
helpful. Therefore, we developed a plastic ring, filled 
with oil and containing an air bubble. This ring is cali- 
brated at intervals of 30° and fixed around the body of 
the in-line transducer of a commercially available me- 
chanical 2-D echocardiograph (Fig. 1). Using the pos- 
terior right ventricular free wall—ventricular septal 
junction as a landmark for initial orientation, repro- 
ducible 4-chamber views can be obtained by rotating the 
transducer over a precisely known number of degrees. 
Other cross sections are subsequently made again after 
any chosen amount of rotation. 
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FIGURE 1. In-line wide-angle transducer with the ring mounted around m reus Kan G, Meltzer RS, David GK, Dunning AJ. Assessment of left 


aneurysm resectabHity by 2-dimensional echocardiography (abstr). 
its body. Note the air bubble and the 30? interval calibration marks. Circulation 1982;66:Suppt:li-1:89. 
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The AJC in July 1960 


WILLIAM C. ROBERTS, MD 


The July 1960 issue contained 21 articles occupying 232 
pages. This was the largest monthly issue of the AJC 
published up to this point, and it consisted entirely of 
articles from an International Symposium on Cardiol- 
ogy in Aviation conducted at the School of Aviation 
Medicine, USAF Aerospace Medical Center, Brooks Air 
Force Base, San Antonio, Texas, in November 1959. As 
pointed out by Lawrence E. Lamb, who organized the 
symposium, cardiology in aviation became important 
in World War IL! High-performance aircraft carried 
man to new heights and greater speeds. Hypoxia and 
increased gravitational force (g) due to acceleration in 
combat maneuvers created major stresses on the car- 
diovascular system. 'T'he limits of human tolerance to 
hypoxia and g force were studied extensively.? 


Without protective equipment or other sources to supply 
oxygen, man usually cannot tolerate altitudes in excess of 
23,000 feet . . . The heart is relatively resistant to hypoxia. The 
heart can survive for long periods ... when exposed to an 
oxygen tension as low as 15 mm Hg or to altitudes of 32,000 
to 40,000 feet . . . most normal subjects will begin to make both 
pulmonary and circulatory adjustments to altitudes between 
6,000 and 10,000 feet. Above these altitudes, the respiratory 
system has increasing difficulty in maintaining sufficient al- 
veolar pO». . . the diminished oxygen supply to the circulatory 
system requires greater adjustment in circulatory dynamics. 
At first this is accomplished by increased cardiac rate, and in 
some instances, increased stroke volume. Peripheral vascular 
dilatation may occur so that a greater amount of oxygen can 
be absorbed . . . With progressive hypoxia, diminished alveolar 
oxygen content may result in continued loss of peripheral 
vascular tone, which eventually may lead to circulatory col- 
lapse... When this occurs it is usually at altitudes... between 
18,000 and 23,000 feet. 

As alveolar oxygen diminishes, the amount of oxygen car- 
ried by the blood stream diminishes. The decreased oxygen 
content requires an increased cardiac output if adequate 
oxygen is to be supplied to the tissues. A greater amount of 
oxygen can also be extracted from the blood stream and, 
within limits, this aids in compensating for exposure to alti- 
tude. While the normal heart will tolerate the increased work 
imposed upon it by moderate degrees of hypoxia, the situation 
is quite different in cardiac disease. Whereas hypoxia stimu- 
lates dilatation of the normal coronary artery, this cannot 
_ be expected when the coronary vessel is rigid from athero- 
sclerosis. 

After the initial phase of increased cardiac rate, hypoxia 
may cause cardiac slowing. As hypoxia progresses, it results 


in stimulation of all receptors in the brain . . . Cardiac slowing 
to the point of collapse due to bradycardia may ensue... In 
generalized stimulation of all cardiovascular centers, a rise in 
blood pressure is common. This is caused by increased sym- 
pathetic control of the peripheral vascular bed with increased 
peripheral resistance. Finally, as hypoxia is continued to the 
point that there is accumulation of metabolites at the level of 
the tissues, these influences override sympathetic control and 
peripheral vascular collapse may ensue. 

The critical alveolar pO level is 30 mm Hg. At this level, 
the oxygen pressure of the venous blood of the central nervous 
system is approximately 19 mm Hg. This threshold occurs at 
an altitude of approximately 23,000 feet . . . the lethal altitude 
for most subjects. 

Any factor [increased environmental temperature or 
physical exertion] which increases the metabolic level de- 
creases man's tolerance to hypoxia ... Alterations in the 
ability of the blood stream to carry oxygen [anemia] will affect 


TABLEI Summary of Electrocardiographic Abnormalities 
in 67,375 Normal Subjects 


Abnor- 
% of Total malities per 
Abnor- 1,000 
Abnormality n maittles Subjects 
Nonspecific T-wave and ST- 581 23.0 8.6 
segment 
Ventricular ectopic beats* 419 16.8 6.2 
First-degree AV block 350 13.8 5.2 
Supraventricular premature 329 13.0 4.9 
contractions 
Atrial rhythm 328 13.0 4.9 
Wandering pacemaker 152 6.0 2.3 
Right bundle branch block 106 4.2 1.6 
WPW syndrome 106 4.2 1.6 
Possible myocardial Infarction 66 2.8 1.0 
AV dissociatlon ` 33 1.3 0.5 
Ventricular ystole 18 0.7 0.3 
Left bundle branch block 13 0.5 0.2 
Nodal rhythm 9 0.4 
Sinus arrest with escape 5 0.2 
Atrial flutter and fibrillation 5 0.2 
idioventricular rhythm 3 0.1 
Second-degree AV block 1 0.0 
Complete AV block 1 0.0 
Right ventricular hypertrophy 1 0.0 
Ventricular tachycardia 1 0.0 
Total abnorrnalities 2,527 SS 37.6 





* Not Including parasystole. 
AV = atrioventricular; WPW = Wolff-Parkinson-White syndrome. 
Reproduced with permission of the publisher. 
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TABLE I| Incidence Rate per Thousand Different Age Groups for Certain Electrocardlographic Abnormalities 


Nonspecific Possible 

Age T and ST Ventricular Supraventricular First-Degree Atrial Wandering Right Bundle WPW Myocardial 

(yr) Changes Ectopic Beats' Ectopic Beats AV Block. Rhythm Pacemaker Branch Block Syndrome infarction 
16-20 11.1 4.7 4.0 5.5 21.9 7.9 aoe 3.2 es 
20-24 5.2 5.4 5.3 6.0 9.0 5.0 1:2 1.8 0.3 
25-298 8.9 4.4 5.7 5.1 4.6 1.9 1.1 1.6 0.6 
30-34 7.2 7.1 4.0 4.6 2.0 12 2.1 1.8 1.3 
35-39 11.4 6.4 4.6 4.7 1T 0.7 1.8 1.3 1.0 
40-44 12.0 10.7 4.0 6.2 3.5 Ex 2.7 1.0 T 
454- 19.0 16.1 4.4 3.0 ` 1.4 Voss 4.4 2.9 4.4 
Tots group 8.6 6.2 4.9 5.2 4.9 2.3 1.6 1.6 1.0 


* Excluding parasystole. 
AV = atrioventricular; WPW = Wolff-Parkinson-White syndrome. 
Reproduced with permission of the publisher. 
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Hlecrocardogaphi Survey: Incidence of Abnormalities tolerance to altitude... Certain diseases of the lung prevent 
alveolar ventilation and/or diffusion of oxygen into the blood 
stream .. . Although many simple cardiac arrhythmias are not 
associated with elther cardiac disease or significant alterations 
in cardiovascular dynamics at ground level, they may induce 
serious arrhythmias during hypoxia... 


On April 4, 1957, the U.S. Air Force became the first 
branch of the Armed Forces to require routine electro- 
cardiograms on all flying personnel. (Subsequently, the 
Federal Aviation Agency required all commercial airline 
pilots to have electrocardiograms.) In this symposium, 
the results of analysis of the first 67,375 electrocardio- 
grams obtained in the USAF program are presented 
(Tables I and II).? The ages of the 67,375 subjects are 





listed in Figure 1. 
References 
FIGURE 1. The percentage of the total population (67,375) surveyed 1. Lam LE. Introduction. Symposium on Cardiology In Aviation. Am J Cardiol 
In each age group !s depicted by the solid line. The percentage of total 1960;6: 1, 2. 
abnormalities Is depicted by the broken Ilne. The 2 curves are similar, 2. mis LE. Influence of Am Gar dir deel eee normal cardiovascular system. 
indicating that the Incidence of the total abnormalitles Is about the same 3. Averill KH, Lamb LE. Electrocardiographic findings in 67,375 asymptomatic 


for all age groups. Reproduced with permission of the publisher. subjects. I. Incidence of Sano maltes Am J Cardiol 1960;6:76-83. 
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FROM THE EDITOR 


T kk The Article's Title 


The "S part of an article read by most cadens is the title. 
Much new.medical Information cah be acquired, however, 


' simply by reading the article's title, If it is a good one. Al 
‘though It Is the most frequently read part of a manuscript, 


the title Is given too little attention by most authors.. Indeed; 


the last thing written by many authors, just. before the final ` 


“typing of thelr manuscript, Is the manuscript’ s title. The 


title, if done in this manner, may be more of an afterthought | 


and not of the same standards as other portions of the 
fnanuscript. 

E - Whenever | write an article the first words put on paper 
„ara those of the article’ S title. Then with each revision of: 
the manuscript ihe title is carefully reexamined and usually 





the —— s message is In the title, the curiosity may 


_ be Immediately satisfied and the next article is then sought. E 


Subtitles, in my view, should be avoided. Subtitles often 


are more Specific than the'maln title and, therefore, they . 


reworded. Usually the article’ s title is changed several i 


times before the fi nal typing of the manuscript. Focusing 
on the itle requires careful focusing on the actual.contents 
- of the manuscript because the title should be a precise 
description of those contents. Often | have read manu- 
. Scripts and was surprised that thelr titles did not portray 
” what was actually In the article’s contents. As Fishbein has 
stated, ‘Thousands of papers lle buried in medical Iitera- 
ture because their titles did.not designate. the subject." 1 
A Charige the titles of most articles accepted for publication 


deserve to be the main title or at least Incorporated into. 


the main title. A minor factor against use of subtitles Is that 


oftén when articles containing subtitles dre. referenced, ` 


the subtitle Is omitted from the refererice. This practice, 


S of course, ‘Ig wrong. Titles of experimental studies should 


include-the animal species on.which the studies are done 
so that. the reader knows before beginning the article that 
the study is an experimental one. Titles as questions a 
generally should be avoided. Abbreviations in titles should a 
be avolded. Occasionally, use of Italics for 1 or 2 words m 
In a title provides useful emphasis. 

Cardlologic titles are of many types, but common re- 


curring dnes can be Identified. The first 2 words of these. ~ 


common ones immediately . characterize the type of 


manuscript and include the following: Analysis of . 


Association of . , Comparison of .. `, Effect of . 
Efficacy of. , Evaluation of. | Importance of . 
Influence of. . , Limitations of. , Relation of. 

- sults of . slsstiied of.. "o Value of ..... The 


ln the AJC. The change in some may. be the deletion or 


addition of only 1or 2 words. In: others, the change may be 


extensive: My: title changes are made before the manu- 


l script Is returned to the authors for revision so that they can 


approve the changes. If the changes are made on the ré- : 


vised manuscript, the authors are always Informed of these 


changes so that they have an opportuni: to approve or : 


disapprove of them. 

"What constitutes a good title? ‘Above all, as sibeady 
mentioned, ‘the title should be descriptive of the mariu- 
scilpt's contents. This description should not be in general 
‘terms but In as spectfic and precise terms as possible. The 
title should be devold of excessive words ‘but sufficient in 
wards to adequately describe the manuscript’ S contents. 


The title should have a smooth flow. Although one could © 


readily argue otherwise, in my view, the message of the 
manuscript should not be the manuscript’s title. The title 


‘ idéally should arouse the; reader's curiosity so that he or^ 


remainder f this plece will provide specific. NOSE of 


. some of my changes in titles in a 3-month perlod in 1985 | 


: she will go past the-title into the manuscript's contents. If — 


oa 
woa’ K 
yo! D 


com, 


deleted. 


in manuscripts gubmitted to the AJC. 


x Excessive Words | 
(0) "Effects of Coenzyme Q10 on Exercise Tolerance 
in Chronic Stable ‘Angina: A Double. ‘Blind Randomized, ! 
Placebo-Controlied Crossover Trial. " The last 8 “oe ET 
were deleted. E 
(2) "T Interhospital Transport of Patients With Ongoing : 


intraaortic Balloon Pumping: A Patr Eapananea "The .... 


last 4 words were deleted. — ' ` : z 
(3) “The Clinical Utllity of Two-Dimensional Echocar- E 
diography in Patients With Suspected Aortic Root Dis- :- 


section” to “Utility of 2-Dimensional Echocardiography mm 


in Suspected Ascending Aortic Dissection.” The phrases T 
“in patiènts,” “in a case of” and a man" usually canbe. . 


um 
(^ 


Re- » 
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Insufficient Wording 


(1) “Unrecognized Myocardial Infarction Detected in 
Gerlatric Patients" to “Unrecognized Q-Wave Myocardial 
Infarction In Patlents Over 64 Years of Age in a Long-Term 
Health-Care Facility.” 

(2) "Extravascular Lung Water in Children With Atrial 
Septal Defect" to “Extravascular Lung Water in Children 
Immediately After Operative Closure of Elther Atrial Septal 
Defect or Ventricular Septal Defect.” 

(3) "Echocardlographlc Assessment of Right Ventric- 
ular and Pulmonary Artery Size in Children With Atrial 
Septal Defect" to “Usefulness of Echocardiographic As- 
sessment of Right Ventricular and Pulmonary Trunk Size 
For Estimating Magnitude of Left-to-Right Shunt in Children 
With Atrial Septal Defect.” 


Imprecise Descriptlon of Manuscript's Contents 


(1) "Cardiac Rehabilitation of Children After Surgical 
Repair of Cyanotic Congenital Heart Disease” to “Effect 
of Intense Aeroblc Training on Exercise Performance in 
Children After Surgical Repair of Either Tetralogy of Fallot 
or Complete Transposition of the Great Arteries.” 

(2) "Effects of Hydralazine on Pressure-Volume and 
Stress-Volume Relatlonships in Ventricular Failure" to 
“Effects of Hydralazine on Pressure- Volume and Stress- 
Volume Relations in Congestive Heart Failure Secondary 
to Idiopathic Dilated Cardiomyopathy.” 

(3) ‘Intracoronary Thrombolysis Long After Myocardial 
Infarction: Therapy For Post-infarction Angina” to "Intra- 
coronary Thrombolysis 3 to 13 Days After Acute Myo- 
- cardial Infarction For Post-Infarction Angina Pectoris.” 

(4). "Doppler Diagnosis of Aortic Stenosis in the Elderly” 
to ‘Doppler Diagnosis of Valvular Aortic Stenosis In Pa- 
tients Over 60 Years of Age." This title is one in which the 
phrase “in patlents" is better present than absent. 

(5): “Quantitative Assessment of Semllunar insuffi- 
clency By Doppler Echocardiography” to “Quantitative 
Assessment by Doppler Echocardiography of Pulmonic 
or Aor ic Regurgitation.” 

(6) l"hedonce of Intracoronary Thrombus in Unstable 
Angina” to "Frequency of Intracoronary Filling Defects 
(Presumably Thrombus) by Angiography in Angina Pectoris 
At Rest." 


| Avolding Subtitles 
(1) "Prediction of One-Year Mortality After Myocardial 


Infarction: Value of Programmed Stimulation and Exercise: 


Testing” to “Value of Programmed Stimulation and Ex- 
ercíso Testing In Predicting 1-Year Mortality After Acute 
Myocardial infarction. '' 

(2) "Fick Versus Indicator Dilution Measurements of 
Cardiac Output: An Analysis of Factors Affecting the 
Varlability of the Technique” to "Analysis of Factors Af- 


~- 


fecting the’ Varlability of Fick Versus Indicator Dilution 
Measurements of Cardiac Output.” | 

(3) Hemodynamic Improvement With Intravenous 
Verapamil in Hypertrophic Obstructive Cardiomyopathy: 
Cardiac Catheterization and Simultaneous Continuous 
Wave Doppler Findings” to “Usefulness of Doppler 
Echocardiography For Determining Hymodynamic Im- 
provement With Intravenous Verapamil in Hypertrophic 
Cardiomyopathy.” 

(4) “False Tendons: Association With Left Ventricular 
Aneurysm” to “Association of False Tendons With coe 
Ventricular Aneurysm.” 

(5) "Magnetic Resonance Imaging of The Left Ven- 
tricle: The Importance of Image Plane” to "Importance of 
the Imaging Plane For Magnetic Resonance Imaging of the 
Normal Left Ventricle. '' 

(6) "Complex Coronary Angloplasty: A New Tech- 
nique For Safe, Effective Dilation of Bifurcation Stenosis” 
to “Angioplasty For Dilatation of Complex Coronary Artery 
Bifurcation Stenosis.” 

(7) "Aortic to Mitral Valve Opening Area Ratio: A 
Parameter For the Presence and Severity of Mitral 
Regurgitation" to “Echocardiographic Aortic-to-Mitral- 
Opening-Area Ratio for Determining The Presence and 
Severity of Mitral Regurgitation.” 

(8) “Disturbances of the Cardiac Conduction System 
and Its Autonomic Regulation in Patlents With Familial 
Amyloid Polyneuropathy. Electrophysiological Evaluation 
and Pharmacological intervention” to "Electrophysiolog- 
ical Evaluation of the Cardiac Conducting System and 
lts Autonomic Regulation in Familial Amylold Poly- 
neuropathy. ” 

(9) "Coronary Vasomotion in a Patlent with Angina 
at Rest: Augmentation of Coronary Blood Flow by Sub- 
lingual Nitroglycerin"" to “Coronary Vasomotion In Rest 
Angina and Effect of Sublingual Nitroglycerin on Coronary 
Blood Flow." 

(10) "Coronary Revascularizatlon With The Internal 
Mammary Artery: The Other Bypass Graft’’ to "Coronary 
Bypass Using the Internal Mammary Artery.” 


Avold Placing the Manuscript's Message 
in the Title 

(1) "Inhibition of Epinephrine and Norepinephrine Re- 
lease During Exercise Stress by a Benzodiazepine in Man” 
to "Effect of a Benzodiazepine (Alprazolam) on Epi- 
nephrine and Norepinephrine Release During Exercise 
Stress." 

(2) "The High Prevalence of Brown Adipose Tissue In 
Chronic Heart Failure Patlents: A Potential Role in Ther- 
moregulation" to “Prevalence of Brown Adipose Tissue 
In Chronic Congestive Heart Failure Secondary to Coronary 
Heart Disease.” 
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(3) "Doxorubicin-Induced Heart Fallure: Fallure of 
Prevention By a Free Radical Scavenger” to "Usefulness 
of a Free-Radical Scavenger in Preventing Doxorubicin- 
Induced Heart Failure In Dogs.” 

(4) "Prevention of Left Ventricular Thrombosis By High 
Dossage Anticoagulants in Acute Myocardial Infarction” 
to “Usefulness of High-Dose Anticoagulants in Pre- 
venting Left Ventricular Thrombus ‘in Acute Myocardial 
Infarction.” 

(5) “Changes in the Intensity of Heart Sounds With Age” 
to "Relation of Intensity of Cardiac Sounds to Age.” 

(6) “Attenuation of the Cardiovascular Responses to 
Early Exercise in Patients With Inferior Wall ST Infarction” 
to "Cardiovascular Responses to Early Exercise in Inferior 
-~ Wall ST Acute Myocardial Infarction.” 

(7) "The Beneficial Effect of Atenolol on Exercise Ca- 
pacity In Patients With Mitral Stenosis in Sinus Rhythm" 
to “Effects of Atenolol on Exercise Capacity in Mitral 
Stenosis With Sinus Rhythm.” 

(8) ‘Intraoperative Left Ventricular Microbubbles Do 
Not Predict Poor Neurologic Outcome" to “Usefulness 
of Intraoperative Left Ventricular Microbubbles Detected 
By Transesophageal 2-Dimensional Echocardiography 
in Predicting Neurologic Outcome After Cardiac 
Operations.” 

(9) “Reduction of Right Ventricular Hypertrophy in an 
Experimental Model Hypoxic Pulmonary Hypertension With 
Diltlazem and ibuprofen” to "Effect of Diltlazem and ibu- 
profen on Right Ventricular Hypertrophy in an Experimental 
Model of Hypoxic Pulmonary Hypertension." In retrospect, 
the name of the animal, rat or dog, etc., rather than “an 
experimental animal" is preferred. 


Clearly Identify Nonhuman Experimental Articles 
by Identifying the Animal Species 
(1) “The Protective Effect of Intact Endothelium Against 
'Platelet-Induced Coronary Artery Spasm In A Supported 
Isolated Heart Preparation” to “Effect of intact Endothellum 
Against Platelet-induced Coronary Artery Spasm in Isolated 
Rabbit Hearts.” 


Avoid Abbreviations in Titles 


(1) “Relationship of the Occlusion Pressure During 
PTCA to Collaterals” to “Relation of the Coronary Arterial 
Occlusion Pressure During Percutaneous Transluminal 
Coronary Angioplasty to Presence of Collaterals.” 

(2) “Case Report: Uncommon A-V Node SVT” to 
“Atrioventricular Nodal Supraventricular Tachycardia.” 

(3) "AV Fistula: An Infrequently Recognized Compli- 
cation of Cardiac Catheterization” to "Arteriovenous 
Fistula: A Rare Complication of Arterial Puncture For 
Cardiac Catheterization.” 


(4) “Accidental Death Immediately After Technically 
Successful PTCA: Pathological Findings” to ‘‘Coronary 
Arterial Findings Following Accidental Death Immediately 
After Successful Percutaneous Transluminal Coronary 
Angioplasty.’ 


Avold Questions in Titles 


(1) “Outpatient Cardiac Catheterizations—Are They 
Safe?” to “Safety of Outpatient Cardiac Catheteriza- 
tions.” 

(2) "Nonsustained Ventricular Tachycardia During 
Programmed Ventricular Stimulation: What Constitutes a 
Positive Test Result?" to "Nonsustained Ventricular 
Tachycardia During Programmed Ventricular Stimulation: 
Criteria For a Positive Test.” 


Poor Flow of Words 


(1) "The Left Ventricular Volume For the Indication of 
Total Correction of Fallot's Tetralogy” to “Usefulness of 
Left Ventricular Volume In Assessing Tetralogy of Fallot 
for Total Correction.” 

(2) “Left Ventricular Thrombus Complicating Acute 
Reversible Cardiomyopathy Following Natural Gas Pol- 
soning” to “Acute Left Ventricular Dysfunction and 
Thrombosis Following Natural Gas Polsoning.”’ 


Conclusion 


None of the suggestions provided above are absolute. 
On many occasions subtitles are useful. A question as a ` 
title sometimes Is useful. | often have used the abbreviation 
AJC In titles of From-the-Editor columns in this Journal. On . 
occasion, the manuscript's message in the title Is useful. 
The title "Left Atrial Hemorrhage After Balloon Atrial 
Septostomy: A Technique for Successful Resuscitation” 
was changed to "infusion of Blood From Pericardial Sac 
Into Femoral Vein: A Technique For Survival Until Oper- 
ative Closure of a Cardiac Perforation During Balloon 
Septostomy. " Nevertheless, general principles for titles 
of medical articles are useful. Because tho title is the most 
frequent and often the only portion of an article read, more 
attention needs to be given to its development. 


AU, C MU m 


William C. Roberts, MD | 
Editor in Chief 


1. Fishbein M. Medical Writing. The Techn and the Art. 4th Ed. ngfietd, 
IL: Charles C Thomas, 1972:39. am a 
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The First Practical Atlas of | | 

2-D Echocardiography 
Ever Published 





Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 
ISBN 0-914316-35-4, 198 pp, illus., large format 8'4 x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 
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i All books sent on 30 day approval 


É C Please send me Atlas of 2-Dimensional Echocardiography 
(0031) $69.00 

O Enclosed is my check for ____ which includes $1.50 for handling. 
Yorke pays postage. (same return privilege) 

C] Please bill my C) VISA O MasterCard (same return privilege) 

Card Number 


Signature CC Exp. Date — 1 lnterbank No. (M/C) 
LJ Please bill me plus postage and handling. (U.S. and Canadian orders only) 
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Address 


City/State/Zip 
Send orders to: 


Yorke Medical Books x 
Box C-757, Brooklyn, New York 11205 AIC 
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Hypertension 





Catapres® 


(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 

Usage in edad d In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood pressure, clonidine hydro- 
chloride should be used with caution in patients with severe corcnary insuffi- 
aes, recent myocardial infarction, cerebrovascular disease or chronic renal 
ailure. 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. €onstipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests; one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, Hands phenomenon; vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental peanon of Catapres 
(clonidine hydrochloride) by several children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
or complete details, please see full prescribing information. 
Under license from Boehringer Ingelheim International GmbH 


Reference: 

1. Drayer JIM, Weber MA. Current concepts in the evaluation and treat- 
ment of patients with mild to moderate hypertension. Hosp Formul 1983; 
18: 164-70. 


alli Y Boehringer Boehringer Ingelheim Ltd. 
we Ingelheim Ridgefield, CT 06877 
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Miled Approach to conn 
the Primary Care Physician in Mind 


Rheumatology 


A Primary Care Approach 


Written by: 

Bruce M. Rothschild, MD 

Director, Division of Rheumatology, University Health Sciences, 
The Chicago Medical School Chief, Section of Rheumatology, V.A. 
Medical Center North Chicago, Illinois 


ISBN 0-914316-33-8, $42.50, 430 pp., illus., 1982. 


with 





"What i is Rheumatology: A Primary Care Approach? 
€ a succinct (approx. 450 pp.) yet comprehensive presentation of the latest tech- 
niques in diagnosis and therapeutic interventions of most use to the primary 
care physician 
€ a practical *how-to" desk reference to a difficult but common disease affecting 
over 35 million patients in the U.S. alone 
€ a book meant to be used regularly, not read once and stored away on a library 
shelf 
€ the primary care physicians’ answer to the huge, weighty tomes on Rheumatol- 
ogy which offer too little on diagnosis and treatment and too much on etiology 
and mechanisms of disease 


Abbreviated Table of Contents 


Section 1 Investigative Techniques 
Section2 Patterns 
Section 3 Management 


“This compact, well-designed and generally informative volume is a useful refer- 

ence for the management of rheumatic disease by physicians who deliver primary 

care. The family physician will undoubtedly use this frequently as a reference." 
Charles M. Plotz, MD American Family Physician 


*This book is a good primer for students, residents, and health professionals who 
would like a glimpse into rheumatology. It can be recommended for all but the 
specialist (but perhaps the specialist should read it, too, to see what those he is 
training are learning). " 

George E. Ehrlich, MD JAMA September ’83 


This is a superb text by a sensitive, concerned, organized author of international 
repute . . . Each chapter is well outlined, concise, practical, and has a current and 
appropriate bibliography at the end . . . a skillfully structured text which is a qual- 
ity contribution . . . a very readable text." 

John A. Feagin, Jr., MD Military Medicine March '83 
























H Send orders to: AJCG5 i 
| Yorke Medical Books ! 
i Box C-757, Brooklyn, New York 11205 I 
| Please send me Kheumatology: A Primary Care Approach (00029) $42.50, on 30 day approval | 
l O Enclosed is my check for hich includes $1.50 for handling. Yorke pays postage. | 
l O Please bill me plus postage and handling. (U.S. and Canadian residents only.) i 
i O Please bill my O VISA O MasterCard i 
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| NAME l 
| ADDRESS i 
| cry | 
| STATE ^ E RE Ey 
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Before prescribing, pleasesee — 
full prescribing information. Je 
A Brief Summary follows: 


INDICATIONS 
Nitroglycerin is indicated for rhe prophylaxis, - 1% PL 
treatment and management of patients — 
with angina pectoris. E. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contra- 
indicated in patients with early myocardial ` 
infarction, severe anemia, increased intra- 5 
cranial pressure, and those with o known 9 
hypersensiriviry ro nitroglycerin. i^ 


PRECAUTIONS 

Only rhe smallesr dose required for effec 
tive relief of rhe acute anginal attack "Pom 
should be used. Excessive use may lead to 
rhe development of tolerance. Nirrosror — — 
tablets are intended for sublingual or buc- m 
cal administration and should nor be swal- ma 
lowed. The drug should be discontinued iH 
if blurring of vision or drying of rhe mourh 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS ee 
Transient headache may occur immedi- ^ 
ately after use. Vertigo, weakness, palpira- 
tion, and other manifestations of postural - d 
hypotension may develop occasionally — 
particularly in erect, immobile patients. — — — 
Syncope due ro nitrate vasodilation has 
been reported. Alcohol may accentuare 

rhe cerebral ischemia symproms. 


METHOD OF ADMINISTRATION B 
One robler should be dissolved underthe 
tongue or in rhe buccal pouch ar the first — 
sign of an acute anginal attack. The dose 
moy be repeated approximarely every five 
minutes until relief is obtained. Nitrostot -= a 
may be used prophylactically five roten = 
minutes prior ro engaging in activities = = — 
which mighr precipitare an acute attack. — 
HOW SUPPLIED 


Nirrosrar is supplied in four strengths in i ý b, 
borrles containing 100 roblers each, with — 



































































































color-coded labels, and in colorcoded Em. 
Parienr Convenience Packages of four ^ 
borrles of 25 rablers each. a 
0.15 mg (1/400 grain): p 


N 0071-0568-24—Bontle of 100 tablets ^ 13 
N 0071-0568-13— Convenience Package. — 5 


0.3 mg (1/200 grain): E. 
N 0071-0569-24— Dortle of 100 tablets = 
N 0071-056913— Convenience Package. ~ 


0.4 mg (1/150 grain): + | EN 
N 0071-0570-24— Dortle of 100 rablets —  — 
N 0071-0570483— Convenience Package. 7 


0.6 mg (1/100 grain): M b 
N 0071-0571-24 — Bottle of 100 rablers; | MN i 
N 0071-0571-13— Convenience Package. 
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Jus STAT too, has built-in prorecrion— 
ororectic ymitroglycerin. In fact, NITROSTAT is more 
stable than conventional nitroglycerin tablets under all conditions 
of femperature and humidity tested. 

Bur rhar's not all. Average assay still shows better than 100% of label 
claim for ar least 60 months after manufacture of NITROSTAT. Decaus 
of this stability NITROSTAT has a five-year expiration dare* ! 

Whars more, only NITROSTAT Toblers are ovailable in convenient 
packages of 4 x 25 rablers. So emergency angina relief can be ready 
when needed in four different locations. "Because of irs rapid action, 
long-established efficacy and low cost, nitroglycerin is the most useful 
drug among the organic nitrates that can be given sublingually"! 
NITROSTAT. .. useful alone or as concomitant therapy with long-acting 
nitrates or propranolol. 


*Five-yeor expirarion dare when stored at recommended sroroge conditions in an unopened borrle 
Doro on file, Medical Affairs Dept, Parke-Davis 14 


REFERENCE: 1. Needleman P Johnson EM Jr. Vasodilarors and rhe rreormenr of angina, in Gilman AG. Goodman LS, Gilman A (eds) 
Goodman and Gilman's The Pharmacologica! Dosis of Therapeutics ed 6. New York, Mocmillon Publishing Co, Inc, 1980, pp 819-833 


Please see preceding page for brief summary of prescribing informarion. 
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From the publishers of the 
American Journal of Medicine 


Jay S. Skyler, M.D., 
University of Miami School of Medicine 


George F. Cahill, Jr., M.D., 


Harvard Medical School and 
Howard Hughes Medical Institute 








60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


O The causes of diabetic inheritance 

O Immune factors of diabetes 

O Mechanisms of diabetes (The culmination of 50 years of research) 

O Autoimmunity 

O New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

O New developments in the treatment of diabetes 

O Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

O Pharmacology of oral hypoglycemics 

[J Use of insulin infusion devices 

O Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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Yorke Medical Books UR 

] Box C-757, Brooklyn, New York 11205 

i Please rush me: 

| (. . — copy(s) of Diabetes Mellitus $35.00 (00023). 

i C] Enclosed is my check for which includes $1.50 for handling. Yorke pays postage. 

i O Please bill me plus postage and handling. (U.S. and Canadian residents only.) 

i O Please bill my O VISA C] MasterCard 

| Card No, ———— lS $m 

t Exp. Date____________M//C Interbank No. 

! Signature — $= 
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i EDDEDES: IDA or uii se ren lt 

l cny BE BACEN L8 e M A AE 

STATE ZIP 

i Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders 

i to be shipped outside the U.S. and Canada. 
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Cardiologist 


Desert Hospital, an ultra- 
modern 350-bed acute 
facility, will soon begin a 
cardiac surgery program, 
and we're seeking a Medical 
Director for the Cardiac 
Catheterization Lab. 









This challenging position 
requires Board certifica- 
tion, three years post- 
training, and experience 
with cardiac surgery (in- 
cluding angioplasty and 
intracoronary strepto- 
kinase procedures) at a 
teaching hospital. 





For immediate considera- 
tion, please send resume in 
confidence to: 


LOU 
HOSTEL 


Medical Staff Office 
P.O. Box 1627 
Palm Springs, CA 92263 


An Equal Opportunity Employer 








Md b 
a mrs “Ems 
N AE TOR 
E a AN 


2 S. 


. = 
> ae 
As J 


4 
i a A AAA 427 y 
$e. d. " A 
TL Ppt ae eee tae. s i'n ua y 


<+ 














ai G28 MA Ra sc SEIS Se hk 
E 
lo ee f MESE ‘t EA i 

E 


m t * 
d 


CETT UY SA 4 PANTIE Ol See 
YT . — a ict lec r 
! ^ Ha ur I TE.: ei ie PER FT P 


i 





r 


f 
| 
H 
i 
f 


t- ? 
I 





| | ] 
dems o Qua oe 
| 










J Like other antiarrhythmics, tocainide has not been TONOCARD'* (Tocainide HCI, MSD) is contraindi- 
$ shown to prevent sudden death in patients with cated.in patients who are hypersensitive to this 

i serious ventricular ectopic activity, and also, like product or to local anesthetics of the amide type 

1 other antiarrhythmics, it has potentially serious and in patients with second- or third-degree atrio- 

B adverse effects including the ability to worsen ventricular block in the absence of an artificial 

L arrhythmias. It is therefore essential that each ventricular pacemaker. 

patient given tocainide be evaluated electrocardio- 4 

i graphically and clinically prior to and during Periodic monitoring of liver function should be | 
m tocainide therapy to determine whether the re- considered. Hepatitis and jaundice have been 


sponse to tocainide supports continued treatment. reported in some patients. 


For a Brief Summary of Prescribing Information, please see last page of this advertisement. 
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A product of Astra/Merck research 
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ns Ae TONOCARD* 
a. (Tocainide HC! | MSD) 


- Like other antiarrhythmics, tocainide has not been shown to 
prevent sudden death in patients with serious ventricular ec- 
topic activity, and also, like other antiarrhythmics, it has poten- 

.. tially serious adverse effects, including the ability to worsen 

___ arrhythmias. It is therefore essential that each patient given 

.. tocainide be evaluated electrocardiographically and clinically 
prior to, and during, tocainide therapy to determine whether 
the response to tocainide supports continued treatment. 


_ CONTRAINDICATIONS: Patients who are hypersensitive to 
this product or to local anesthetics of the amide type. 
Patients with second or third degree atrioventricular block 
.. inthe absence of an artificial ventricular pacemaker. 


_ WARNINGS: Blood Dyscrasias: Leukopenia, agranulocyto- 
- Sis, hypoplastic anemia, and thrombocytopenia, possibly dru 
— related, have been reported in patients receiving TONO- 
CARD. Many of these events occurred in patients who were 

seriously ill and who were receiving concomitant drugs. Pa- 
tients should be instructed to promptly report the develop- 
ment of bruising or bleeding and any signs of infection such 

. as fever, sore throat, or chills. Periodic blood counts are rec- 

ommended, particularly during the first six months of therapy. 
Af any of these hematologic disorders is identified, TONÓ- 
CARD should be discontinued and appropriate treatment 

. should be instituted if necessary. Blood counts usually return 
- to normál within one month of discontinuation (see ADVERSE 

... REACTIONS). 

E Acceleration of Ventricular Rate: Acceleration of ventric- 
-ular rate occurs infrequently when antiarrhythmics are admin- 

-. istered to patients with atrial flutter or fibrillation (see ADVERSE 

~ REACTIONS). 


.. PRECAUTIONS: General: Pulmonary Fibrosis: Pulmonary 
-.. fibrosis, pneumonitis, alveolitis, pulmonary edema, and 
_ pneumonia, possibly drug related, have been reported in 
patients receiving TONOCARD. Many of these events oc- 
. Curred in patients who were seriously ill. The experiences are 
usually characterized by bilateral infiltrates on x-ray and are 
frequently associated with dyspnea and cough. Fever may or 
may not be present. Patients should be instructed to promptly 
report the development of any pulmonary symptoms such as 
exertional dyspnea, cough or wheezing. Chest x-rays are ad- 
visable at that time. If these pulmonary disorders develop. 
eh e should be discontinued (see ADVERSE REAC- 
IONS). 

In patients with known heart failure or minimal cardiac 
reserve, TONOCARD should be used with caution because 
of the potential for aggravating the degree of heart failure. 

Caution should be used in the institution or continuation 
of antiarrhythmic therapy in the presence of signs of increas- 
ing depression of cardiac conductivity. 

In patients with severe liver or kidney disease, the rate of 

- drug elimination may be significantly decreased (see DOS- 
AGE AND ADMINISTRATIO ). 
2 Since antiarrhythmic drugs may be ineffective in patients 
_ with hypokalemia, the possibility of a potassium deficit should 
. be explored and, if present, the deficit should be corrected. 
Mig Like all other oral antiarrhythmics, TONOCARD has been 
F> oq to increase arrhythmias in some patients (see AD- 
VERSE REACTIONS). 
-. Laboratory Tests: As with other antiarrhythmics, abnormal liver 
_ function tests, particularly in the early stages of therapy, have 
. been reported. Periodic monitoring of liver function should 
. beconsidered. Hepatitis and jaundice have been reported in 
- some patients. 
- Drug Interactions: Specific interaction studies with digoxin 
. &ndmetoprolol have been conducted, no clinically significant 
. interaction was seen with digoxin, but tocainide and metopro- 
_ lol had additive effects on wedge pressure and cardiac index. 
TONOCARD has also been used in open studies with digitalis, 
| beta-blocking agents, other antiarrhythmic agents, anticoag- 
. ulants, and diuretics, without evidence of clinically significant 
2» interactions. Nevertheless, caution should be exercised in the 
use of multiple drug therapy. 
f TONOCARD is equally effective in digitalized and non- 
. digitalized patients. In 17 patients with refractory ventricular 
- arrhythmias on concomitant therapy, serum digoxin levels 
- (11 + 0.4 ng/mL) remained in the expected normal range (0.5- 
- 2.5 ng/mL) during tocainide administration. 
_ Pregnancy: Pregnancy Category C: In a teratogenicity study 
. in rabbits, tocainide was administered orally at doses of 25, 
_ 50, and 100 mg/kg/day (about 1 to 4 times the usual human 
- dose). No evidence of a drug-related teratogenic effect was 
. noted; however, these doses were maternotoxic and pro- 
. di a dose-related increase in abortions and stillbirths. In 
. ateratogenicity study in rats, an oral dose of 300 mg/kg/day 
_ (about 12 times the usual human dose) showed no evidence 
_ Of treatment-related fetal malformations, but maternotoxicity 
and an increase in fetal resorptions were noted. An oral dose 
. Of 30 mg/kg/day (about twice the usual human dose) did not 
produce any adverse effects. 

In reproduction studies in rats at maternotoxic oral doses 

- of 200 and 300 mg/kg/day (about 8 and 12 times the usual 
human dose, respectively), dystocia, and delayed parturition 
occurred which was accompanied by an increase in stillbirths 

"and decreased survival in offspring during the first week post- 
partum. Growth and viability of surviving offspring were not 
affected for the remainder of the lactation period. 
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TONOCARD* 
(Tocainide HC! | MSD) 

There are no adequate and well-controlled studies in 
pregnant women. TON ' 
anay only if the potential benefit justifies the potential risk to 
the fetus. 

Nursing Mothers: It is not known whether tocainide is secreted 
in human milk. Because many drugs are secreted in human 


milk and because of the potential for serious adverse reac- 


tions in nursing infants from TONOCARD, a decision should 
be made whether to discontinue nursing or to discontinue the 
drug, taking into account the importance of the drug to the 
mother. 

Pediatric Use: Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS: TONOCARD commonly produces 
minor, transient, nervous system and gastrointestinal adverse 


reactions, but is otherwise generally well tolerated. TONO- 


CARD has been evaluated in both short-term (n = 1,358) and 


long-term (n= 262) controlled studies as well as a compas- 


sionate use program. Dosages were lower in most of the 


controlled studies (1200 mg/day) and higher in the compas- 


sionate use program (1800 mg and more). In long-term (2-6 


months) controlled studies, the most frequent adverse reac- 


tions were lightheadedness/dizziness (15.3 percent), nausea 
(14.5 percent), paresthesia/numbness (9.2 percent), and 


tremor (8.4 percent). These reactions were generally mild, 
transient, dose-related and reversible with a reduction in dos- 
age, by taking the drug with food, or by therapy discontinua- 


tion. Tremor, when present, may be useful as a clinical indicator 


that the maximum dose is being approached. Adverse reac- 
tions leading to therapy discontinuation occurred in 21 per- 


cent of patients in long-term controlled trials and were usually 
related to the nervous system or gastrointestinal system. 
Adverse reactions occurring in greater than one percent 


of patients from the short-term and long-term controlled stud- 


ies appear in the following table: 


JS ORES SHE ES en ERI das I, OD Sy NA. CRT EN 
Percent of Patients 


Controlled Studies 
Short-term Long-term 
(n21,358) (n=262) 


NERVOUS SYSTEM 

Lightheadedness/dizziness/ 
vertigo/giddiness 

Paresthesia/numbness 

Tremor/quivering/tremulousness 

Confusion/disorientation/ 
hallucinations 

Altered mood/awareness 

Restlessness/shakiness/ 
nervousness 

Blurred vision/visual 
disturbances 

Discoordination/unsteadiness/ 
walking disturbances 

Anxiety 

Tinnitus/hearing loss 

Ataxia 

Nystagmus 
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GASTROINTESTINAL SYSTEM 
Nausea 5 
Vomiting 8 
1 

0 


— 


Anorexia 
Diarrhea/loose stools 


CARDIOVASCULAR SYSTEM 
Hypotension 3 
Bradycardia 1 
Palpitations 1 
Chest pain 1 
Conduction disturbances 1 
Left ventricular failure 1 


OTHER 

Sweating/cold sweat/night sweats/ 
clammy 5.1 

Headache 2.1 

Tiredness/drowsiness/fatigue/ 
lethargy/lassitude/sleepiness 1.6 

Hot/cold feelings 0.5 

Rash/skin lesion 0.4 


An additional group of about 2,000 patients has been treated 
in a program allowing for the use of TONOCARD under com- 
assionate use circumstances. These patients were seriously 
ill with the large majority on multiple drug therapy, and com- 
paratively high doses of TONOCARD were used. Fifty-four 
percent of the patients continued in the program for one year 
or longer, and 12 percent were treated for longer than three 
years, with the longest duration of therapy being nine years. 
Adverse reactions leading to therapy discontinuation oc- 
curred in 12 percent of patients (usually central nervous sys- 
tem effects or rash). A tabulation of adverse reactions 

occurring in one percent or more of patients follows: 


MSD 


Satie 


ARD should be used during preg- 


TONOCARD* 
(Tocainide HC! | MSD) 


Percent of Patients 
Compassionate Use 
(n = 1,927) 


NERVOUS SYSTEM 

Lightheadedness/dizziness/ 

vertigo/giddiness 258 
Tremor/quivering/tremulousness 21.6 
Restlessness/shakiness/ 

nervousness 11:5 
Confusion/disorientation/ 

hallucinations 1 
Altered mood/awareness 1 
Ataxia 1 
Blurred vision/visual disturbances 1 
Paresthesia/numbness 
Nystagmus 


GASTROINTESTINAL SYSTEM 
Nausea 24 
Anorexia 11 
Vomiting 9 
Diarrhea/loose stools 6 


CARDIOVASCULAR SYSTEM 
Increased ventricular arrhythmias/ 

PVCs 10.9 
CHF/progression of CHF 40 
Tachycardia 3.2 
Hypotension 1.8 
Conduction disturbances 1.3 
Bradycardia 1.0 


OTHER 
Rash/skin lesion 12 
Sweating/cold sweat/night sweats/ 
clammy 8. 
Arthritis/arthralgia 4 
Myalgia 1 
Lupus 1 


P A Be ree NS 
Adverse reactions occurring in less than one percent of pa- 
tients in either the controlled studies or the compassionate 
use program are as follows: 

Nervous System: Coma, convulsions/seizures, depres- 
sion, psychosis, mental change, agitation, altered taste/smell, 
difficulty concentrating, pacer dysarthria, impaired mem- 
ory, increased stuttering/slurred speech, insomnia/sleeping 
disturbance, local anesthesia, nightmares, thirst, weakness, 
myasthenia gravis. 

Gastrointestinal System: Abnormal liver function tests, 
hepatitis, jaundice (see PRECAUTIONS); abdominal pain/ 
discomfort; constipation; dysphagia; gastrointestinal symp- 
toms (including dyspepsia). 

rdiovascular System: Ventricular fibrillation, extension 
of acute myocardial infarction, cardiogenic shock, angina, AV 
block, hypertension, increased QRS duration, pleurisy/peri- 
carditis, prolonged QT interval, right bundle branch block, 
syncope, vaso-vagal episodes, cardiomegaly, sinus arrest. 

Pulmonary System: Respiratory arrest, pulmonary edema, 
pulmonary embolism, pulmonary fibrosis, alveolitis, pneu- 
monia, pneumonitis, dyspnea. 

Other: Hematologic disorder (agranulocytosis, hypo- 
plastic anemia, anemia, leukopenia, thrombocytopenia), in- 
creased ANA, urinary retention, polyuria/increased diuresis, 
alopecia, cinchonism, claudication, cold extremities, dry 
mouth, earache, edema, fever, hiccups, itching, leg cramps, 
malaise, metallic/menthol taste, muscle twitching/spasm, neck 
pain, pain radiating from neck, pallor/flushed face, pressure 
on shoulder, yawning. 

Leukopenia, agranulocytosis, hypoplastic anemia, and 
thrombocytopenia, possibly drug related, have been re- 
ported (0.10 percent) in patients receiving TONOCARD in 
controlled trials and the compassionate use program. These 
hematologic disorders usually occurred after 2-12 weeks of 
therapy and two patients died. These events usually occurred 
in seriously ill patients who were receiving concomitant drugs 
known to be associated with hematologic disorders (see 
WARNINGS). 

Pulmonary fibrosis, pneumonitis, alveolitis, pulmonary 
edema, and pneumonia, possibly drug related, have been 
reported in patients receiving TONOCARD. The incidence 
of pulmonary fibrosis was 0.03 percent in controlled trials 
and the compassionate use program. These events usually 
occurred in seriously ill patients. Symptoms of these pulmo- 
nary disorders and/or x-ray changes usually occurred follow- 
ing 3-18 weeks of therapy and two patients died (see 
PRECAUTIONS). 


HOW SUPPLIED: Tabiets containing 400 mg or 600 mg in 
bottles of 100 and unit-dose packages of 100. 


For more detailed information, consult your MSD Repre- 
sentative and the Prescribing Inf . Merck Sha 
hy Division of Merck & Co., Inc., West Point, PÀ 
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CME T est #25: Answer Sheet 


Value and Limitations of Exercise Radionuclide Angiography for Detec act 
Myocardial Ischemia in Healed Myocardial Infarction E 


Instructions: Mark the appropriate box with an “X.” 
Test Questions appear on page 130. 


FIT 


4 


ERE, 
Tv M 


Initial 


| Social Security # 


State/Zip Code 


ə sure you have checked the best answer for each question. To defray costs of processing, please enclose check for $10. 00 p. Jayi | 
: o the Division of Continuing Medical Education, and mail with the completed answer sheet to: Pr E 


Division of Continuing Medical Education 
Room 127 CHSB 
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A Symposium: Role of Nitrates in Congestive Heart Failure 


Introduction 5 


JAY N. COHN, MD a 


The nitrates have held a dominant place in the therapy 
of cardiovascular disorders for well over 100 years. De- 
spite this long experience, many aspects of the phar- 
macologic action of these drugs and their appropriate 
place in contemporary therapy remain controversial. 
In recent years the traditional use of the drugs to reverse 
or prevent myocardial ischemia has been supplemented 
by their application as vasodilator drugs to unload the 
heart and improve left ventricular performance in pa- 
tients with congestive heart failure (CHF). 

To explore the therapeutic usefulness of these vaso- 
dilator drugs in patients with CHF, it is necessary to 
consider the vascular sites of action of the nitrates. 
These agents exert relaxing effects on the vascular 
smooth muscle of the large conductance arteries, the 
small arteries and arterioles and the veins. The hemo- 
dynamic consequences of these actions include an in- 
crease in vascular compliance, a reduction in vascular 
resistance and an increase in venous capacitance. Fur- 
ther, the nitrates also apparently relax collateral vas- 
cular channels that may contribute to myocardial per- 
fusion in coronary artery disease. 

The present symposium issue explores aspects of the 
epidemiology and pathophysiology of CHF and presents 
data on the pharmacokinetics and clinical application 
of nitrates. 

Dr. Thomas Killip reviews current experience re- 
garding the presentation of patients with CHF and its 
possible etiology. He makes it clear that the syndrome 
has gone through considerable change in this country 
and that etiologic factors differ considerably depending 
in part on geography, economic status, race and level of 
medical care. Dr. William Parmley provides a compre- 
hensive analysis of the pathophysiology of CHF. An 
understanding of the complexities of muscle and pump 
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function and of the relation between the heart, the l 


coronary circulation and the peripheral vasculature is - 


critical to a rational pharmacologic approach to CHF. p 
Dr. Jonathan Abrams analyzes the current state of our — 


; 





knowledge regarding pharmacologic and pharmacoki- - 


netic factors in nitrate effect. He critically reviews data 


on the various forms of nitrate for therapeutic admin- - E 
istration. The final article places the hemodynamic and : 


clinical data relative to nitrate use in patients with c 
into perspective. 


The goal of this symposium issue is to provide the | E 
physician with the background necessary to make a  - 
rational judgment about the clinical application of ni- . 


trates in various formulations as supplementary therapi 
to assist in the management of the patient with CHF. 
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| Epidemiology of Congestive Heart Failure 


3 THOMAS KILLIP, MD 


The incidence of congestive heart failure (CHF) is 
influenced by a variety of factors, including avail- 
ability of medical care, socioeconomic status, ge- 
ography, nutrition and race. The etiology of CHF in 
China, England, Botswana and Sweden will be ex- 
amined and compared with prospective findings 


Be, 


Congestive heart failure (CHF) is a common clinical 
manifestation associated with many different forms of 
heart disease. It is encountered frequently by the 
practitioner on his daily rounds. Although the symp- 
toms may be of acute onset, in most cases CHF reflects 
longstanding albeit slowly progressive heart disease, 
which may have gone unrecognized by both patient and 
physician. Because heart disease is the leading cause of 
death in the Western world and the terminal event 
frequently occurs in the setting of chronic CHF, its 
importance in contributing to morbidity and mortality 
cannot be overemphasized. 

_ Definition: The frequent textbook definition!—that 
CHF occurs when the ventricle is unable to provide a 
cardiac output to meet the metabolic demands of the 
body—is not particularly useful to the clinician. In most 
patients, the clinician recognizes CHF by the manifes- 
ations of congestion, not by recognition of a low cardiac 
yutput. Indeed in certain circumstances, gradual re- 
luction of cardiac output over many months or years 
nay be surprisingly well tolerated by the patient with 
lowly progressive CHF. A more satisfactory clinical 
lefinition of CHF focuses on the phenomena of con- 
restion. Thus, for the purposes of this article, CHF is 
lefined as a clinical syndrome characterized by con- 
iestion of the pulmonary or systemic circulation owing 
o increase in pulmonary venous or systemic venous 
'ressure to the level of plasma protein oncotic pressure 
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from Boston and Detroit. Because the therapy used 
in the treatment of CHF varies with the underlying 
causes, which may be as diverse as rheumatic 
fever, systemic hypertension and viral infection, the 
importance of fully determining its pathogenesis is 
emphasized. (Am J Cardiol 1985;56:2A-6A) 


or above. Other noncardiac causes of congestion are 
usually readily distinguished by the clinician. The 
manifestations of CHF are largely due to changes in 
compliance in the venous circuit accompanied by trans- 
udation of fluid. Increased venous pressure may reflect 
disease of the atrium or obstruction of the atrioven- 
tricular valve, as in mitral stenosis, or alterations in 
ventricular filling pressure and ventricular stiffness as 
a direct expression of myocardial abnormality. 

In the past much attention has been devoted to a 
discussion of forward and backward ventricular failure. 
Severe forward failure manifests itself as cardiogenic 
shock. Lesser degrees of forward failure contribute to 
the perfusion deficiency during exercise, but this ab- 
normality is not as readily recognized by the clinician. 
In the discussion that follows the emphasis will be on 
the congestive aspects of heart failure. However, as 
shown by Starr,” the congestion of right-sided CHF 
depends on retention of sodium by the kidney, which 
occurs whether the right or the left ventricle is diseased. 
The stimulus for sodium retention has not been fully 
explained. Kither or both ventricles may fail. While the 
most common cause of right ventricular failure is left 
ventricular (LV) failure, the right ventricle may fail 
independently as in cor pulmonale. Right ventricular 
failure is much less common than LV failure and most 
of this article will focus on the latter. 

Evaluation of the patient: Recent emphasis on the 
problem-oriented approach to clinical record keeping 
has led some younger physicians to the erroneous as- 
sumption that recognition of the problem, in contrast 
to understanding causality, is sufficient for planning 
effective therapy. In a teaching hospital, one commonly 
encounters completed medical records in which the 
principal diagnosis is CHF with no statement of etiol- 
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ogy, mechanism or precipitating factors. A thoughtful 
analysis of the problem is lacking because appropriate 
management of CHF requires a full understanding of 
the pathogenesis of the heart disease. 


Clinical evaluation of the patient with CHF properly 


encompasses 4 factors: etiology or structural cause; 
fundamental mechanism inducing CHF; acute precip- 
itating factors; and functional capacity. Determination 
of the functional capacity at each patient encounter is 
exceedingly important in following the effectiveness of 
therapy, but this aspect will not be discussed further 
because most physicians are quite familiar with the 


classification of the New York Heart Association : 


(NYHA). 

Examples of the approach just outlined follow. A 
young woman is admitted to the hospital with acute 
pulmonary edema. She is anemic and has had recent 
onset of rapid atrial fibrillation. Following evaluation 
it is apparent that she has rheumatic heart disease and 
mitral stenosis with moderate valvular obstruction. 
During the past several months, she has had severe 
menorrhagia secondary to uterine fibroids. In this in- 
stance an appropriate classification would be acute 
pulmonary edema secondary to rheumatic heart disease 
with moderate mitral stenosis and severe pulmonary 
venous hypertension aggravated by anemia and recent 
onset of atrial fibrillation. 

A second example is a 72-year-old man admitted with 


progressive shortness of breath and weight gain. He has. 


had 2 myocardial infarctions in the past but had func- 
tioned well until the recent development of rather se- 
vere hypertension. In addition to the evidence.of heart 
failure, careful physical examination reveals elevated 
systolic and diastolic pressure, and a bruit in the left 
flank. A final evaluation indicates that the patient has 
CHF owing to coronary artery disease with abnormal 
ventricular function secondary to the scars of multiple 
old myocardial infarcts. The precipitating factor was the 
development of an atherosclerotic renal arterial occlu- 
sion with secondary severe hypertension. 

À third example is a 34-year-old man who enters with 
severe shortness of breath, abdominal swelling and 
peripheral edema 1 week after the marriage of a cousin. 
. He had been known to have an enlarged heart for at 
least 4 years but had been functioning reasonably well. 
No cause of the cardiomyopathy could be recognized. 
Át the recent wedding reception, he had drunk exces- 
sively of champagne and had gorged himself on caviar, 
herring and pretzels. Thus, this patient had CHF due 
to dilated cardiomyopathy of unknown cause, possibly 
viral, with a progressive reduction in myocardial con- 
tractility secondary to diffuse sarcomere microscopic 


damage and probable progressive loss of adrenergic 


receptors. 'T he precipitating factors were an acute salt 
and fluid overload. | 

Each of these patients was NYHA functional class IV 
on admission. Appropriate treatment led to consider- 
able improvement. In each case an adequate under- 
standing of the etiology, mechanism and precipating 
factors for the CHF was necessary for optimal short- 
and long-term therapy. 
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TABLE! Patient-Physician Contacts for Congestive Heart 


Fallure 
Desired Therapeutic Effect 
Improved myocardial function 44% 
Diuretic 33% 
Correct potassium i 7% 
Arrhythmia 2% 
Vasodilator , 1% 


Epidemiology 


The incidence of CHF is influenced by a variety of 
factors, including availability of medical care, socio- 
economic status and geography. Epidemiologic studies 
suggest an incidence of between 0.5 and 2 cases/1,000 
patient visits in the United States.* Other clinical esti- 
mates suggest a higher figure of 3.8 cases/1,000 patient. 
visits.? 

Data from the National Disease and Therapeutic 
Index provide important information on patient and 
physician contacts in the United States.9 A sample of 
office-based physicians are surveyed quarterly and the 


results extrapolated for the country as a whole. Of the 


1.252 billion physician-patient contacts in 1983, 72% 
were in the office and 18% in the hospital. Of the 10.935 
million physician-patient contacts for congestive heart 
failure in 1983, 49% were in hospital and 41% in office. 
The house call has not completely vanisbed: 296 or 
220,000 contacts were via this route. 

Of patients with CHF, 42% were seen by internists, 
31% by family practitioners and 14% by cardiologists. 
The desired therapeutic result was to improve myo- 
cardial function in 44%, to produce diuresis in 33% and 
to correct potassium imbalance in 7%. Control of ar- 
rhythmia or vasodilation was desired in 2 and 1% of 
contacts, respectively. Therapy received during physi- 
cian-patient contacts for CHF reflected these goals 
(Table I). Digitalis preparations were given in 67%, di- 
uretics in 59% and vasodilators, antihypertensives or an 
angiotensin converting enzyme inhibitor in less than 
10% of encounters. 

The etiology of CHF also varies according to geo- 
graphic location, socioeconomic status, economic 
standard of the region and race. Nutritional forms of 
heart disease are uncommon in the Western world, but 
are clearly a significant cause of CHF in developing 
countries.’ For example, in certain provinces of China, 
CHF due to selenium deficiency, termed Keshan disease 
and perhaps related to many millennia of farming, is a 
frequently recognized condition Myocardiopathy 
appears to be more common than other forms of heart 
disease in certain developing countries. It is said that 
myocardiopathy of unknown cause postulated to be 
secondary to viral infections is commonly encountered 
in the countryside, but is rare in the cities in China 
(personal communication from the cardiology faculty 
of Beijing Medical College). A high incidence of myo- 
cardiopathy was encountered by Edmunds in Bot- 
swana.? 

Rheumatic heart disease is a major health problem 
in developing countries but has become progressively 
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TABLE Heart Fallure in Botswana (131 Consecutive 
Cases) 


Percent. 


Rheumatic 45 
Myocardiopathy r 24 
Cangenital 9 
Hypertension 8 
Viral 5 
Perlcarditls 4 
Miscellaneous 5 


From reference 9. 


TABLE lll Epidemiology of Congestive Heart Fallure 
(CHF) in the Framingham Study (1949-1966) 


Hypertension most common precursor of CHF 
Hypertension preceded CHF In 7596 
CAD present In 59%; with hypertension In 29 96 


RHD present in 2196, with hypertension In 11% 


From reference 12. ` 
CAD = coronary artery disease; RHD = rheumatic heart disease. 


less common in the Western world (Table II). This ap- | 


pears to be due to 2 factors. Health statistics from En- 


gland document that the incidence of rheumatic fever: 


has been declining since at least 1890.1? More recent 
data suggest that the incidence and severity of rheu- 
matic fever after streptococcal sore throat have also 
declined remarkably.!! Although valvular heart disease 
is à common cause of CHF in this country, most newly 
recognized cases are probably not rheumatic. 

The Framingham study evaluated the incidence of 
CHF prospectively (Table III).1? Of 142 new cases of 


CHF detected between 1949 and 1966, hypertension was . 


the most common precursor, occurring in 7596 of the 
patients before the onset of CHF. Coronary artery dis- 
ease (CAD) was recognized in 39%, with accompanying 
systemic hypertension in 29%. Rheumatic heart disease 
preceded CHF in 21%; systemic hypertension was as- 
sociated in 11%. Furthermore, the observations dem- 
onstrated that CHF has a poor prognosis. The proba- 
bility of patients with new onset of CHF dying in 5 years 
was 62% for men and 42% for women. 

- The Framingham study has made an important 
contribution to our understanding of the epidemiology 
of CHF. However, the observations published in 1971 
are based on data accumulated between 1949 and 1966. 
These data may now be as old as 36 years. Although 
systemic hypertension is recognized as a frequent ac- 
companiment of CHF, it is far from clear that it is the 
precipitating factor in as high a percentage of cases as 
noted in the Framingham study. It 1s known that a sig- 
nificant increase in peripheral vascular resistance of 
reflex origin is a frequent accompaniment of progressive 
cardiac disability with CHF. What physician has not 
encountered the patient with acute pulmonary edema 
struggling desperately to breathe who has cool, pale, 
cold extremities and profuse diaphoresis suggesting a 
shock-like picture, only to find systemic hypertension, 
not hypotension, upon measurement of blood pressure? 
In the example cited, although peripheral perfusion is 
obviously sharply curtailed, reflex alterations in vas- 


TABLE iV 100 Consecutive Discharges of Congestive 
Heart Fallure from Henry Ford Hospital (1983) 


Percent 

Hypertenslon 31 
Coronary artery disease 28 
Diabetes mellitus 25 
Vaivular heart disease  : 16 

Rheumatic—6 of 16 cases 
Renal fallure 10 
Cardiomyopathy 6 

Alcohol abuse-—4 of 6 cases oe 
Unknown cause 19 





TABLE V 100 Consecutive Discharges of Congestive 
Heart Fallure from Henry Ford Hospital (1983) 


No. Percent 
Coronary artery disease 26 100 
With hypertension 9 35 . 
With diabetes mellitus 6 23 
With both 4 15 


cular resistance result in striking elevations of arterial 
pressure. In many instances of CHF it is difficult to 
determine whether the elevated blood pressure is sec- 
ondary to myocardial failure or causal, or both. 

Recently, 100 consecutive patients discharged from 
Henry Ford Hospital with a diagnosis of CHF were re- 
viewed (Tables IV and V; Killip T., unpublished ob- 
servations). Systemic hypertension was found in 31%, 
CAD in 26% and valvular heart disease in 16%. Only 6 
of the 16 patients with valvular heart disease, however, 
were deemed rheumatic. Thus, systemic hypertension 
was common but was not found in most patients. Dia- 
betes mellitus occurred in 25%. Of the patients with 
CAD, 35% had associated systemic hypertension, 23% 
had associated diabetes mellitus and 15% had both. It 
is clear that diabetes mellitus is an important contrib- 
uting factor in the pathogenesis of myocardial disease 
leading to CHF. This problem is likely to increase as our 
population ages. 

Renal failure was recognized as the primary cause of 
CHF in 10% of cases. This incidence may reflect the fact 
that this institution has a renal center with a large 
transplant program. Dilated cardiomyopathy was 
identified in 6 patients with a discharge diagnosis of 
CHF, ascribed to alcohol abuse in 4 and of unknown 
cause in 2. No cause was recognized for the CHF in 19 
patients at discharge. 

Dilated cardiomyopathy is an uncommon cause of 
CHF. In a 1978 study from Malmo, Sweden, Torp!? 
reviewed all cases of suspected myocardial disease over 
an 8-year period (Tables VI and VII). One hundred and 
seventy-four severely symptomatic patients were in- 
vestigated further and in 59 patients, dilated cardio- 
myopathy was recognized as the cause. During the same 
period, dilated cardiomyopathy was found at autopsy 
in an additional 35 cases. 'l'orp's study is of considerable ` 
interest because the population in Malmo is stable at 
approximately 250,000 and medical care is provided in 
asmall number of institutions. 'T'orp calculated the in- 
cidence of cardiomyopathy as 3 new clinical cases/1,000 
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Congestive Cardiomyopathy (CCM) In Malmo 


TABLE VI 
(8 Years) 
Population 250,000 


500 cases of suspected myocardial disease 
174 severe cases 

59 cases of CCM plus 35 autopsies 

115 other causes 

94 cases of vertfled CCM 


From reference 13. 
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population/year, while the frequency was approximately 
5 cases/100,000/year. Thus, although dilated cardio- 
myopathy i is an important clinical challenge for accurate 
diagnosis and effective treatment, it represents a small 
fraction of patients presenting with CHF. 

. It has been recognized in recent years that CAD may 
give rise to cardiomyopathy in the absence of recurrent 
ischemic symptoms or evidence of old myocardial in- 
farction. The cardiomyopathic syndrome caused by 
CAD is usually associated with recurrent ischemia, 
ventricular septal rupture or ventricular aneurysm and 
thus 'is readily recognized clinically. In a prospective 
study at Massachusetts General Hospital, Boucher et 
al!4 investigated a group of patients with CAD cardio- 
myopathy to determine why the condition may go un- 
detected clinically. The medical records of all patients 
with CHF were reviewed and a clinical cause assigned. 

Nine Ly consecutive autopsies were performed in pa- 
tients with CHF. In 15 the cause was not clinically ap- 
parent. Valvular heart disease was the most common 
cause confirmed at autopsy, occurring in 4596, although 
one-third had associated CAD. Clinically recognized 
CAD occurred in 20 cases. The cause of CHF was 
unexplained in 15 patients. Autopsy revealed CAD in 
7, cardiomyopathy in 5 and valvular heart disease in 3. 

Of the patients with unexplained CHF, 6 had diabetes 
mellitus; 5 of the diabetics also had CAD. The patients 
with CAD cardiomyopathy unrecognized clinically had 
multiple subendocardial myocardial infarctions. Only 
1 patient had a transmural infarction, and that was 
posterior. The investigators concluded that patients 
with CAD cardiomyopathy that is difficult to recognize 
clinically often have diabetes mellitus and lack recur- 
rent episodes of myocardial ischemia, but suffer from 
multiple nontransmural myocardial infarcts.!4 


Treatment 


The principles of treatment for CHF are well known 
to all clinicians. Three therapeutic approaches, singly 
or combined, are currently utilized: digitalis, diuretics 
and vasodilators./ Although clinical experience strongly 
suggests that in many instances aggressive treatment 
improves prognosis, careful detailed studies confirming 
this impression are few. The recent development of 
vasodilator therapy to reduce ventricular filling pres- 
sure, aortic impedance and ventricular work has led to 
a vigorous reexamination of the effect of treatment on 
outcome in CHF.16-17 The effectiveness of digitalis re- 
mains controversial. The inotropic effects of digitalis 
are modest and appear to be most effective when end- 
diastolic volume is increased.!? The important addi- 
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Congestive Cardiomyopathy (CCM) In Malmo 
250,000 
59 


TABLE Vil 


Population 
Cases CCM In 8 years 
Clinical! Incidence 
Autopsy 
Frequency 


From reference 13. 


3 cases/10°/year 
35 cases CCM 
5 cases CCM/10°/year 


tional effects of the drug to reduce the incidence of su- 
praventricular arrhythmia and slow the ventricular rate 
in atrial fibrillation are also useful. It is important to 
recognize that the British have taught that digitalis is 
effective primarily in the presence of atrial fibrillation. 
The effects on renal blood flow may also be modestly 
beneficial. Withering!? believed that the therapeu- 
tic effect of foxglove was secondary to its diuretic 
properties. 

Although there has been great interest in the devel- 
opment of new inotropic agents, none is yet available 
for other than experimental use. The noncatecholamine, 
nonglycoside inotropic drugs amrinone and milrinone 
have attracted considerable attention. Most extensive 
clinical experience has been with amrinone, which 
produces significant hemodynamic benefits and im- 
proves exercise tolerance in many patients with severe 
CHEF.” Maintenance doses are highly variable, and 
there is a high incidence of adverse effects, including a 
potentially troublesome decrease in platelets. A recent 
report?! suggests that long-term administration of the 
drug may also be associated with progressive decline in 
ventricular function. 

Diuretics remain the mainstay of effective therapy 
of CHF. Many patients may be treated satisfactorily 
with a diuretic alone. Rader et al^? demonstrated that 
digitalis did not further improve cardiac function in a 
cohort of patients treated adequately with diuretics for 
CHF. Because diuresis lowers ventricular filling pres- 
sure, reduces congestion and improves ventricular 
function, it is not surprising that digitalis may not add 
to the clinical effect in selected patients. 

The most significant improvement in the manage- 
ment of patients with CHF in decades has been the 
recognition that the decrease in venous and arterial 
tone, ventricular filling pressure, aortic impedance and 
cardiac work with appropriate use of vasodilator ther- 
apy improves cardiac function and exercise toler- 
ance.19172574 Current debate has focused on the optimal 
choice of therapeutic agents, and whether or not vaso- 
dilator therapy improves long-term prognosis.” 

Studies have been carried out using isosorbide dini- 
trate, hydralazine, minoxidil, prazosin and captopril.” 
Double-blind placebo-controlled studies with isosorbide 
dinitrate?977 and with captopril, an orally administered 
inhibitor of angiotensin converting enzyme, have 
demonstrated clinical and hemodynamic benefits.?9.29 
Exercise tolerance may be improved by effective vaso- 
dilator therapy and the degree of improvement may not 
necessarily be predicted from the initial hemodynamic 
response to the drug. 

Congestive heart failure is a common clinical prob- 
lem. It is often the first manifestation of longstanding 
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heart disease and adversely affects prognosis. Systemic 
hypertension, CAD and valvular heart disease are the 
most common causes of CHF currently encountered. 
Diabetes mellitus is a frequently associated condition, 
especially in patients with systemic hypertension or 
CAD. Systemic hypertension is probably less frequently 
a cause of CHF than a coexisting or precipitating factor. 
Clinically unrecognized cardiomyopathy secondary to 
CAD is characterized by absence of ischemia, a high 
incidence of diabetes mellitus and multiple non- 
transmural myocardial infarcts. During the past decade, 
vasodilator therapy has been added to the 2 mainstays 
of treatment: digitalis and diuretics. Although the 
availability of safe and highly effective newer inotropic 
drugs is awaited with interest, none is yet available for 
widespread clinical use. Vasodilator therapy improves 
resting hemodynamics and exercise tolerance. A wide 
variety of agents has been evaluated for use as vasodi- 
lators. Nitrates, hydralazine and captopril have gained 
the widest acceptance and the greatest experience and 
are clearly effective. The identification of responders 
or nonresponders to a particular drug or combinations 
of drugs and well-designed studies to test the effects of 
vasodilator therapy on long-term prognosis will be im- 
portant future advances. 
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Pathophysiology of Congestive Heart Failure 


- M — 


Congestive heart failure is a syndrome that can be 


caused by a variety of abnormalities, Including | 


pressure and volume overload, loss of muscle, prl- 
mary muscle disease or excessive peripheral de- 
mands such as high output failure. In the usual form 
of heart fallure, the heart muscle has reduced con- 
tractility. This produces a reduction In cardiac out- 
put, which then becomes Inadequate to meet the 
peripheral demands of the body. The 4 primary de- 
terminants of left ventricular (LV) performance are 
generally altered as follows: (1) There is an Intrinsic 
decrease in muscle contractility. (2) Preload or left 
atrial filling pressure Is increased, resulting In pul- 
monary congestion and dyspnea. (3) -Although 
systemic blood pressure Is often reduced, there is 
an increase In systemic vascular resistance (af- 
terload), which can further reduce cardlac output. 
(4) Heart rate is generally increased as part of a 
compensatory mechanism associated with an in- 
crease in sympathetic tone and circulating cate- 


. Congestive heart failure (CHF)! is a common clinical 


syndrome that is due to different causes and manifests 
itself in different ways. A useful working definition of 
CHF is the inability of the heart to deliver sufficient 
blood to the peripheral tissues to meet their metabolic 
demands. Four clinical syndromes of CHF can be rec- 
a The first, owing to failure of the left ventricle 

às a pump, is manifested by a low cardiac output and 

ulmonary venous congestion. The second syndrome, 
x onary venous congestion, can exist without the 
presence of left-sided heart failure, as, for example, in 
mitral stenosis. In the third syndrome, failure of the 
right | ventricle as a pump is associated with a low cardiac 
output t and an elevation of right atrial pressure. Eleva- 
tion of systemic venous pressure can also occur in the 
absence of right-sided heart failure (the fourth syn- 
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cholamines. In patients with coronary disease, there 
Is often an Imbalance between myocardial oxygen 
supply and demand. An increase In heart size may 
be particularly deleterious by Increasing wall tension 
because of the Laplace relation and Increasing 
myocardial oxygen consumption. 

" Intrinsic compensatory mechanisms include an 
increase in catecholamines, which Increase con- 
tractillty and heart rate In an attempt to malntain 
cardlac output; cardiac muscle hypertrophy, which 
helps maintain cardlac function; a rise in LV filling 
pressure, which can optimize performance ac- 
cording to the Frank-Starling mechanism; and an 
Increase In peripheral arterial-venous oxygen ex- 
traction so as to maximize the oxygen delivered for 
a given cardiac output. Although these compensa- 
tory mechanisms are initlally helpful, many of them 


. may actually be excessive, such as an Increase In 
‘catecholamines and systemic vascular resistance. 


(Am J Cardiol 1985;56:7A-11A) 


drome) as manifested, for example, by pericardial 
restriction. 

In this article the primary focus will be failure of the 
left ventricle as a pump because this is the most com- 
mon heart failure syndrome. There are 3 major factors 
that contribute to failure of the left ventricle as a pump. 
The first is loss of muscle, as, for example, in patients 
with coronary artery disease (CAD) and myocardial 
infarction. Similarly, ischemic dysfunction of the left 
ventricle can contribute to left-sided heart failure. 
Second, primary muscle involvement as with cardio- 


. myopathy is also a relatively common cause of heart 


failure. The muscle involvement may be due to infec- 
tious agents, exposure to toxins, metabolic factors or 
unknown causes. Cardiomyopathies may be further 
divided on the basis of whether they present as dilated, 
hypertrophic or restrictive cardiomyopathies. The third 
major category of causes that contribute to left-sided 
heart failure includes mechanical problems such as sys- 
temic hypertension, valvular stenosis and regurgitation 
or various forms of congenital heart disease. In general, 
these impose volume or pressure overload on the ven- 
tricles, which leads over time to a decrease in intrinsic 
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contractility of the heart muscle, finally leading to 
CHF 


A number of other contributory factors may exacer- 
bate CHF. Chief among these are interventions that 
increase the need for cardiac output, such as fever, hot 


weather, anemia, atrioventricular fistula and hyper- 


thyroidism. Associated cardiovascular factors, such as 
pulmonary embolism or infection, arrhythmias and salt 
and water retention, may also aggravate CHF in an 
appropriate setting. In general, therefore, it is critical 
for the physician to define (1) the specific syndrome of 
CHF, (2) the etiology of CHF and (3) the precipitating 
or aggravating causes that might be corrected. 

To better understand the pathophysiologic factors 
that contribute to CHF, it is first necessary to discuss 


some general aspects of overall cardiovascular func-. 


tion.” Figure 1 represents a simplified conceptual di- 
agram of the cardiovascular system. There are 4 primary 
factors affecting left ventricular (LV) performance. The 
first is preload, which can be thought of as the filling 


pressure of the left ventricle. The second factor, after-. 


load, represents the load against which the heart must 
work, as generally represented by systemic arterial 
pressure and systemic vascular resistance. ` 


Although arterial pressure and peripheral vascular | 


resistance are reasonable indexes of afterload, perhaps 
the most direct afterload determinant of LV perfor- 
mance is wall stress during systolic contraction. In this 
regard it should be pointed out that both preload and 
afterload contribute to an increase in wall stress. This 
occurs because of the Laplace relation: 


LV pressure X radius | 
2 X wall thickness 


With an increase in arterial pressure, there is an increase 
in wall stress. Similarly, with an increase in heart size, 
there is also an increase in wall stress or afterload. In a 
strict sense, therefore, both arteriolar and venous dila- 
tors can reduce wall stress, and thus, can reduce the 
“afterload” faced by cardiac muscle. | 

.. Third, the contractility.of the heart represents the 
intrinsic ability of the muscle to develop force and to 


wall stress = 


Factors Affecting Extraceiular 
Fluid and Biood Votume . 
Angiotenaln li 








intake of 
Sait & HO 


Capacitance 


{80% blood volume) 


FIGURE 1. Schematic representation of the circulatory system. See 


text for detalls. Reproduced with permission from W. B. Saunders.? 


shorten. Contractility can be modified by positive or 
negative inotropic agents. The fourth factor, heart rate, 
is modified by the relative balance of sympathetic and 
parasympathetic tone. For example, in a well-trained 
athlete with a slow heart rate, there is a predominance 
of parasympathetic tone to maintain the low heart rate 
at rest. During exercise, there is initially a withdrawal 
of parasympathetic tone to increase heart rate, followed 
by increasing sympathetic tone at higher levels of 


exercise. 


In general, the cardiac output is determined by the 
peripheral needs of the body. During exercise, for ex- 
ample, vasodilation increases flow to skeletal muscle, 
which then increases the venous return and cardiac 


. output. In addition, the pumping action of the skeletal 


muscles during exercise helps to maintain venous return 
and an appropriate cardiac output. 

As represented in Figure 1, the arteries represent the 
conduit system for delivery. of blood to the body. Blood. 
pressure remains relatively constant up to the level of 
the terminal arteries and arterioles, where there is an 
approximate 80% drop in pressure. Arteriolar resistance, 
therefore, is the site of systemic vascular resistance and 
is under intrinsic, neural and hormonal influence. The 
relative distribution of cardiac output at rest to the 
various organs is shown in Figure 1. Note the relatively 
large proportion of cardiac output that goes to the 
kidneys. The cerebral and coronary circulations have 
powerful autoregulatory capabilities, so that if blood 
pressure is reasonably maintained, they usually receive 
blood flow appropriate to their needs. The venous sys- 


- tem serves as the capacitance system of the circulation, | 


in that 75 to 80% of the blood volume is present in veins 
at any 1 time. 

The central nervous system is an important regula- 
tory organ. For example, the autonomic nerves have a 
major effect on the heart, arterioles and veins. Several 
regulatory systems help to maintain blood pressure. The 
carotid and aortic baroreceptors are particularly ef- 
fective. Pressure sensitive nerve endings in the wall of 


these receptors alter their discharge rate according to 


the pressure that is applied. At high pressures, the dis- 
charge rate is increased. These impulses pass through 
the central cardiovascular regulatory centers, which 
then alter the relative magnitude of parasympathetic 
and sympathetic tone. Sympathetic tone via the auto- 
nomic nervous system regulates peripheral vascular 
resistance by producing arteriolar constriction or 
vasodilation. The sympathetic nervous system may also 
affect cardiac contractility, heart rate and venous 


` compliance. / 


Figure 1, right, shows some of the factors responsible 
for regulating extracellular fluid and blood volume. 
Excretion of salt and water by the kidney tends to bal- 
ance intake of salt and water to maintain a relatively 
constant fluid volume. Argininé vasopressin secretion, 
caused by a decrease in plasma volume, also helps to 
decrease water loss. Part of the reason for retention of - 
fluid in patients with CHF may be an elevation in 
plasma arginine vasopressin levels. Decreased arterial 
pressure, decreased sodium or increased sympathetic 
tone releases renin from the juxtaglomerular apparatus, 
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which promotes the formation of angiotensin II from 
angiotensin I. Angiotensin II is a potent vasoconstrictor 
that facilitates sympathetic outflow and feeds back on 
the adrenal glands to release aldosterone, which then 
retains salt and water. With normal renal and cardio- 
vascular function, these compensatory mechanisms 
provide for a relatively constant arterial pressure, and 
salt &nd water balance, despite considerable changes in 
cardiac output. 

One of the best quantitative ways of describing LV 
function i is the so-called LV function curve as shown in 
Figure 2.3 Some measure of LV performance, such as 
stroke work or stroke volume, is plotted as a function 
of the preload of the left ventricle. The preload is gen- 
erally represented by left atrial pressure, which can be 
measured indirectly as pulmonary capillary wedge 
pressure with a balloon-tipped catheter in the pulmo- 
nary artery. There is an ascending limb of function as 
pulmonary capillary wedge pressure rises to 15 mm Hg. 
Between 15 and 20 mm Hg, there is generally a plateau 
of function in patients with cardiac disease, with a slight 
descending limb beyond a wedge pressure of about 25 
mm Hg. Normally, the left ventricle functions at filling 
pressure of <12 mm Hg. With the onset of CHF, how- 
ever, the pressure often rises to beyond the optimal 
range. 

A number of pathophysiologic alterations occur 
during the development of CHF.* Severe hypertrophy 
and an eventual decrease in intrinsic contractility of the 


-heart muscle occur with prolonged pressure or volume 


overload, leading to irreversible changes in function, 
‘including a reduction in actomyosin ATPase, a decrease 
in catecholamine stores and an increase in collagen 
content. This decrease in intrinsic contractility sets the 
stage for the use of positive inotropic agents, which can 
improve the contractility of depressed cardiac muscle 
and potentially improve cardiac performance. 

There is generally an increase in preload with the 
onset of CHF, due to the retention of salt and water and 
an increase in circulating blood volume. With an in- 
crease in left atrial pressure between 15 and 20 mm Hg, 
there;is a compensatory increase in cardiac output. 
When preload reaches the range of 20 to 35 mm Hg, 
however, pulmonary venous congestion with extrava- 
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FIGURE 2. Representative left ventricular function curve. See text for 
detalis. Reproduced with permission from Prog Cardiovasc Dis.’ 


sation of fluid into the extracellular space begins, 
leading to dyspnea and eventually pulmonary edema. 
In general, therefore, it is important to reduce an ele- 
vated filling pressure to relieve the symptoms of dys- 
pnea. This is done commonly with the use of diuretics 
and venodilator drugs. 

Although there is frequently a reduction in arterial 
pressure in patients with severe heart failure, this is 
often accompanied by a marked increase in peripheral 
vascular resistance, which can produce excessive “af- 
terload” for the left ventricle. This potential vicious 
cycle of chronic CHF is illustrated in Figure 3.° With the 
decrease in cardiac output, there is an increase in sys- 
temic vascular resistance, primarily due to an increase 


- in circulating catecholamines and an increase in sym- 


pathetic tone at the arteriolar level. Àn increase in an- 
giotensin II levels may also contribute to the increase 
in systemic vascular resistance, and certainly increases 
the retention of salt and water due to increased aldo- 
sterone levels. This increase in systemic vascular re- 
sistance further increases the resistance to ejection of 
blood, which leads to a further decrease in cardiac out- 
put. Patients tend to spiral down the vicious cycle until 
the cardiac output is lower and systemic resistance is 
higher than is optimal for the individual patient. This 
increase In systemic vascular resistance, therefore, sets 
the stage for the potential use of vasodilator drugs, 
which can decrease resistance and increase forward 
cardiac output. 

The significant increase in sympathetic tone and 
circulating catecholamines also produces venocon- 
striction. Initially, this mechanism might be thought of 
as compensatory by attempting to maintain cardiac 
output through increasing venous return. Venocon- . 
striction, however, shifts some of the blood volume from 
the peripheral veins to the central circulation and con- 
tributes to an elevation of right and left atrial pressures. 
This change sets the stage for the use of venodilators in 
patients with CHF, which can increase the capacitance 
of the peripheral veins and redistribute blood. 'T'his will 
lead to greater blood volüme in the peripheral veins, less 
in the central chest and a reduction in left and right 
atrial pressures. 

Àn increase in heart rate frequently accompanies the 
process of CHF and is an extremely important com- 
pensatory mechanism. Cardiac output is the product 
of heart rate and stroke volume. As the ventricular 


i CARDIAC OUTPUT 


4 SYSTEMIC VASCULAR 
RESISTANCE 


$ RESISTANCE 
TO EJECTION 


IS THE SYSTEMIC VASCULAR RESISTANCE 
HIGHER THAN NECESSARY FOR OPTIMAL 
CARDIOVASCULAR FUNCTION? 


FIGURE 3. Viclous cycle of chronic congestive heart fallure. See text 


~ for details. Reproduced with permission from Prog Cardiovasc Dis.5 
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function curve shifts down to the right, and the patient 
moves onto the plateau of a depressed ventricular 
function curve, stroke volume becomes relatively fixed. 
Therefore, any increase in cardiac output must be 
produced by an increase in heart rate. In fact, marked 
sinus tachycardia is often a sign of extremely severe 
heart failure, in that it implies an extremely low fixed 
Stroke volume with an inability to increase cardiac 
output by any mechanism other than heart rate. 

In patients with CAD, one of the most important 
factors in determining cardiovascular performance is 
not only the decrease in muscle mass owing to previous 
. myocardial infarction, but the presence of myocardial 
ischemia. Ischemia is best thought of as an imbalance 
between myocardial oxygen supply and demand.® 
: Myocardial oxygen demand is determined by 4 primary 
factors. 'l'hese are heart rate, systemic arterial pressure, 


‘cardiac contractility and heart size. As previously dis- . 


cussed, arterial pressure and heart size go together to 
determine wall tension by the Laplace relation. In the 
presence of myocardial ischemia, it is very beneficial to 
. reduce any or all of these determinants of myocardial 
. oxygen demand in order to be in balance with a given 
supply of oxygen. | 

Coronary blood flow is petalis autoregulated in 
accordance with the needs of the heart. In the presence 
. of CAD; however, there is often an insufficient flow to 
maintain oxygen supply appropriate to oxygen demand. 
The heart nearly maximally extracts oxygen from the 


blood flowing through it, so that coronary blood flow 


and oxygen supply tend to be synonymous. Other im- 
portant determinants of coronary flow include the di- 
. astolic arterial perfusing pressure and the LV diastolic 
pressure, which acts as a back pressure for subendo- 
cardial perfusion. In addition, any degree of coronary 
spasm or increased tone on top of a major stenosis can 
further reduce coronary flow. In patients with CHF and 
associated ischemia, it is generally useful to reduce the 
determinants of myocardial oxygen consumption, 
maintain an appropriate myocardial perfusing pressure 
and relieve any tendency for increased tone ór spasm. 

In CHF, a number of important compensatory 
mechanisms come into play. With the decrease in in- 
trinsic contractility of the myocardium, there is an in- 
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FIGURE 4. Schematic alterations of force-velocity changes in the | 
présence of left ventricular fallure. See text for details. Reproduced - 
with permission from Prog Cardlovasc Dis.” 


crease in sympathetic tone and circulating catechol- 
amines, which can at least partially increase 
contractility of the depressed myocardium. An increase 
in heart rate is one of the most important compensatory 
mechanisms because it tends to maintain cardiac output 
in the face of a decrease in stroke volume. The increase 
in heart rate is produced primarily by an increase in 
sympathetic tone and circulating catecholamines. An 
increase in preload to an optimal filling pressure is also 
a compensatory mechanism caused by the retention of 
salt and water. Venoconstriction will also enhance the 
blood volume in the chest. As this overshoots, however, 
it leads to pulmonary congestion and dyspnea on the left 
side of the heart, and on the right, an elevated central | 
venous pressure and peripheral edema. Another im- 
portant compensatory mechanism is the ability of pe- 
ripheral tissue to extract more oxygen from the blood 


passing through it. This increase in arterial venous 


oxygen difference in the periphery provides more oxy- 
gen to peripheral tissue in the face of a decrease in car- 
diac output. 

' One of the important relations between loading fac- ` 
tors is the concept of a mismatch between an increased 
afterload without a sufficient preload reserve to main- 
tain cardiac function.” This principle is illustrated in 
Figure 4. The normal relation between velocity of 
shortening (VcF) and the afterload is shown by the 
dashed (---) lines in Figure 4, left. With a mild de- 
pression of- contractility, there is a slight reduction in 
maximum VcF. By increasing preload, however, one can 
shift the curves to the right and maintain VcF at higher 
afterloads. Thus, if one is at point B on the middle 
curve, with an increase in afterload, the heart can in- 
crease its preload and move to points C and D with a 
relative maintenance of VcF because of the preload 
reserve. In Figure 4, right, with severe CHF, there is a 
marked reduction in velocity of shortening; and the 
patient at point B is already at the maximum preload 
point. With.an increase in load at the same preload, 
there is striking reduction in function to point C. This 
can be reversed by decreasing afterload (point D). À 
decrease in both preload and afterload moves the pa- 
tient to point E with a depression of function. This 
framework points out the importance of preload reserve 
in maintaining function when afterload is increased. It 
also points out how reduction of afterload can increase 
performance in the presence of severe CHF. 

One clinical circumstance in which an increased af- 
terload is of considerable importance is the patient with 
mitral regurgitation.? In this setting, the left ventricle 
is pumping blood back into the left atrium, in addition 
to pumping blood forward into the aorta. It has been 
shown that arteriolar vasodilators that reduce systemic 
vascular resistance can enhance forward flow and reduce 
regurgitant fraction. Similarly, venodilators that reduce 
left heart size and apparently improve the overall 
competency of the mitral valve apparatus can also re- 
duce regurgitant fraction. Of all the drugs available to 
treat patients with mitral regurgitation, the evidence 
supports the thesis that the medical therapy of choice 
is vasodilator therapy. It produces the most beneficial 
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hemodynamic effects, and may be lifesaving in patients. 


with acute, severe mitral regurgitation. Conversely, 
vasoconstrictor drugs may worsen mitral regurgitation 
by increasing the regurgitant fraction and decreasing 
forward catdiac output. Therefore, drugs that have 
peripheral vasoconstrictor effects are relatively con- 
traindicated and should be used with great caution in 
patients with mitral regurgitation. 

These general considerations regarding the patho- 
physiology of CHF point out that alterations in preload, 
afterload, contractile state and heart rate provide the 
basis for most of the therapeutic interventions that we 
use. To counteract the marked decrease in intrinsic 
contractility that occurs in heart failure, such drugs as 
digitalis or catecholamines can improve contractile state 
and improve cardiovascular performance. The increased 
preload that exists in CHF can be lowered with diuretics 
and vasodilator drugs to bring the filling pressure down 
to a more optimal level. The excess increase in systemic 
vascular resistance can be reduced by arteriolar vaso- 
dilators, which result in an increase in forward cardiac 
output. Although we do not gerierally manipulate heart 
rate in patients with CHF, in patients with tachycardias, 
such as atrial fibrillation or atrial flutter, great benefit 
can be achieved by reducing the ventricular response. 
The same is true of patients with ventricular arrhyth- 
mias, in whom a reduction of the tachyarrhythmia will 
benefit ventricular function. In patients with an ex- 
tremely low heart rate, an increase in rate with drugs or 
cardiac pacing can also produce a marked improvement 
in cardiovascular function. In patients with a marked 
sinus tachycardia caused by an intrinsically low stroke 
volume, it is generally unwise to reduce heart rate as 
with 8 blockers. If patients are at an optimal level of 
filling pressure, the increase in heart rate appears to be 
an important compensatory mechanism for maintaining 
function. There is at least 1 study, however, which 
suggests that this increase in heart rate can be coun- 
terproductive, perhaps by markedly increasing oxygen 
consumption. In a series of patients with dilated car- 
diomyopathy, the 8 blocker metoprolol was helpful in 
improving the signs and symptoms of CHF, at least 
partially supporting the hypothesis that.an excessive 
heart rate, and the increase in oxygen consumption it 
produces, may be deleterious in this form of CHF. 
Further studies are required, however, to verify this 
hypothesis, because the administration of 8 blockers 
E ou cardiac output and certainly can worsen 


The increased activity of the renin angiotensin system 
that occurs in CHF also sets the stage for another 
therapeutic intervention, namely the inhibition of an- 
giotensin converting enzyme, which prevents the for- 
mation of angiotensin II? Its beneficial effects include 
an increase in cardiac output, a reduction in LV filling 
pressure and an overall improvement in cardiac signs 
and symptoms. The major drawback to such therapy is 
that converting enzyme inhibitors tend to decrease ar- 
terial pressure. An excessive decrease in arterial pres- 
sure may impair coronary perfusion or perfusion of 
other peripheral beds such as the central nervous sys- 
tem, resulting in either coronary or cerebral ischemia. 
Hypotension with episodes of fainting or coronary in- 
sufficiency are potential problems with these and other 
drugs that lower arterial pressure too far. Similarly, 
potentially adverse effects on renal function can occur 
if blood pressure is reduced excessively. 

In summary, we now understand in much greater 
detail the pathophysiologic changes that accompany the 
process of CHF. It appears that many of these changes 
are compensatory, although in some cases the com- 
pensatory influence may become excessive, as with an 
increase in peripheral vascular resistance. Most of our 
therapeutic interventions, therefore, are designed to 
counter the pathophysiologic changes that have oc- 
curred. Alteratioris of preload, afterload, contractile 
state and heart rate form an important framework by 
whith to consider the management of patients with 
CHF by giving therapeutic agents designed to counter 
the adverse changes that have occurred in each of these 
important variables. 
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Pharmacology of Nitroglycerin and Long-Acting Nitrates 


JONATHAN ABRAMS, MD 


Organic nitrates are available in a remarkably dl- 
verse variety of formulations, Including sublingual, 
buccal and oral tablets, capsules, topical creams, 
ointments, patches, tapes, inhalable sprays and 
Intravenous solutions. Although not all of these for- 
mulations are available in the United States, the 
array of drugs and dosages approved for use is ex- 
tensive. It is only by welghing the pharmacologic 
properties of these agents against the patient’s 
clinical status and needs that a concise and ap- 
propriate treatment regimen may be derived. 
Numerous récent studies have confirmed the 
protracted efflcacy of the organic nitrates In the 
treatment of patients with angina pectoris and 
congestive heart failure (CHF) as evidenced by 


Nitroglycerin has been a mainstay of antianginal ther- 
apy since its introduction by William Murrell over 100 
years ago. Initially used in a 1% solution in alcohol and 
dropped onto the tongue, nitroglycerin (NTG) and 
other organic nitrate esters are now available in a wide 
variety of delivery systems. Nitrates are the sole agents 
used for treatment of acute attacks of angina pectoris, 
and along with B-adrenergic blocking agents and the 
calcium-channel blockers, are a mainstay in the medical 
treatment of patients with stable and unstable angina 
pectoris. Nitrates have an important role as vasodilators 
in *unloading" therapy of congestive heart failure 
(CHF), especially in patients whose clinical picture is 
dominated by signs and symptoms of a substantially 
elevated left ventricular (LV) filling pressure.^? Ni- 
troglycerin in sublingual, intravenous or topical for- 
mulations is increasingly being used for treatment of the 
complications of acute myocardial infarction, and in- 
travenous NTG is now widely used as a safe and effec- 
tive drug for the rapid control of systemic hypertension, 
particularly during surgery. . 

This review will focus on the clinical pharmacology 
of N'TG and the organic nitrates, and will include a brief 
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Improvements in cardiac hemodynamics and de- 
sired clinical parameters. It is appropriate that the 
patlent's dosage of nitrates be'administered with a 
formulation most likely to be both clinically effective 
and well tolerated. 
The use of nitroglycerin and isosorbide dinitrate 
In the acute and chronic treatment of CHF will be 
discussed in the context of thelr unlque pharmaco- 
logic and pharmacokinetic properties. A rationale 
for the most efficacious use of these agents will be 
presented. Tolerance phenomena and adverse ef- 
fects (I.e., headache) will also be discussed from 
the perspective of their significance In chronic nl- 
trate therapy. 
(Am J Cardiol 1985:56:12A~18A) 


discussion of the available nitrate delivery formulations 
that are currently available to the clinician. 


Basic Mechanism of Nitrate Action 


Nitroglycerin and the organic nitrate esters have 1 
primary physiologic effect: they are potent dilators of 
smooth muscle in the walls of veins and arteries. Ni- 
trates are classified as “direct” vasodilators; they pro- 
duce their effects by relaxing vascular smooth muscle 
directly, not through neuroendocrine interactions. It is 
still not precisely clear how NTG induces vasodilation. 
Needleman and Johnson have suggested that there are 
nitrate receptors on vascular smooth muscle cells that 
interact with organic nitrates to produce vasodilation. 
They postulated that in the presence of nitrates a sulf- 
hydryl group on the receptor undergoes oxidation, ini- 
tiating the process of vascular relaxation.*? A recent 
study® demonstrated that NTG vasodilation can be 
enhanced by prior administration of N-acetylcysteine, 
an agent that increases the availability of sulfhydryl 
groups. Other studies suggest that this process may be 
more complex. The nitrate enters the smooth muscle 
cell and is converted into a nitrosothiol, which then 
activates intracellular guanylate cyclase and causes an 
increase in cyclic guanosine monophosphate.^? Tt is 
postulatéd that the increased levels of intracellular 
cyclic guanosine monophosphate are responsible for 
smooth muscle relaxation." 7,8 
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It has also been suggested that NTG and other ni- 
trates may act through the prostaglandin system.?-!! 
In both in vivo and in vitro experiments NTG has been 
shown to induce prostacyclin synthesis.919 Throm- 
boxane Ao is inhibited as. a result of the increased 
prostacylin levels; with véry high concentrations of 
NTG a direct inhibitory effect on platelet thromboxane 
Ag production has been demonstrated.!! Recent studies, 
however, including our own, have failed to confirm a 
cledr-cut role for the prostaglandin system as a modu- 
lator of nitroglycerin action.!?-1* Blockade of prosta- 
glandin production with indomethacin has failed to 
attenuate the actions of NTG in alleviating angina 
pectoris! or in decreasing LV dimensions in normal 
subjects.14 Therefore, at the present time the prosta- 
glandin system does not appear to be responsible for 
the vascular actions of nitrates, although this is still 
controversial. 


Nitrate Action on Blood Vessels 


A large arterial-venous N'TG gradient exists between 
the systemic arterial and venous circulations; NTG 
concentrations are markedly lower in venous blood.!5 
These data, along with other observations,!6-!7 indicate 
that blood vessels throughout the body rapidly take up 
organic nitrates: The veins appear to be more avid than 
arteries i in their affinity for nitrates,!" with venodilation 
occurring at much lower plasma nitrate concentrations 
than arterial vasodilation.!? Once venodilation occurs, 
there appears to be little additional dilating effect on 
the veins with increases in nitrate dosage. Arterial 
vasodilation occurs at somewhat higher nitrate plasma 
concentrations, and arteriolar or resistance vessel di- 
lation is seen only with high plasma concentrations. 
Vascular tissue uptake and local metabolism of organic 
nitrates appears to be quite extensive, which helps ex- 
plain the large systemic clearance of NTG. It has been 
estimated that the plasma N'T'G concentration repre- 
sents approximately 196 of the total body N'TG stores 
at any one time.!? 


Physiologic Effects of Nitrates 
In Cardiovascular Dlsease 


Angina pectoris: Peripheral actions: For many 
years it was taught that the efficacy of NTG and long- 
acting nitrates in relieving or preventing anginal pain 
"was a direct result of the peripheral vascular actions of 
nitrates. Thus, systemic venodilation as well as arterial 
vasodilation were thought to represent the most im- 
portant aspects of nitrate efficacy. Pronounced 
venodilation causes a redistribution of the circulating 
blood volume with a decrease in return of blood to the 
right heart and a subsequent fall in right and left heart 
filling pressures and dimensions, often with a decrease 
in cardiac output. This results in decreased myocardial 
oxygen requirements at rest and especially during ex- 
ercise, with an improvement in exercise capacity in 
patients with angina pectoris. 

Central actions: There is a considerable body of work 
in experimental animals and in humans that suggests 
that at least in some patients, the central circulatory or 
coronary effects of NTG may be beneficial in addition 


to the peripheral actions.?? For years, the well-recog- 
nized actions of nitrates on dilating the coronary cir- 
culation were believed to be anecdotal and without 
significance. However, recent quantitative angiographic 
investigations”)? of the coronary circulation have 
demonstrated that not only does NTG dilate normal 
coronary vessels, but in some subjects it also increases 
luminal diameter in stenotic regions of both small and 
large coronary arteries. Coronary collateral vessels are 
larger after NTG and collateral blood flow is augmented 
after NTG administration.???4 In ischemic myocar- 
dium, N'TG improves nutrient blood flow to regional 
areas of oxygen deficit. Ischemic subendocardial ox- 
ygenation is improved by the redistribution of regional 
blood flow,” although global coronary blood flow does 
not change or may decrease after nitrate administration. 

The recent worldwide focus on coronary vasospasm 
underscores another use for nitrates, i.e., as effective 
therapeutic agents for variant and mixed angina. In 
Prinzmetal’s or variant angina, clinical studies?728 
suggest that nitrates are as potent as calcium-channel 
blockers for the relief of coronary vasospasm. There are 
no substantive data for any class of drugs used for the 
therapy of mixed angina. On theoretical grounds, NTG 
compounds should be very useful in preventing or re- 
versing coronary vasoconstriction and spasm, as well 
as ensuring maximal dilation of the coronary stenosis 
itself. 

Thus, the actions of NTG and long-acting nitrates in 
the relief of angina pectoris are probably more complex 
than previously thought. It is likely that nitrates do not 
act in the same manner in every patient.?? 

Congestive heart failure: Nitrates are very effective 
in CHF, particularly in patients who have a substantial 
elevation of LV filling pressure and a low cardiac out- 
put.2? As emphasized by Cohn,?? nitrates lower LV 
filling pressure (preload) without reducing cardiac 
output in appropriately selected patients; occasionally 
nitrates produce a small rise in stroke volume. Reduc- 
tions in pulmonary artery and right arterial pressures 
follow nitrate administration in patients with CHF. 
Although LV dimensions clearly decrease in normal 
hearts after NTG administration, it is difficult to 
demonstrate a decrease in LV cavity size in patients 
with CHF. 

Long-acting nitrates, including NTG ointment, 
transdermal NTG discs, buccal NTG and oral nitrates 
have all been shown to be effective in acute studies in 
patients with CHF.9!* A number of investigators have 
also documented hemodynamic improvement after 
chronic treatment with nitrates.^?94 There does not 
appear to be any significant alteration in nitrate phar- 
macokinetics in patients with CHF,® although higher 
doses of nitrate are usually required to achieve the de- 
sired clinical effects. 


Metabolism of Organic Nitrate Esters 


Nitroglycerin: Whether administered sublingually, 
intravenously, orally or topically, NTG is rapidly con- 
verted to 2 inactive metabolites: the isomeric 1,2 and 1,3 
glyceryl dinitrates (GDN). The half-life of NTG itself 
is very brief (under 5 minutes). Both the 1,2-GDN and 
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the 1,3-GDN metabolites are found in the urine after 
NTG administration. While the liver possesses large 
amounts of the potent enzyme hepatic glutathione or- 
ganic nitrate reductase, there is direct and indirect ev- 
idence that blood vessels, i.e., the veins and arteries, 
extensively metabolize nitrates directly.16:17,96 

Nitroglycerin is available in the United States in 
sublingual, intravenous, buccal, transmucosal, oral, 
ointment and transdermal disc formulations. In addi- 
tion, oral and nasal sprays have been tested in clinical 
research protocols. 

Isosorbide dinitrate: The liver, via the glutathione 
organic nitrate reductase system, is also a major site of 
metabolism for isosorbide dinitrate, the other important 
organic nitrate ester used in clinical practice. Denitra- 
tion of the parent compound isosorbide dinitrate pro- 


duces 2 metabolites: 2- and 5-isosorbide mononi- 


trate. 1637.38 The 5-isosorbide mononitrate compound 
(5-ISMN) has potent vasodilatory action, while 2-ISMN 
appears to be less active. The metabolism and clearance 
of isosorbide dinitrate itself is more rapid than that of 


‘its 2 metabolites, and plasma concentrations of the. 


parent isosorbide dinitrate remain relatively low com- 
pared with 5-ISMN and 2-ISMN.?7?98 The concentra- 
tion of 5-ISMN rises over time and remains elevated for 
hours after an oral dose (Fig. 1); 2-ISMN is present in 
lower concentrations than 5-ISMN but greater than 
isosorbide dinitrate.?799 The 2 isosorbide dinitrate 
metabolites are excreted unchanged in the urine. Only 
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FIGURE 1. Mean plasma concentrations of Isosorbide dinitrate (6), 
Isosorbide-2-mononttrate (A), isosorbide-5-mononttrate (O) and ræ- 
dioactivity (M) In human subjects after single oral doses of 40 mg of 
C-14 Isosorbide dinitrate In a sustalned-release formulation. Reprinted 
with permission from Z Kardlol.97 
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20 to 25% of dn administered oral dose of isosorbide 
dinitrate is systemically bioavailable.163? 5-ISMN has 
a half-life of 4 to 4! hours, substantially longer than the 
half-life of the parent compound, isosorbide dini- 
trüte.i9 l 

Some investigators believe that the clinical effects of 
isosorbide dinitrate relate both to the actions of iso- 
sorbide dinitrate itself as well as its active metabolite, 
9-ISMN; the early nitrate effects are attributed to the 
parent compound, while the more protracted nitrate 
actions are believed to be the result of the 5-ISMN.1688 
In Europe 5-ISMN is marketed as an antianginal drug 
and this compound is now being tested in clinical'trials 
in the U.S. for angina and heart failure. 5-ISMN is at- 
tractive because it does not undergo hepatic degradation 
and is-over 90% bioavailable.!99 It is not yet clear 
whether the vasodilating potency of 5-ISMN is greater 
than, equal to or less than isosorbide dinitrate itself. 

Isosorbide dinitrate is presently available in the U.S. 
in sublingual and oral formulations only, although in- . 
travenous isosorbide dinitrate, which has been used 
extensively in Europe, is presently undergoing clinical 
trials in the U.S. for use in acute myocardial infarction 
and postsurgical hypertension and a topical isosorbide 
dinitrate ointment is available in a number of other 
countries. In West Germany an inhalable isosorbide 
dinitrate spray is marketed for acute prophylaxis of 
angina. À Japanese manufacturer has created a thin 
translucent isosorbide dinitrate-impregnated plastic 
tape that may be clinically evaluated in the U.S. in the 
near future. 

Other organic nitrates: Metabolic degradation of 
pentaerythrityl tetranitrate and erythrityl tetranitrate 
is also provided by the hepatic enzyme glutathione or- 
ganic nitrate.reductase. These 2 nitrate compounds are 
bioactive and commercially available. Pentaerythrityl 
tetranitrate is clinically effective but must be given in 
individual doses of at least 40 mg. Experimental studies 
in animals and humans evaluating the phar- 
macokinetics and clinical efficacy of these 2 compounds 
are wanting. Pentaerythrityl tetranitrate and erythrityl 
tetranitrate represent a very small fraction of the ni- 
trate commercial “market” and will not be discussed 
further. 


Potentlal Factors Affecting 
Nitrate Pharmacokinetlcs 


There is relatively little information available re- 
garding alterations in nitrate plasma levels and duration 
of action where potentially confounding variables are 
present. Some data have recently been published sup- 
porting the clinical impression that nitrate metabolism 
is not easily deranged by other drugs or disease 
atateg.29,37,38 

It is important to recognize that intersubject vari- 
ability in plasma nitrate levels, time to onset and du- 
ration of nitrate effect are extremely wide (Table I). 
Equally unpredictable is individual sensitivity to nitrate 
actions. 

Chronic dosing: Although nitrate plasma concen- 
trations demonstrate a roughly dose-dependent effect 


. during acute dosing, the dose-response relation appears 


UU ——————» eR Oe 


— July 10, 1985 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 15A 


' to break down with chronic dosing. Isosorbide dinitrate 
‘blood levels are actually higher after several weeks of 
‘oral administration, suggesting the development of re- 
‘duced isosorbide dinitrate clearance.?? In addition, in 
animal experiments in which isosorbide dinitrate me- 
tabolites were coadministered with the parent com- 
pound, clearance of isosorbide dinitrate itself was re- 
duced.$ This suggests that the metabolites of long-act- 
ing | nitrates may alter parent drug pharmacokinetics 
during chronic dosing. 

l Food and tobacco: Plasma isosorbide dinitrate 
toncentra Gone do not change substantially whether the 


dose is taken before or after a meal, nor does smoking | 


significantly alter isosorbide dinitrate kinetica.2° 

: Renal and hepatic disease: Plasma nitrate levels 
appear to be comparable in patients with and without 
impaired renal function. Preliminary data in a small 
number of patients with cirrhosis indicate that plasma 
isosorbide dinitrate concentrations are higher after oral 
dosing than in noncirrhotic patients.?7 


' Congestive heart failure: There is no significant. 


alteration in nitrate kinetics in patients with CHF,*® 
although hepatic blood flow is likely to be reduced in 
patients with CHF. 

‘Beta blockers and cimetidine: Beta blockers and 
cimetidine, both of which can alter hepatic enzyme 
function, do not appear to affect nitrate pharmacoki- 
netics.? 

Nitrate Delivery Systems 

The remarkable diversity of organic nitrate formu- 
lations is unique. Because nitrates are so well absorbed 
_ACTOSS mucosal surfaces and skin, they can be admin- 
istered i in virtually any dosing form. Manufacturers have 


combined NTG and isosorbide dinitrate with a variety. 


of other compounds to provide stable nitrate formula- 
tions. Table I lists the available nitrate delivery systems, 
dosage ranges, time to onset, peak effects and total 
duration of activity. 

Sublingual nitrates: Sublingual NTG and isosor- 
bide dinitrate tablets have long been available. Sub- 
lingual NTG is the “gold standard” for acute prophy- 
laxis of anginal attacks. Its onset of action is rapid, 

y within 120 to 180 seconds, and the duration of 

cti rity ranges between 5 and 25 minutes. Sublingual 
ue d dinitrate is potent but has a somewhat longer 
onset of action than sublingual NTG. This feature 
makes it a less desirable agent for acute therapy of an 
attack of chest pain, although sublingual isosorbide 
Pora provides more sustained protection once it 
to work (up to 2 hours). Neither of these com- 

Boum ls is a practical choice for ambulatory therapy and 
long-term angina prophylaxis. Patients who have fre- 
quent, anginal attacks should be instructed to use either 
sublingual NTG or isosorbide dinitrate in a prophylactic 


fashion, inserting the tablet under the tongue before. 


engaging in activity that is likely to produce chest pain. 
In this manner, potential anginal attacks may be 
aborted or completely prevented. 

Buccal nitroglycerin: Several years ago, an inter- 
esting formulation of NTG was introduced in the 
a Kingdom, the U.S. and West Germany. This is 


TABLE] Dosage and Kinetics of Nitroglycerln and Long- 
Acting Nitrates 


Usual Onset of Peak 
Recommended Action Action 





Medication Dosage (min) (min) Duration 
Sublingual NTG 0.3-0.8 mg 2-5 4-8' 10-30 min 
Sublingual ISDN 2.5—10 mg 5-20 15-60 45-120 min* 
Buccal NTG 1-3 mg 2-5 4-10 30-300 min* * 
Oral ISDN 10-60 mg 15-45 45-120 2-6h*** 
Oral NTG 6.5-19.5mg 20-45 45-120 2-6h*** 
Oral PET 40-80 mg 80 60-120 3-8h 
NTG ointment (296) — !5—2 In 15-60 30-120 3-8h 
NTG discs 10-20 mg 30-60 60-180 Up to 24h! 


(transdermal) 


ISDN = Isosorbide dinitrate; NTG = nitroglycerin; PET = penta- 
erythrityl tetranitrate. 
* Up to 3 to 4 hours In some studles. 
* * Effect persists as long as tablet Is intact. 
" * ** Some acute dosing studies have demonstrated effects to 8 
ours. 
t Data are conflicting regarding 24-hour effects (see text). 
Reprinted with permission from Am J Med.?? 


the transmucosal or buccal preparation in which NTG 
is imbedded in a special cellulose matrix.33 The unique 
property of this medication is its extremely rapid onset 


of action combined with a sustained clinical effect. 


Buccal NTG is produced in tablet form, with the pill 
being placed in the buccal pouch between the upper lip 
and the teeth. A seal or gel forms rapidly and the tablet 
promptly adheres to the mucosal membrane of the 
buccal cavity. Most patients find that they can eat, 
drink and talk without difficulty with the tablet in place. 
Nitroglycerin is immediately released across the mu- 
cosal layers into the rich capillary bed of the mouth, and 
the onset of nitrate effect Is as rapid as with sublingual 
NTG.4 Thus, this formulation may be used for acute 
prophylaxis of anginal attacks. The NTG is absorbed 
at a relatively constant rate as long as the tablet remains 
intact in the mouth—usually a time period of 3 to 6 
hours.3? Therefore, for those who do not consume the 
buccal pill rapidly (i.e., 2 to 3 hours), this is an effective 
long-acting formulation. Limited clinical experience 
suggests that the tablet 1s well tolerated, without irri- 
tation of the mucosal membranes. There are ample 
clinical data indicating that buccal NTG produces 
sustained improvement in patients with angina as well 
as with CHF.?? 

Unfortunately, bucal NTG, introduced in the U.S. 
as Susadrin®, has met with remarkably little commercial 
success. The brand name is not recognized by most 
physicians, and this interesting and.effective formula- 
tion has been ignored by the medical community. There 
is considerable potential use for buccal NTG in acute 


, Situations, e.g., prolonged chest pain attacks, pulmonary 
. edema and coronary vasospasm. 


Oral nitroglycerin and isosorbide dinitrate: 
Orally administered NTG and isosorbide dinitrate, ei- 
ther in standard formulation or in sustained action 


capsules or tablets, are standard and effective ways of 


administering organic nitrates. The admonitions of 
Needleman and others,*!-*2 that hepatic nitrate degra- 
dation is so extensive as to preclude sufficient amounts 
of the parent compound from reaching the systemic: 
circulation, have turned out to be invalid.5? Neverthe- 
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N 
less, in the 1960s and early 1970s most investigators and 
experts in cardiovascular diseases and pharmacology 
believed that long-acting oral nitrates had virually no 
usefulness.41:42,44,45 Until recently, the Food and Drug 
Administration rated these compounds as being of 
“possible” or “unproven” effectiveness.5549 This view 
‘can no. longer be supported by available data. A wide 
variety of evidence clearly indicates that orally ad- 
ministered nitrates are bioactive, clinically effective and 
produce desired actions that last for many 
hours.*3:16,20,27,28,34,38,39,43,48 The recent availability of 


NTG and isosorbide dinitrate assays demonstrates that | 


oral doses of both produce therapeutic plasma levels 
that are sustained for many hoursg,19:35,7,3947 The peak 
plasma concentration and the area'under the curve are 
related to the size of the dose. The absorption and blood 
levels vary widely and unpredictably from lI subject to 
another, thus precluding the use of standard or fixed 
doses. Nevertheless, if sufficient oral NTG or isosorbide 
dinitrate is given; the desired clinical effects will be seen. 
The largest body of high-quality clinical investigative 
work has been with isosorbide dinitrate. There are few 
studies using oral NTG. 

It is important for physicians to be willing to use 
larger amounts of oral nitrates than are listed in phar- 
maceutical advertising or in the package inserts.fé 
High-dose nitrate therapy, when carefully administered, 
is usually well tolerated and may be necessary to obtain 
the desired clinical response in patients with angina or 
CHF. In the latter condition, larger doses of nitrates are 
the rule rather than the exception. In Canada, Shane et 
al*8 has used doses of isosorbide dinitrate >500 mg a day 
in selected patients with apparently good results. 

Topical nitrates: Nitroglycerin ointment, first 
popularized by Tinsley Harrison, has been a standard 
form of NTG administration for many years.*999 Ni- 
troglycerin ointment therapy for patients with angina 
was given a major boost when Reichek et al?! reported 
a favorable double-blind, placebo-controlled study in 
1974 demonstrating that 2% NTG ointment has pro- 
tective effects in patients with angina for up to 3 hours. 
Many clinical studies of patients with angina and CHF 
have demonstrated protracted clinical efficacy for up 
to 6 hours.29203143,50-53 Ointment dosage is quite 
variable, and the method of application from 1 indi- 
vidual to the next is not as systematic as desirable. 
Ideally, the ointment should be spread over a surface 
area of 5 to 6 square inches, although some believe a 
smaller area is satisfactory. It has been suggested that 
the ointment be covered with a plastic wrap similar to 
that used with topical steroids to enhance skin ab- 
sorption. There is variability in the absorptive capacity 
of different skin sites with the chest the best place.to 
apply NTG ointment. 

Unfortunately, NTG ointment is messy, and during 
hot weather is difficult for patients to use. In addition, 
it soils clothes and may interfere with dress habits of 
active patients. Therefore, topical NTG has been most 
popular for hospital use, and is particularly helpful for 
patients in the intensive care unit who require long- 
acting nitrates. Pharmaceutical manufacturers are de- 
vising application systems that will eliminate ointment 


messiness; an adhesive unit has been developed in which ` 
the ointment is placed in the center with adhesive sur- . 
rounding the center of the bandage. 


Transdermal Nitroglycerin Discs 


The transdermal disc or patch systems were intro- 
duced in the U.S. in 1982 and immediately demon- 
strated remarkable acceptance by patients and physi- 
cians. Over 300 million dollars worth of these produets 
have been sold. The concept of this formulation is 


unique: NTG is impregnated in a silicone gel or polymer 


matrix and the unit is placed on the skin once daily. 
Constant N'TG absorption is then maintained for 24 to 
48 hours. The discs release NTG at a rate of approxi- 
mately % mg of NTG/cm" of disc area. Unfortunately, 
several of the relatively few clinical studies using the 
discs have been unable to show substantial clinical im- 
provement in patients with angina at conventional 
doses, and virtually none has shown the benefit in an- 
gina lasting for a full 24 hours.99-59? Most studies used 
relatively low doses of the disc, i.e., 5 to 10 mg/24 hours, 
but 2 well-designed studies used to 20 to 30 mg/day, or 
more.°©57 Plasma NTG assays clearly indicate that 
NTG concentrations produced by the lower dosage 
forms are well below 0.5 ng/m1.59,69? Most investigators 
believe that the minimal “therapeutic level” of NTG is 
at least 1 ng/ml.®! 

Some studies indicate that the low-dose discs are ef- 
fective,946? and the controversy is unresolved. In CHF, 
large doses (equivalent to 30 to 60 cm?) are effective, 32,64 
and the actions on preload may persist for 24 hours. 

In my judgment, low doses of transdermal NTG 
discs do not produce sufficient plasma and tissue 
NTG concentrations to sustain consistent effective 
antianginal effects. Larger doses, using either multiple 
patches or larger patches, may be more useful, but effi- 
cacy at 24 hours is still in question. At the present time, 
patients should not be continued on NTG discs unless 
a definite clinical response sustained over time can be 
demonstrated. 


intravenous Nitroglycerin 


Intravenous NTG has only been commercially 
available for several years, but represents a major ad- 
vance in the treatment of the acutely ill patient. The 
increasingly widespread application of intravenous 
NTG includes therapy for acute pulmonary edema and 
severe CHF, acute and recurrent chest pain during 
myocardial infarction, systemic hypertension in acute 
myocardial infarction patients or immediately after 
coronary bypass, and control of blood pressure during 
certain surgical procedures, including neurosurgery and 
abdominal aortic aneurysm repair. Intravenous NTG 
probably should be given preferentially over intrave- 
nous nitroprusside in the setting of acute myocardial 
infarction because of suggestive evidence that in 
the acutely ischemic heart nitroprusside may have de- 
leterious effects.99-98 This remains controversial, 
however. 

Intravenous NTG has a relatively gentle onset of 
action, and the N'TG concentration can be easily “dialed 
up or down" as one follows the hemodynamic response. 
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At high concentrations, intravenous N'TG has a potent 
action on the arteries and the arterioles of the body and 
- peripheral resistance falls. At such levels, intravenous 
NTG is relatively comparable to nitroprusside with 
respect to arterial vasodilation and the decrease in blood 


pressure. At lower concentrations or infusion rates, in- 


travenous NTG dominantly affects the venous system. 
Despite the manufacturer’s admonitions, one does 
notehave to use special polyvinyl chloride tubing and in- 
fusion sets with intravenous NTG,® although 
NTG absorption onto a tubing is a real 
phe omenon. 


Problems with Nitroglycerin Therapy 


The major adverse effects of nitroglycerin are well 
known and include headache, dizziness and nausea. 
Headaches may be particularly debilitating. In spite of 
physician bias, there is no clinical evidence whatsoever 
that 1 type of nitrate has less headache-inducing effects 
than another. Patients should be forewarned that 
headaches will occur when they first use NTG, and 
should be encouraged to use mild analgesics for the first 
few days. Tolerance of the headaches typically develops 
within 3 to 10 days, and both the physician and patient 
should be prepared to put up with some degree of dis- 
comfort until it is determined whether adequate im- 


Sea a in the headaches will appear. Some patients’ 


ea lain of a fullness or a throbbing of the head, but 
will have intense headache. 

gs ial and syncope are uncommon but definite 
adverse effects related to the hypotensive effects of ni- 
trates. This is particularly likely to occur the first time 
NTG is used, or when the dosage is being increased 
rapidly. As the blood pressure and heart rate responses 
to nitrate administration usually attenuate with time, 
the dizziness and lightheadedness typically will disap- 
pear with chronic administration. 

On occasion, parodoxic bradycardia and hypotension 
have. been seen in patients with acute myocardial 
infarction./° 

Methemoglobinemia: There have been some pre- 
liminary reports of elevated methemoglobin levels in 
patients receiving large amounts of nitrates.’! The 
clinical significance of this is not clear at this time. 

Skin irritation: Several cases of contact dermatitis 
with NTG ointment or discs have been reported. In 
addition: it is quite common for the NTG discs to pro- 
duce lerythema and skin irritation; necessitating fre- 
quent change of the disc to another side and occasional 
discontinuation of this form of therapy. Nitroglycerin 
ointment can also cause dermatologic reactions. 


Nitrate Tolerance 


Tolerance to NTG and long-acting nitrates remains : 


a vexing and difficult problem. À great many studies 
^ have been published in the U.S. and abroad that suggest 
that tolerance is not an important clinical problem. 
However, a series of investigations from Parker et 
a]9957, 723 in Canada support the concept that clinically 
relevant nitrate tolerance does occur, and fairly rapidly 
at that. They have shown that the efficacy of oral and 
topical isosorbide dinitrate is shortened by several hours 
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after chronic administration.??7? Complete attenuation 
or abolition of nitrate effect did not occur but a decrease 
in total duration of the antianginal effects, as well as loss 
of the heart rate and blood pressure changes, were found 
with chronic administration. This latter phenomenon 
has been found in a number of other studies, and it has 
been long recognized that “arterial tolerance" is quite 
common during nitrate therapy.7575 

Some have suggested that formulations providing 
sustained nitrate plasma concentrations to blood vessels 
or repeated administration of large doses of nitrates may 
induce tolerance more readily than interrupted or lower 
dose therapy. This may be particularly relevant to the 
transdermal NTG discs.© There is tantalizing clinical 
evidence to support these theories but the final answer 
is far from in. If true, pushing nitrate dosage to maxi- 
mally acceptable amounts could actually exacerbate the 
development of drug tolerance. It appears likely that 
interrupted therapy is less likely to cause vascular 
tolerance.’ 

Because of the potential problem of nitrate tolerance, 
the clinician must be prepared to change the nitrate 
dosage regimen when it appears that tolerance might 
be present. Tolerance should be suspected when a pa- 
tient has initially achieved a satisfactory response to 
nitrate compounds, but then finds chest pain becoming 
more frequent or more protracted. Obviously other 
possibilities can explain this phenomenon, including 
worsening of the underlying disease state or other ag- 
gravating factors triggering more frequent episodes of 
angina. Nevertheless, if it is felt that nitrate tolerance 
could be the cause of the clinical deterioration, the alert 
physician should either discontinue nitrates for a short 
period of time or increase the dose, or both. Parker et 
al’? have shown that halting nitrates for as little as 
18 hours restores vascular sensitivity to the actions of 
nitroglycerin. 

In summary, nitrate therapy for myocardial ischemic 
syndromes and CHF is effective, inexpensive and 
available in a diverse number of delivery systems. In- 
telligent use of organic nitrate compounds, with atten- 
tion to pharmacologic principles, should enable patients 
with angina or CHF to lead more functional and pro- 
ductive lives. 
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The use of nitrates In varlous sublingual, oral, topical 
and intravenous forms of treatment of patients with 
= congestive heart failure (CHF) is based on their 
efficacy in dilating capacitance vessels and reducing 
elevated ventricular diastolic pressure on both the 
left and right sides of the heart. Their modest arte- 
riolar and arterial dilating effect may also decrease 
aortic impedance and produce a slight increase In 
stroke volume despite the reduction in preload. This 
favorable hemodynamic response requires relatively 
large doses of the nitrates but these doses are re- 
markably well tolerated In the majority of patients 
with CHF. In chronic CHF there has been evidence 
from small controlled trials of clinical efficacy (In- 
creased exercise tolerance and reduction in 
symptomatology) as well as hemodynamic efficacy. 

The combination of nitrates with a more potent ar- 
teriolar dilator such as hydralazine or minoxidil has 
produced a more striking acute hemodynamic 
Nitrates have been used for their hemodynamic effect 
to assist in management of patients with congestive 
heart failure (CHF) since early studies demonstrated 
an acute beneficial effect of vasodilator drugs on left 
ventricular (LV) performance in severe heart failure. 

Despite the long experience with nitrates in the treat- 
ment of coronary artery disease and despite consider- 
able experience with these agents in the treatment of 
CHF, the drugs-are not approved or marketed for use 
in heart failure and considerable controversy still exists 
reg rding their efficacy with long-term administration. 

In this article, the evidence supporting the use of long- 
term administration of nitrates as supplemental therapy 
in patients with CHF will be examined. Much data have 
n generated at the University of Minnesota Medical 

chool. 
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benefit. Long-term response, to such combined 
therapy is currently the subject of a Veterans Ad- 
ministration cooperative study. 

The current recommended approach to nitrate 
therapy in patlents with CHF Is to use the dosage 
necessary to normalize ventricular filling pressure. 
This can be best assessed in the clinic by monitoring 
jugular venous pressure. This response often re- 
quires dosages of Isosorbide dinitrate of 160 to 320 
mg dally. Transdermal preparations of nitroglycerin 
may give more constant blood levels but a large 
dosage Is usually required to produce a sustalned 
hemodynamic effect (40 to 80 cm?).. 

Although the deflnitive study to determine long- 
term efficacy and dosage requirements of nitrates 
in CHF Is yet to be reported, experlence to date 
suggests that thése agents may be very efficacious 
when properly used in selected patients with CHF. 

| (Am J Cardiol 1985;56:19A-23A) 


Historical Perspectlve 


The era of vasodilator therapy for CHF was ushered 
in with such data as shown in Figure 1. À group of pa- 
tients with severe CHF who were hospitalized and es- 
sentially bedridden despite aggressive therapy with 
diuretics and digitalis were given an intravenous infu- 
sion of sodium nitroprusside.! Sodium nitroprusside 
was selected as a vasodilator drug to test the hypothesis 
that reduction of peripheral vascular resistance would 
hàve a salutary effect on LV performance. Because so- 
dium nitroprusside was known to have 4 potent smooth 
muscle dilating effect but no direct myocardial activity, 
it was felt that the response of this drug could be in- 
terpreted as the pure. response to a vasodilator drug. As 
is now well known, infusion of sodium nitroprusside i in 
such patients resulted in à prompt increase in cardiac 
output with a sharp decrease in the pulmonary capillary 
pressure, only a modest decrease in arterial pressure and 
no reflex increase in heart rate.! This early experience 
with an intravenously administered vasodilator led to 
the search for nonparenterally administered vasodila- 
tors that might produce hemodynamic effects similar 


. to that observed with sodium nitroprusside. 
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Early candidates for such an agent were nitroglycerin 


and the nitrates. These drugs were already widely used 
in patients with heart disease. Sublingual administra- 
tion of nitroglycerin had previously been shown to 
produce a decrease in pulmonary capillary pressure,” 
but this hemodynamic effect had largely been attrib- 
uted to the venodilating action of the drug rather than 
to any effect on arterial resistance. Indeed, cardiac 
output usually decreases in response to nitroglycerin in 
patients who do not have CHF.? We therefore under- 
took a series of studies to determine if the nitrates have 
a beneficial acute hemodynamic effect in patients with 
CHF and to determine whether orally administered 
nitrates are pharmacologically active and have a long 
enough duration of action to be useful during long-term 
administration. Included in the studies were sublingual 
and oral nitroglycerin, sublingual, chewable and oral 
forms of isosorbide dinitrate and nitroglycerin oint- 
ment. These studies were carried out in patients with 
CHF and abnormal resting hemodynamics character- 
ized by an increased LV filling pressure or decreased 
cardiac output, or both. Patients were studied while 
resting supine with a thermodilution catheter in the 
pulmonary artery for serial measurement of pulmonary 
arterial and pulmonary capillary pressures and cardiac 
output. These studies revealed that all forms of nitrate 
produced a similar hemodynamic effect characterized 
by decreases in pulmonary capillary and pulmonary 
arterial pressures, a modest increase in cardiac output, 
a slight but inconsistent decrease in arterial pressure 
and little change in heart rate." The main differences 
among the agents tested were in their onset of effect and 
duration of action. Sublingual nitroglycerin had the 
shortest onset of action but also the shortest duration 
(<30 minutes). In contrast, orally administered iso- 
sorbide dinitrate in doses of 20 to 40 mg and nitroglyc- 
erin applied to the skin in ointment form were capable 
of producing an effect lasting up to 6 hours. The other 
forms of nitrates tested were intermediate in action and 
thus not ideally suited for long-term management of 
CHF. 

The apparently paradoxical increase in cardiac out- 
put in response to nitrates that we observed in patients 
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FIGURE 1. Acute response to Infusion of sodium nitroprusside In 6 
patients with intractable heart failure desplte treatment with digitalis 
and diuretics. Cl = cardlac index; HR = heart rate; MAP = mean artertal 
pressure; PCW = pulmonary wedge pressure. 


with CHF helped us to mold a concept of-the depen- 
dence of the left ventricle on preload and afterload.® The 
decrease in stroke volume observed in normal subjects 
in response to nitrates could be attributed to the preload 
dependency of the normally functioning left ventricle. 
In patients with CHF it was noted that venous occluding 
tourniquets applied to the extremities reduced LV 
filling pressure and lowered stroke volume, thus dem- 
onstrating the continued preload dependency of the- 
failing left ventricle as well. The increase in stroke vol- 
ume noted in response to nitrates, therefore, had to be 


attributed to the exquisite dependence of the failing left 


ventricle on outflow resistance. Even a modest dilation 
of the arteriolar bed improved emptying of the left 
ventricle and this increased-emptying often counter- 
balanced the preload effect, which might otherwise have 
resulted in.a decrease in stroke volume. Furthermore, 
the incremeht in cardiac output in response to nitrates 
appeared to be directly related to the severity of the LV 
dysfunction. Therefore, the increase in cardiac output 
was correlated with the height of the pulmonary wedge 
pressure and with the severity of depression of the 
cardiac index? These data provide an interesting ra- 
tionale for nitrate therapy, in that the improvement in 
response to the drug is directly related to severity of the 
LV dysfunction. Consequently, although the nitrates 
are not potent arterial dilators and produce only a 
modest decrement in impedance to LV ejection, the 
sensitivity of the severely failing left ventricle to even 
modest changes of impedance render the drug effective 
in this patient population. 


Long-Term Administration of Nitrates 


Use of nitrates for long-term administration requires 
evidence that the hemodynamic effect persists during 
continuous use of the drug. Although previous studies 
of nitrate efficacy in angina suggest that a sustained, 
hemodynamic effect must be present, considerable 
controversy has existed over the years as to whether 
nitrate tolerance develops.19-1? Studies were undertaken 
in a group of patients with CHF who were followed for 
3 months while taking either isosorbide dinitrate, 40 mg 


4 times daily, or placebo in a double-blind trial.13 At the 


end of the 3-month trial, the patients returned to the 
laboratory to determine their hemodynamic measure- 
ments at rest and their response to a test dose of the 
drug. During initiation of therapy all patients received 
a dose of isosorbide dinitrate that produced a prompt 
decrease in pulmonary capillary pressure. After 3 
months of continuous therapy, studies were performed 
16 hours after the last dose of the drug. The group ran- 
domized to nitrates had a lower pulmonary wedge 
pressure than the group receiving placebo. Furthermore, - 
in response to isosorbide dinitrate, the chronically 
treated group exhibited a decrease in wedge pressure 
indicating continued.responsiveness to the agent. In 
contrast, the placebo-treated patients showed no re- 
sponse to administration of placebo.!3 These data 
support the contention that long-term administration 
of oral isosorbide dinitrate produces a continued vas- 
cular effect. It is, of course, possible that some attenu- 
dtion had occurred or that a different dosing schedule 
or different total daily dosage may have resulted in more: 
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evidence of tolerance. For example, the 16-hour washout 
period could have allowed responsiveness to be re- 
stored.1415 Arguments about the ideal dosage schedule 
for isosorbide dinitrate continue. 

A more important measure of efficacy of nitrates in 
the long-term management of CHF would be evidence 
that exercise tolerance was improved or that symptoms 
of ‘CHF were relieved. An initial randomized double- 
blind study of isosorbide dinitrate efficacy was under- 
talfen in 1974. Patients in whom the symptoms of CHF 
‘were not controlled with digitalis or diuretics were 
randomly assigned to receive either isosorbide dinitrate 
or placebo in a double-blind parallel trial. The drug was 
administered 4 times daily in a dose of 40 to 60 mg. This 
small study did not accumulate enough patient expe- 
rience to assess an effect on mortality, but even in this 
small series there was preliminary evidence suggesting 
clinical efficacy. Exercise tolerance was significantly 
increased in the group receiving the isosorbide dinitrate 
compared with the group receiving placebo. Further, 
during 85 patient weeks on nitrate there were fewer 
morbid events than during 76 patient weeks on pla- 
cebo.19 


Nitrates in Vasodilator Combinations 


Although the cardiac output usually increases slightly 
in od with CHF given nitrates, it was clear that the 


hemodynamic response to the nitrates was less favorable 


than that to sodium nitroprusside, which has a more 
potent arteriolar dilating effect. In order to achieve a 
more favorable effect on resting hemodynamics, 
therefore, an attempt was made to develop a vasodilator 
regimen with balanced arteriolar and venous dilating 
effects. Hydralazine was chosen as the arteriolar dilator 


toicombine with isosorbide dinitrate, because hydrala- ` 


zine has been shown to be a potent arteriolar dilator that 
is relatively devoid of venous capacitance effects. Hy- 
dralazine also produces a striking increase in cardiac 
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FIGURE 2. Acute response of the failing left ventricle to varlous drug 
interventions. Venodilating effect reduces left ventricular filling pressure 
(LVFP), whereas arterial dilating effect Increases stroke volume (SV). 
H + N = hydralazine plus nitrate. 
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output with only a modest decrease in cardiac filling 
pressure in patients with heart failure.!? The oral ad- 
ministration of 100-mg hydralazine with 40-mg isosor- 
bide dinitrate produced a hemodynamic response al- 
most identical to that observed during intravenous 
infusion of sodium nitroprusside.!? A similar hemody- 
namic response would be expected with a combination 


^ of minoxidil and nitrates.!? 


The correspondence between the relative arterial and 
venous dilating effects of a drug and its acute hemody- 
namic effect in patients with CHF has made it possible 
to classify vasodilators on the basis of the acute effects 
on stroke volume and LV filling pressure (Fig. 2). Thus, 
the nitrates produce only a modest shift in the Frank- 
Starling curve because of their relatively small effect on 
resistance vessels. When combined with arterial dila- 
tors, however, the effect approaches that of nitroprus- 
side and may even produce a greater shift than do the 
converting enzyme inhibitors. 


Acute Response to Exercise 


The severity of hemodynamic derangement at rest 
correlates poorly with clinical symptomatology and 
prognosis in patients with CHF.7?92! Indeed, the he- 
modynamic response to exercise provides a far more 
sensitive guide to LV dysfunction than measurements 
at rest. Since exercise results in alterations of preload, 
outflow resistance and contractility of the left ventricle, 
a drug could have a hemodynamic effect at rest that 
would not be apparent during exercise.  . 

Accordingly, we undertook a study to determine the 
effect of isosorbide dinitrate on the hemodynamic re- 
sponse to exercise.2* As expected, the acute adminis- 
tration of the nitrate lowered LV filling pressure at rest. 
This decrease persisted during modest bicycle er- 
gometer exercise loads but the effect tended to disap- 
pear when the patient approached his maximally tol- 
erated load. Similarly, cardiac output was not 
significantly increased at near-maximal loads and the 
arterial pressure and heart rate were not much altered 
(Fig. 3). Therefore, the overall impression was that the 
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FIGURE 3. Relation between total body oxygen consumptlon and car- 
diac index (Cl) during symptomrilmited exercise before vasodilator 
therapy (contro! C), after acute administration of tsosorbide dinitrate 
(ISDN) and hydralazine (H + 1) and after long-term administration of 
isosorbide dinitrate (Rx). Acute therapy does not increase maximal 
exercise capacity despite a rise in CI. Long-term therapy produces a 
greater Increment in oxygen consumption than in cardiac output. — 
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vasodilator, as expected, had a greater effect at rest than | 


during exercise, which in itself is a vasodilator stimulus, 


and that the effect during exercise was more prominent _ | 


at submaximal exercise loads. Failure of maximal ex- 
ercise tolerance to increase after the first dose of this 
drug is not surprising. À beneficial effect on the comfort 
with which submaximal exercise could be performed is 
a distinct possibility but remains largely unexplored 
because of the difficulty in designing an objective test 
to measure it. 

- Because the nitrates alone have only a modest effect 
on cardiac output, the hemodynamic response to exer- 
cise also was studied in a series of patients given a single 
dose of 100-mg hydralazine in combination with iso- 
sorbide dinitrate. The cardiac output was higher both 
at rest and during exercise, but no increase in maximal 
exercise tolerance could be demonstrated after acute 
administration of the drugs (Fig. 3).? 


Long-Term Response to Exercise 


Because our earlier study showed improved exercise 
tolerance during long-term administration of isosorbide 
dinitrate, the absence of an acute improvement in ex- 
ercise performance after nitrate or nitrate-hydralazine 
combination demanded further analysis. ‘The patients 
exposed to the single dose of isosorbide dinitrate were 
therefore maintained on it at a dosage of 160 to 240 
mg/day or on placebo in a 3-month double-blind trial.”4 
At the end of this 3-month period, exercise tolerance 
assessed quantitatively by measurement of maximal 
oxygen consumption was significantly increased in the 
nitrate-treated group but not in the placebo-treated 
group. The mechanism of this improvement is not en- 
tirely clear. Cardiac output at peak exercise was only 
marginally increased (Fig. 3). An increase in blood de- 
livery to exercising muscle is a possibility but was not 
assessed. An improvement in peripheral extraction of 
oxygen, akin to the proposed mechanism of improved 
oxygen utilization during conditioning,” is also a likely 
possibility. 

"The increase in exercise tolerance ow in this small 
series of patients treated chronically with isosorbide 
dinitrate does not appear to be unique to the nitrates: 
'The most impressive data come from a controlled trial 
with the converting enzyme inhibitor, captopril, which 
was compared with placebo in a double- blind study 
carried out over 12 weeks.*8 In this study of over 90 
patients no change in exercise tolerance was demon- 
strated in the subgroup randomized to placebo, but a 
24% improvement in exercise tolerance was observed 
in the group randomized to captopril. Further, subjec- 
tive improvement was reported by both the patients and 
their physicians among subjects receiving captopril but 
not by those treated with placebo. 

The relative efficacy of various vasodilator regimens 
on exercise performance and clinical symptomatology 
‘has not yet been established. The results of a Veterans 
Administration cooperative study (V-HEFT), which is 
assessing the efficacy of hydralazine-nitrate combina- 
tion, prazosin or placebo in a large series of patients 
followed for up to 5 years, should be available in 1986. 


‘This study should provide data not only on exercise 


tolerance but also on mortality, which is the primary 
endpoint of the study. The data should establish 
whether either of these vasodilator regimens can alter 
the dismal life expectancy of patients with moderate to 


^ severe CHF.2? 


Nitrate Formulations 


Because of the striking acute hemodynamic response 
to administration of nitrates in any of the various for- 
mulations, the concept that the ideal nitrate therapy 
would provide adequate round-the-clock blood levels 
to maintain a hemodynamic effect of the drug has 
grown. ‘Thus, frequent oral administration of a large 
dose of isosorbide dinitrate became the most commonly 
used regimen. The recent availability of new transder- 
mal preparations appears to provide an alternative to 
frequent oral dosing. These products are purported to 
produce sustained blood levels that allow use of a single 
patch for a full 24-hour period of time. 

We undertook the study of one of these preparations 
(Nitrodur, Key Pharmaceuticals) to determine if a 


satisfactory hemodynamic effect could be maintained 


for 24 hours. The use of 30 to 40 cm? of this product 
achieved a distinct hemodynamic effect; however, this 
effect tended to wane over the 24-hour period of study.” 
When the patch was removed, however, there was a 
striking hemodynamic rebound—to a vascular resis- 
tance and pulmonary wedge pressure above the control 
levels. These data have been interpreted to suggest that 
an intrinsic vasconstrictor mechanism is activated by 
the nitrate effect and potentially plays a role in both the 
development of “tolerance” to the nitrates and the 
“withdrawal phenomenon” that has been reported when 
nitrate exposure is terminated.? In our study this 
vasoconstrictor mechanism did not appear to involve 
either the sympathetic nervous system or the renin 
angiotensin system.”8 

This unexpected finding during a 24-hour exposure 
to nitroglycerin, coupled with recent reports of the de- 
velopment of tolerance to sustained oral therapy with 
isosorbide dinitrate,!? has led some to question the 
wisdom of the attempt to maintain therapeutic nitrate 
blood levels to achieve sustained efficacy of the drug. | 
Some have suggested the use of only 1 or 2 oral doses a 
day as a means of preventing tolerance. To date most 
of the problems regarding tolerance appear to have 
surfaced in studies in patients with angina rather than 
in those with CHF. The implications for treatment of 
CHF remain highly conjectural. 


Therapeutic Recommendations 


On the basis of evidence accumulated to date, nitrate 
therapy appears to have a place in the management of 
patients with chronic CHF. Virtually all studies have 
confined themselves to patients who continue to be 
symptomatic (e.g., breathlessness and fatigue) despite 
therapy with digitalis and diuretics. In this population 
it is clear that nitrates can produce a decrease in cardiac 
filling pressure (and thus pulmonary capillary pressure) 
and often an increase in cardiac output. Use of nitrates 
for improvement in pump function in less symptomatic 
patients has not been studied. Therefore, administra- 


tion of the drug to this patient population must be 
viewed as investigational. The goal of such therapy 
might be to decrease the likelihood of the disease pro- 
gressing to the stage of severe intractable CHF. 

` If, on the basis of the present data, a physician decides 
he wants to provide round-the-clock nitrate effect for 
a:patient with CHF, isosorbide dinitrate, given orally 
in doses of 40 to 80 mg 4 times daily, may be the most 
reliable therapeutic regimen. Transdermal preparations 
world have to be used in exceedingly large doses to 
achieve a comparable hemodynamic effect and the 
long- term response to these preparations has not yet 
been carefully assessed. Other dosing regimens might 
also be effective, particularly if evidence accumulates 
that a drug-free interval might discourage the devel- 
opment of partial tolerance to the drug. 

The therapeutic endpoint for nitrate administration 
should be a decrease in cardiac filling pressure. Clinical 
inspection of the central venous pressure can often 
provide a useful guide to the therapeutic efficacy of the 
drug. A persistently increased central venous pressure 
is an indication for a higher dose of nitrate, if it can be 
tolerated, or.a higher dose of diuretic. Further, the ni- 
trates offer a supplementary pharmacologic means of 
decreasing central venous pressure and pulmonary 
capillary pressure in patients receiving other vasodilator 
or inotropic therapy for CHF. 

In summary, although the nitrates are not currently 
approved for clinical use in the treatment of CHF and 
although the ideal dosing regimen of these drugs has not 
been entirely clarified, clinical experience and some 
controlled clinical trials suggest that the drug is likely 
to' benefit symptomatic patients who are already re- 
ceiving digitalis and diuretics. 
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CME Test 2A 


Role of Nitrates in Congestive Heart Failure 


The Office of Continuing Medical Education, University of Minnesota Medical School, designates this continuing medical education 


. The hemodynamic effect of nitrate In patients with heart 
failure Is characterized by all but which of the following? 
8) a reduction of pulmonary capillary pressure 

b) a fall in pulmonary arterial pressure 

C) a dramatic increase In cardiac output 

d) a slight fall in arterial pressure 


. The dilatation of smooth muscie in the walls of veins and 
arterles produced by nitroglycerin and the organic nitrate 
esters Is produced: l 

a) through neuroendocrine interactions 

b) through the prostaglandin system 

c) through direct relaxation of vascular smooth muscle 


. The most common heart failure syndrome is: 
a) pulmonary venous congestion 

b) failure of the right ventricle as a pump 

C) failure of the left ventricle as a pump 

d) right-sided heart failure 


. The Incidence of congestlve heart fallure in the United 
States per 1,000 patient visits ls: 

a) 2-4 

b) 4-6 

c) 6-8 

d) 10-12 


. Cardlac output usually falls In response to nitroglycerin in 
patients not In heart failure. 

a) true 

b) false 


. The plasma nitroglycerine concentration represents ap- 
proximately of the total body nitroglycerin stores at 

any 1 time. | 

a) 596 

b) 196 

c) 1096 

d) 2096 





. Which of the following Is not an important compensatory 

mechanism in congestive heart failure? 

8) an increase in heart rate l 

b) the abillty of the heart to hypertrophy in response to an 
increased load 

c) the ability. of peripheral tissue to extract more oxygen 
from blood 

d) a decrease In stroke volume 


activity for 2 credit hours In Category 1 of the Physician’s Recognition Award of the American Medical Association. 


8. 


10. 


11. 


12. 


13. 


14. 


In a 1983 study, the greatest number. of patlents with 
congestive heart fallure were seen Haye 

a) Internists 

b) family practitloners 

C) cardiologists 


. According to Cohn, the regimen most likely to provide 


round-the-clock nitrate effect for a patient with heart fall- 

ure is: 

a) large doses of transdermal! preparation 

b) the oral administration of 100-mg hydralazine with 40- 
mg isosorbide dinitrate 

C) isosorbide dinitrate given orally, 40 to 80 mg, 4 times 
dally 


‘The plasma nitrate concentration for venodillation Is —— 


that for arterlovasodilation. 

a) lower than 

b) higher than 

c) approximately the same as 


Blood pressure remains relatively constant up to the level 
of the terminal arteries and arterioles where there is a 
drop In pressure of: 

a) 6096 

b) 8096 

c) 90% 


According to a 1983 study, the favored therapy for pa- 
tlents with congestive heart fallure was: 

a) digitalls preparation 

b) diuretics 

C) vasodilators 

d) antihypertensives 


The Improvement in patlents with congestive heart fallure 
in response to nitrate therapy appears to be directly relat- 
ed to the severity of left ventricular dysfunction. 

a) true 

b) false 


in some patients, the central circulatory or coronary ef- 
fects of nitroglycerin may be beneficlai in addition to the 
perlpheral actions. 

a) true 

b) false 


15. Figure 4 In Parmley's article Illustrates which of the fol- - 


16. 
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lowing concepts? 


a) the importance of preload reserve In maintaining func- . 


tion when afterload Is increased 

b) Increased performance through the reduction of after- 
load in the presence of severe heart failure 

c) the normal relation between velocity of shortening and 
afterload 

d) all of the above 


in a study of patlents between 1949 and 1966, the most 


common precursor of congestive heart failure was found 


. tobe: 


17. 


8) coronary artery disease 
b) hypertension 


.C) dramatic heart disease 


The breakdown in the dose-response relation of nitrate 
plasma concentrations In patlents with congestive heart 
fallure Is thought to be due to: 

a) the addition of 6 blockers or clmetldine 


18. 


19. 


20. 


b) reduced renal functlon in older patients 
C) failure to take the drug before meals 
d) the action of the metabolites of long-acting nitrates 


Safe and highly effective newer inotropic drugs have now 
found widespread clinical use. 

8) true 

b) false 


A persistently increased central venous pressure is an 
indication for: 

a) discontinuation of nitrate therapy 

b) a higher dose of nitrate 

c) reduction of diuretic therapy 


The major drawback to therapy with angiotensin convert- 
ing enzyme Inhibitors. in heart fallure is their tendency to 
reduce arterlal pressure. 

a) true 

b) false 


Answer Sheet on page 26A. 
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Role of Nitrates in Congestive Heart Failure 


instructions: Mark the appropriate box with an “X.” 
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Introduction 


EUGENE BRAUNWALD, MD 


Heart failure generally is defined as the condition in 
which an abnormality of cardiac function is responsible 
for failure of the heart to pump blood at a rate com- 
mensurate with requirements of the metabolizing 
tissues. Congestive heart failure (CHF) is a serious ill- 
ness that affects more than 3 million Americans. Hos- 
pital discharge statistics suggest that it is increasing in 
frequency; approximately 250,000 new cases occur each 
year. Heart failure is associated with a poor progno- 
sis—probably because, once it becomes chronic, the 
various compensatory mechanisms available to the 
heart have been largely exhausted.'? These compen- 
satory mechanisms include maintenance of contractility 
through enlargement of sarcomeres (the Frank-Starling 
mechanism), development of cardiac hypertrophy, 
stimulation of contractility by adrenergic neuro- 
transmitters and redistribution of an inadequate cardiac 
output to vital organs.? 

Treatment of CHF has passed through several stages. 
Withering's recognition 2 centuries ago of the value of 
foxglove in the treatment of dropsy ushered in the use 
of an inotropic agent, digitalis—at first on the mistaken 
assumption that it was a diuretic. During this century, 
it has become clear that cardiac glycosides are primary 
positive inotropic agents, but it is equally evident to any 
clinician who has used these drugs that they are not very 
potent and that their therapeutic:toxic ratio is relatively 
low. Indeed, digitalis is such a weak inotropic agent that 
only in the past decade has it been demonstrated un- 
equivocally to be of benefit in some patients with CHF 
in sinus rhythm. 


From the Cardiovascular Division, Department of Medicine, Brigham 
and Women's and Beth Israel Hospitals, Harvard Medical School, 
Boston, Massachusetts. 


1B 


Diuretics are perhaps the most widely used drugs in 
the treatment of chronic CHF today. Although these 
agents are extremely effective, they do not act on the 
cause of heart failure; instead, they tend to reduce so- 
dium and water retention, a principal complication of 
heart failure. 


During the 1970s, vasodilators were introduced into : 


clinical practice. These agents act principally by de- 
creasing the burden placed on the weakened cardiac 
pump, and they too are frequently effective in the 
management of heart failure. Important questions re- 
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main, however, as to their effectiveness during exertion 
and over prolonged periods of time.* Some vasodilators 
improve hemodynamics but not the patient’s clinical 
state. Others improve both hemodynamics and clinical 
state, but the results do not seem to be sustained be- 
cause tolerance to the drug may develop or the under- 
lying disease may advance. Most importantly, the ef- 
fects of vasodilators on quality and duration of life in 
patients with chronic heart failure remain to be clari- 
fied. Despite the voluminous published findings on the 
subject and the widespread use of many vasodilators, 
only one of these agents has been approved for treat- 
ment of heart failure by the Food and Drug Adminis- 
tration (FDA). 

Many patients with severe heart failure remain 
symptomatic or become symptomatic again as their 
underlying myocardial disease advances, despite si- 
multaneous application of cardiac glycosides, diuretics 
and vasodilators in conjunction with reduced physical 
activity and reduced sodium intake. 

These considerations have prompted a search for 
other inotropic agents that might stimulate the failing 
heart. Although -adrenergic agonists are logical can- 
didates for this role, their use has been most beneficial 
when they are administered intravenously in an inten- 
sive care unit. Chronic therapy with sympathomimetic 
amines appears to be limited by development of toler- 
ance to their inotropic effects? and by serious adverse 
reactions that include sinus tachycardia, ventricular 
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tachyarrhythmias and precipitation of myocardial 
ischemia. 

With these deficiencies of current pharmacotherapy 
of chronic heart failure, the stage was set in 1978 for the 
description by Farah and Alousi? of the bipyridine 
amrinone, an inotropic agent that also possesses potent 
vasodilator properties. This drug— which does not ac- 
tivate adrenergic or histaminergic receptors and has no 
glycoside-like action but appears to act primarily as a 
phosphodiesterase inhibitor—exerts significant bene- 
ficial hemodynamic effects. Amrinone has recently been 
made available for intravenous clinical use in the United 
States by the FDA, and the articles in this symposium 
review many clinical aspects of this interesting new 
drug. 
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Pathophysiology of Cardiac Failure 


—_— 


KARL T. WEBER, MD, JOSEPH S. JANICKI, PhD, and CAROL S. MASKIN, MD 





The gulhophysiolodic mp of heart fallure Is Ini- 


output Is Severe decreased and lactic acid is 


listed by. myocardial fallure that accompanies a - 


uction In myocardial contractility secondary to 
:+hemic or myopathic heart disease. Reduction in 
ardlac output and oxygen delivery to the tissues Is 
followed by vasoconstriction that raises systemic 
vascular resistance to preserve systemic arterlal 


pr 
As a consequerice, however, impedance to left 


` ventricular ejection is Increased, creating an addi- © 


tlonal hemodynamic burden for the falling heart. A 
vicious cycle ensues. 


|Hemodynamic features of acute cardiac failure 


Include decreases in cardiac output and mixed ve- 
nous O, saturatlon, together with Increases in left 


qu filling pressure and systemic resistance. 
if 


ypotension Is present with fallure, there Is a. 


rkedly decreased cardiac output or an inappro- 
priate increase in systemic resistance. If acidosis 


increased. 
. A major objective of medical therapy In acute 


| heart failure is to enhance ventricular emptying, 


thereby increasing cardlac output and O; delivery 


. while decreasing left ventricular filling pressure, 


ire while maintaining regional O, availàbllity. - 


pulmonary venous pressure and vascular resistance. 
Potent Intravenous drugs that have a positive ino- 
tropic effect on the myocardiumi, including amrinone 
and dobutamine, have been shown to Increase 


. ventricular emptying In patients with acute heart 


failure. Intravenous amrinone Improves pump per- | 
formance without adversely raising myocardial O; 


, consumption, . thereby enhancing myocardial effi- 


ciency. These drugs also promote a degree of 
vasodilation through both direct and secondary et- 
fects on the systemic circulation. Potent loop di- 
uretics also heip decrease ventricular filling pressure 


by promoting rapid sodium and water clearance. 


(Am J Cardiol 1985;56: 3B-7B) 
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The heart and lungs represent the body's gas transport 


gyBtem, which links the internal respiration of the me- 


tabolizing tissues to the atmosphere. Oxidative me- 
tabolism, which provides the energy to sustain most 


biologic functions, including life itself, requires oxygen. 


1e heart must deliver O; to the tissues at a rate in ac- - 


dance with their aerobic requirements; inability to 

do so is a physiologic definition of heart failure. . 
Acute heart failure is seen most often with acute 
myocardial infarction, an exacerbation of chronic car- 
diac failure, and after open heart surgery. It generally 
^ resent when the cardiac index falls between 2.0 and 
S del min/m?. Hypotension appears when this index 
tween 1.5 and 2:0 liters/min/m? and lactic acidosis 

a RE when it is «1.5 liters/min/m?. 


) present with hypotension and failure, cardiac — 


accompanied by improved regional distribution of blood 
flow that.can be sustained during long-term therapy. 

According to the National Center for Health 
Statistics (unpublished data), the past decade has seen 
a tripling of thé annual incidence of patients discharged 


. from the hospital with the diagnosis of congestive heart. 


failure (CHF). A recent report from the: National In- 
stitutes of Health! suggests that CHF is the most 
prevalent cause of death in hospitalized patients. It 
is reasonable to assume that the treatment of 
CHE represents a major challenge to the practicing 


. cardiologist. 


E Irrespective of the etiologic basis of the disease, in- 


vasive monitoring of hemodynamics (i.e., right atrial, 


: wedge and arterial pressures) and Os availability (i.e., 


The therapeutic objective in acute failure is is aug- - 
ment left ventricular performance, relieve pulmonary - 


congestion and restore. adequate systemic, tissue per- 
fusion. In patients with chronic cardiac failure com- 
plicated by an acute exacerbation of congestive symp- 
oe improvement in cardiac performance must be 
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Center, University of Chicago, Chicago, Illinois: 
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cardiac output, mixed venous Ox saturation or both) in 
an intensive care setting is mandatory to characterize 
the severity of disease and to judge the patient’ 8 re- 
sponse to therapeutic intervention. Principles governing 
the treatment of acute CHF include an understanding 
of: (1) the nature and severity of underlying disease; (2) 
the role of such associated conditions as infection and 
anemia, which may precipitate heart failure; (3) the 
pathophysiology of heart failure in the acute and 
chronic setting; and (4) the pharmacologic basis of 


l medical meray: 


' 4B A SYMPOSIUM: AMRINONE 


Pathophysiology 


Oxidation of carbohydrates and fats is the major 
source of chemical energy from which cells sustain their 
many biologic functions. Oxidative metabolism ċannot 
take place without Os. As oxidative metabolism is con- 
suming Os (VO;), carbon dioxide (CO;) is being pro- 
duced (VCO;). Os and VCO» by the tissues, together 
with the resultant exchange of these respiratory gases 
with the capillary blood of the systemic circulation, is 
termed internal respiration (Fig. 1). | 

Cellular respiration therefore mandates that the 


tissues be linked to the atmosphere for their supply of - 


Og and for elimination of the metabolic end product, 
CO». The process whereby these 2 respiratory gases are 
exchanged between the atmosphere and the alveolar 
capillary blood is termed external respiration. 

Transport and exchange of Oz and CO: are performed 
by the heart and lungs, together with hemoglobin. The 
lungs provide the exchange surface for the body's supply 
of Oz and its expulsion of COs, while the heart is re- 
sponsible for the delivery of these gases to and from the 
tissues and thé lungs. In physiologic terms, heart failure 
may be defined as that circumstance in which Os de- 
livery to the tissues is inadequate relative to their aer- 
_obic requirements. 

The heart's ability to deliver Oz to the tissues may be 
compromised by a host of cardiovascular diseases. Katz 
et al? have suggested that diseases not affecting the 
myocardiuni (e.g., constrictive péricardial or valvular 
heart disease) should be consideréd as causes of circula- 
tory failure, whereas ischemic or myopathic heart 
disease should be viewed as causing cardiac or myocar: 
dial failure. This article focuses solely on cardiac 

failure. | 


Oxygen Availability 


The availability of O» to the tissues is central to the 
pathophysiology of heart failure. Oxygen availability 
is a function of Os delivery to the tissues and O2 ex- 

traction from the systemic capillaries by the tissues. The 
rate at which Os is transported to the tissues is termed 
Oz delivery; it is equal to the product of cardiac output 





FIGURE 1. Schematic representation of the body’ s exchange and 
transport of respiratory gases O; and CO}. The heart and lungs, together 
with nemestooln: link the metabolizing tissues with the atmosphere. 


‘and arterial Os coit From the 0s delivered to the 


capillaries, a certain amount of Os is extracted. Oxygen 
extraction may therefore be estimated from the ratio 
of the arterio-venous Oy» difference to the arterial Os 
content. 

Oxygen delivery normally equals 950 ml/min. It can 
be estimated by monitoring cardiac output and arterial 
O» content and their various components. Cardiac 
output averages 5,000 ml/min and is a function of the 
heart’s frequency of contraction and the volume of 
blood ejected per contraction. Arterial Os content av- 
erages 19 ml/100 ml of blood and is related to the he- 
moglobin concentration, its degree of O; saturation and 
its Oz combining capacity. 

In patients with acute cardiac failure in who alow 
cardiac output is charácteristic, it is obviously necessary 
to monitor tissue O; availability. In the intensive care 


- getting, O availability can be monitored by measuring 
` the cardiaé output, which reflects Os delivery, or the O5 


saturation of mixed venous blood in the pulmonary 
artery, which indirectly reflects both the level of Os 
extraction and. Ox delivery. 

Because the amount of hemoglobin in venous and 
artérial blood is essentially the same, the amount of Os 
leaving the capillaries is represented by the Os satura- 
tion of venous blood. The O» saturation of the mixed 
venous blood observed in the pulmonary artery is 
therefore an estimate of systemic blood flow and the 
body's overall extraction of Os. 

In Figures 2 and 3, mixed venous Os saturation (SvO;) 
is shown in relation to resting cardiac óutput and ar- 
terio-venous Os difference, respectively. As cardiac 
output falls; SvO» declines commensurately with en- 
hanced Os extraction by the tissues, and the arterio- 
venous Ox difference widens. 

When Oz availability relative to tissue O 2 uptake is 
inadequate, the cells use less efficient anaerobic sources 
of energy. Anaerobic cells produce lactate, which ap- 
pears in the venous blood draining these tissues. If 
lactate production is of sufficient quantity, it leads to 
the appearance of a metabolic acidosis that further 
complicates the low cardiac output state. The lactate 
concentration of mixed venous blood rises above 12 mg 
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FIGURE 2. Relation bétween resting cardiac output and mixed venous 
Oz saturation. As cardiac output decreases, O» saturation declines 
commensurately with an eund level of O, extraction by the | 
tissues. 
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% tie, the upper limit of normal i in our laboratory) and - 


causes a metabolic acidosis when the O» saturation of 


mixed venous blood is «3596, which corresponds tòa 


cardiac output of <1.5 liters/min/m? arid an arterio- 


venous O; difference of >12 vols % or >60% 02 extrac- . 


tion (Fig. 4). 


Arterial blood pressure is a function of cardiac output : 


i vascular resistance of the syatemic circulation: 


Normally, mean arterial pressure equals 80 mm Hg, _ 


because the resting cardiac output averages 5 liters/min 
and the vascular resistance averages 1,280 dynes s cm? 

Ex en when cardiac output falls to one-half its normal 
value i in patients with acute heart failure, mean arterial 


p e is preserved as systemic arterioles vasoconstrict 


double vascular resistance. Systemic hypotension, 

or| shock, iritervenes when cardiac output falls below 
2 liters/min or if vascular resistance fails to increase 
appropriately. 

The i increase in vascular resistance occurs as an Or- 
dered j process, with several regional circulations dem- 


trating a preferential vasoconstriction relative to . 
eos Reapportionment and redistribution of systemic 5 


oe flow occur in relation to Os requirements of 


he tissues. and O2 availability. In all likelihood, the 


rehpportionzhent is mediated largely by a varying 


population or sensitivity of œ receptors within each . 


circulation. The skin and kidney, for example—which 
extract only 6 and 7% of their arterial Os content, re- 
spectively, and .are sensitive to circulatory catechol- 
eer i able to have their blood flow reduced 
ough vasoconstriction without compromising their 
0; availability. An enhanced extraction of Os by the 
kidney or skin, in the face of reduced Oz delivery, süs- 
its oxidative metabolism and preserves cell 
‘ai | 


'Thus, the pathophysiologic cycle of heart failure is. 


pet by. myocardial failure accompanying a dectease 
myocardial contractility secondary to ischemic or 


opathic heart disease. A decrease in cardiac output. 


id tissue O» delivery is followed by an ordered process 
o! |vasconstriction that i increases systemic vascular re- 
istance to preserve systemic arterial pressure while 


rebantainine regional Os availability. As a consequence 


( vols: 96 ) 
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FÍGU 3 sinon Betweod ins arerioen (AVI Ordinas 
the systemic circulation and the O; saturation of mixed venous 


blood. Oxygén saturation decreases as tiesue Dj extraction increases,- 


and the A-V O2 difference becomes greater... 


- TABLE | 


Acidosis, hypotension i de 
. and failure 
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. Hemodynamic Features of Acute Cardlac Failure 


- Condition. Feature 

: Failure alone - Mcr eon d 

l ux : * min/m 
. Decreased SvO2 («5596) . 
' Increased LV filling pressure (> 15 mm noel 
i increased piscis resistance (> 1,800 
Tm s cm 
Hypotenslon and edly decreased cardiac output (1.5 to 

failure - 2.0 liters/min/m*) 


deu else increase in systemic l 


decreased cardiac output (<1.5 
liters/min/m?) 
Increase Ín lactic acid 


LV = left ventricular;-SvO. = = mixed-veríous O; saturation. 


of this increased vascular resistance, however, the im- 
pedance to left ventricular ejection is increased. For the 
failing heart, this represents an additional hemody- 


namic burden. À vicious cycle ensues, with both a de- 


creage in myocardial contractility and an increase in 


vascular impedance fostering low cardiac output. 


Hemodynamic Profile 

"The hemodynamic features of acute cardiac failure 
may be broadly characterized (Table I). Cardiac index 
is generally reduced to 2.0 to 2.4 liters/min/m?. As a 
result, systemic Os éxtraction is increased and SvO, falls 
to 55%. Because of decreased ventricular emptying, 
left ventricular filling pressure typically exceeds 15 mm 
Hg, while systemic vascular resistance increases in ex- 
cess of 1,600 dynes s cm~5, Hypotension complicates the 
clinical picture if cardiac index is markedly reduced to. 
1.5 to 2.0 liters/min/m? or less, or if vascular resistance 
fails to increase appropriately. The latter may occur 


. when sepsis complicates the clinical picture or if certain 


drugs are being administered (e.g., vasodilators or 
phenothiazines). Finally, lactic acidosis compounds the 


-. hypotensive failure state if cardiac index is severely 


reduced to 1.5 liters/min/m? or less. 
.. Patients wth acute myocardial infarction and car- 


. diogenic shock are typical of this hemodynamic state. 
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FIGURE 4. Relation between the lactate concentration of mixed venous 
blood and the mixed venous O2 saturation. Lactate production and 


_ metabolic acidosia occur when Oz saturation falls below 3596. 


6B A SYMPOSIUM: AMRINONE 


Figure 5 shows the hemodynamic data obtained in pa- 
tients with an acute anterior or inferior infarction and 
a systolic arterial pressure of <90 mm Hg.? In patients 
with a cardiac index of <2 liters/min/m? and a left 
ventricular filling pressure of >15 mm Hg, survival was 
only 4%. It should be noted that some patients with an 
acute myocardial infarction and a similar decrease in 
cardiac index may have a low filling pressure. This ob- 
servation underscores the need for hemodynamic 
monitoring. 


Management 


A major objective of medical therapy is to enhance 
ventricular emptying. Cardiac output and Oz delivery 
are to be increased, while left ventricular filling pressure 
and pulmonary venous pressure are to be decreased. In 
the broadest terms, cardiac index should be raised to 2 
liters/min/m? or more, SvO; should be raised to >50%, 
and filling pressure should be reduced to <20 mm Hg. 
The optimal level of each variable, however, must be 
based on the hemodynamic and clinical response of each 
patient and the relative chronicity of cardiac failure. À 
decrease in calculated vascular resistance accompanies 
an increase in cardiac output. À targeted level of vas- 
cular resistance of approximately 1,900 dynes s cm"? is 
reasonable as long as mean arterial pressure remains in 
the 70 to 80 mm Hg range to ensure systemic perfu- 
gion— particularly of the heart, brain and kidneys. 

In general, each of these hemodynamic objectives can 
be satisfied with the use of a potent intravenous drug 
that has a positive inotropic effect on the myocardium. 
Such agents as amrinone and dobutamine have been 
shown to increase ventricular emptying in patients with 
cardiac failure.59 Intravenous amrinone improves pump 
performance without adversely increasing myocardial 
Oz consumption,®’ thereby enhancing myocardial ef- 
ficiency or the ratio of work performed to Os consumed. 
These drugs also promote a certain degree of vasodila- 
tion through both direct and secondary effects on the 
systemic circulation. 

Intravenous nitroprusside, a potent vasodilator with 
balanced effects on the arterial and venous circulation, 
is also useful in improving cardiac performance in pa- 
tients with acute heart failure." The potent loop di- 
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FIGURE 5. eedem: features and mortality observed in patients 
who had systemic hypotension after an acute anterior or inferior 
myocardial infarction. Cl = cardiac index; LVFP = left ventricular filling 
pressure. Reprinted with permission from Am J Cardiol.’ 
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uretics such as furosemide, administered intravenously, 
promote rapid sodium and water clearance and thereby 
also aid in decreasing left ventricular filling pressure. 

In patients in acute heart failure and shock, mean 
arterial pressure and systemic perfusion must be pre- 
served. Enhanced ventricular emptying with vasocon- 
striction of systemic arterioles is needed. Dopamine or 
norepinephrine may be better suited for these patients 
than amrinone or dobutamine. Dopamine, however, has 
less inotropic potency than the other positive inotrbpic 
agents. In selected patients, dopamine combined with 
dobutamine or amrinone may be useful. Intraaortic 
balloon counterpulsation may be required in advanced 
cases that respond poorly to medical therapy.? 

Measurement of occlusive wedge pressure may 
make it apparent that some patients with acute heart 
failure are relatively volume-contracted. These patients 
require intravenous fluids to increase their left ven- 
tricular filling pressure and cardiac output. The optimal 
level of filling pressure is generally 15 to 18 mm Hg, . 
but it must be individualized for each patient on the 
basis of his intravascular volume and left ventricular 
compliance. 

The ultimate selection of any drug or combination of 
drugs should be based on each patient’s relevant he- 
modynamic profile. As noted, the measurement of SvOs 
adds much valuable information to the evaluation and 
management of Os delivery and Os extraction. It can 
now be obtained at the bedside from a fiberoptic bundle 
that has been incorporated into the triple-lumen flo- 
tation catheter. Measurement of SvO» also reduces the 
need for repeated injections and measurements of car- 
diac output by thermodilution. 

Management of a patient with exacerbation of 
chronic cardiac failure follows many of the principles 
outlined for acute heart failure. In chronic cardiac 
failure, however, additional attention must be given to 
pathophysiologic responses that were established over 
a long period of time and contribute to the chronic state 
of hypoperfusion and congestion. Áctivation of the 
neuroendocrine system, alterations in vascular auto- 
regulation that may accompany structural changes in 
vascular smooth muscle and the salt-acquisitive kidney 
are examples of these compensatory mechanisms. It is 
because of these responses, for example, that ambula- 
tory patients are able to tolerate a low mean arterial 
pressure without developing syncope or shock-like 
syndrome. But these responses also adversely affect left 
ventricular performance. 

Thus, treatment goals should focus not only on im- 
proving cardiac performance and maintaining mean 
arterial pressure but also on improving regional perfu- 
sion. Treatment strategies include use of nonspecific 
agents such as nitrates as well as inotropic agents, di- 
uretics and various vasodilator agents that have a spe- 
cific mechanism of action (e.g., captopril). 

The rationale for the use of intermittent infusion of 
a potent intravenous inotropic agent such as dobuta- 
mine!9-1? or amrinone is that a relatively short-term 
infusion, given over hours or days, may have sustained 
hemodynamic and clinical benefits. The efficacy and 
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safety of this concept are under evaluation in current 
clinical trials. 
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Intravenous Use of Amrinone for the Treatment 
of al Failing Heart 


DONNA MANCINI, MD, THIERRY LeJEMTEL, MD, and EDMUND SONNENBLICK, MD 


Amrinone, a new nonadrenergic, nonglycosidic 


agent with combined: positive Inotropic and vaso- 
dilating properties, was approved recently for par- 
enteral use in the treatment of left ventricular fallure. 
Its mechanism of actlon Is mediated primarily by 
selective phosphodiesterase fraction iii inhibition, 
although at high doses alteratlons of calcium 
transport may occur: Acute hemodynamic changes 
produced by amrinone include augmentation of 
cardiac output and decreases in pulmonary Ta 


.Amrinone (5-amino-3,4’-bipyridin-6(1H)-one), the 


prototype of a new. class of nonglycoside, noncatechol- 
amine cardiotonic agents, is now available for paren- 
teral use in the treatment of heart failure (Fig. 1). It 


possesses significant. positive cardiac inotropic and . 


. vasodilatory properties, which can be beneficial in the 
management of patients with severe congestive heart 
failure (CHF).1-? 

In mild heart failure, preservation of hyori is 
a primary therapeutic goal, and stimulation of the 
myocardium may not be warranted. In severe failure, 
. however, with substantial derangement of the circula- 
tion, limited cardiac output and central congestion, 
inotropic agents and vasodilators may be quite 
useful.4 

The therapeutic value of inotropic agents is predi- 
‘cated on the assumption that the failing myocardium, 
like the normal heart, has residual myocardial con- 
. tractility that can be elicited and sustained if the heart 
is appropriately stimulated. The level of partial acti- 
vation is determined by the amount of activating cal- 
cium made available to the contractile system with each 
beat.5.6 Experimental work in animals has shown 
myocardial reserve;’ in the failing human heart, residual 
contractile activity is suggested by postextrasystolic 
potentiation.5? 
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wedge pressure, right atrlal pressure and Ende 
vascular resistance. Heart rate and blood pressure 
remain unaltered. Myocardial oxygen consumption 
declines concomitantly with the decrease In systolic 
wall tension. The efficacy of amrinone is comparable 


. to that of dobutamine and dopamine. Synerglstic 


interactions with catecholamines and vasodilators‘ 
are described. Adverse effects are minimal, with 
dosage limited predominantly by decreases In filling 
pressures, — (Am J Cardiol 1985;56:8B-15B) 


In both the failing and normal hearts, an increase in 
the amount of calcium available to activate the con- 
tractile system can be achieved through a variety of 
mechanisms. These include inhibition of sarcolemmal 
sodium-potassium ATPase,!° an increase in cyclic 
adenosine monophosphate (cAMP) by either stimula- 
tion of adenyl cyclase or inhibition of phosphodiesterase 
(PDE)! and, perhaps, sensitization of the contractile 
apparatus to a given amount of calcium. 12 


Mechanism of Action 
Pivotal in the action of amrinone and other Jalan 


. cardiotonic agents is selective inhibition of PDE fraction 


III,33 although at higher doses calcium transport alter- 
ations may also be involved (Fig. 2).14 

In 1979, Alousi et al! demonstrated the positive i ino- 
tropic and vasodilatory properties of amrinone in iso- 


. lated heart tissue and in the dog, without significant 


lowering of blood pressure or increase in heart rate. The 
positive inotropic effects of amrinone were not affected 
by 8-adrenergic blockade, by depletion of cardiac nor- 
epinephrine by reserpine or by metiamide, atropine, 
phenoxybenzamine hydrochloride or chlorisondamine. 
Thus, sympathetic, histaminic, cholinergic, a-adren- 
ergic and ganglionic modes of stimulation were effec- 
tively eliminated. Moreoever, amrinone did not inhibit 
sodium/potassium ATPase, the biochemical alteration 


. associated with digitalis glycosides. 


In 1981, Levine et al!^ reported PDE inhibition by 
amrihone in the toad urinary bladder and postulated . 


a similar cardiac mechanism. Subsequently, Endoh et 


ali6 and Honerjager et al? demonstrated an increase in 


` 
r 
. 
x’ 
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cAMP and inhibition of PDE in myocardial cells. "When 

PDE is inhibited, cAMP content is augmented and its 

effects are enhanced, mediating increased contractility 

and vasodilation. 

| Experimental evidence for a cAMP-mediated i ino- 

tropic action of amrinone is manifold:19.17 | 
1. Amrinone inhibits purified samples of PDE Gin 
canine and guinea pig myocardium with a potency 
comparable to that of theophylline. 

; Myocardial cAMP content is increaséd 3.5- fold i in 
guinea pig myocardium, while cyclic guanosine 
monophosphate (cGMP) remains unchanged. An. 
excellent correlation exists between the time 
course of the force of contraction, the degree of 
contraction and the myocardial cAMP content. 

3. Carbachol markedly depresses. the inotropic re- 

_ sponse of amrinone, with virtual elimination of its 
effects at low doses. Selective inhibition of 
cAMP-mediated inotropic effect without alter- 
ation of calcium or a-adrenergic-provoked re- 
sponses is afforded by this muscarinic agent. Like 
all other members of its class, carbachol increases 
the myocardial content of cGMP. 

At a concentration that produces <10% of its own 
maximal inotropic effect, amrinone markedly 


! 


et 


RR Deed nocens ail ll 





at lI — he ee i a 1 
" 


A 
* 
l——— ——————— — ————M m" — RS 
. . iA 
, 
B + 


Aa 


B 
receptor 


Membrane 








RE 2. Postulated mechanism of 
of amririone. Ca =.calclum, 1 = 

: = glow 

inward calcium current; PDE = phos- 
hodiesterase; X denotes Inhibition. 


ji 


. High doses: 
po: ^ . of amrinone 


Decrease rate of 
relaxation; 
: increase affinity of 
contracte proteins for Cat 


Ct oats r -A 


inhibition 


`“. Adenyl 


: 5'AMP 


Mr D ^ 


CAMP z^ 
`. 


Protein kinase activated 


^. July 22, 1985; THE AMERICAN JOURNAL OF CARDIOLOGY Volume 58 9B 





FIGURE 1. Structural formula of amrinone. Asterisk. denotes the 
probable active site of this molecule. l 


.: potentiates the inotropic effects of both isopro- 
` terenol and histamine. Interaction with di- 

. hydro-ouabain 18 merely additive. 
. 5. Electrophysiologic data reveal an increase in 
maximal velocity with overshoot of the slow re- 
sponse, indirectly indicating potentiation of the 
` slow inward current by amrinone. Increased entry 
= of calcium ions with cardiac cells is mediated by 
. cAMP through the slow inward current probably 
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by an increase in the number of functional calcium ` 


channels. Moreover, amrinone restores contrac- 
- tility to potassium depolarized cells. 

In 1982, Kariya et al!3 demonstrated amrinone’s se- 
lective PDE fraction III inhibition, which distinguishes 
it from drugs of the theophylline type. 

Phosphodiesterases are virtually ubiquitous in bio- 
logic systems as a consequence of the crucial role cyclic 
nucleotides play in intracellular metabolism. Hydrolysis 
catalyzed by these enzymes constitutes the major if not 
the sole means of cyclic nucleotide degradation. Phos- 
phodiesterases occur in both particulate and soluble 


forms in cells, and biochemical isolation processes have . 


identified 3 major isoenzymes: PDE I, II and UL All 3 
fractions are present in all tissues, with the possible 
exception of erythrocytes and rat adrenal cells, but the 


relative concentration of these enzymes varies in dif- ` 


ferent organ systems. 
Each enzyme has a unique maximal velocity, Mi- 
chaelis constant and substrate specificity. The distin- 


guishing features of PDE III are its particulate form, ` 


which suggests a probable cellular membrane location, 
and its selectivity for cAMP. In contrast, PDE I and II 
hydrolyze both cAMP and cGMP.!9-7. 

Amrinone, milrinone (its structural derivative, which 
is 30 to 40 times more potent) and such other experi- 
mental inotropic vasodilating agents as CI-914 (Warner 
Lambert) and MDL 17,043 (Merrell Dow) exhibit 
similar selective competitive inhibition of PDE III. 
They differ from traditional PDE inhibitors such as 
theophylline and papaverine in that they significantly 
inhibit all 3 PDE fractions. With the inhibition of PDE 
III, cAMP breakdown is reduced and the augmented 
cAMP myocardial content potentiates calcium** de- 
livery to the contractile system. 

'The direct dilating effects of amrinone on peripheral 
arteries and veins have been demonstrated in both ex- 
perimental?4 and clinical studies.” Again, these effects 
are probably mediated by selective PDE III inhibition. 
In rabbit aorta, amrinone produced a 70% increase in 
cAMP content over control level, Pretreatment of this 
vascular smooth muscle with:amrinone inhibited nor- 
epinephrine-induced calcium uptake in a dose-depen- 
dent manner.” This decrease in calcium uptake evoked 
by elevated cAMP levels leads to vasodilation.?! 

In patients with CHF, amrinone reduced forearm 
vascular resistance and increased venous compliance. 
Further vasodilation could not be elicited by additional 


treatment with nipride, phentolamine or, isosorbide: 


dinitrate.28 Long-term amrinone therapy resulted in a 


persistent. decline in systemic vascular resistance de- `. 


spite clinical progression of heart failure, thus implying 
a direct vascular effect of amrinone rather than a re- 
flex-induced sympathetic withdrawal. 


Although selective PDE inhibition is paramount to | 


amrinone's inotropic effect, it may not be the sole means 
by which amrinone exerts its action; at high concen- 


trations, alterations in calcium transport may bé a` 


contributing factor. Amrinone increases calcium influx 
in dog erythrocytes that possess minimal or no PDE but 
do contain a system for passive calcium and sodium 
movements similar to the calcium-sodium exchanges 


initially described in cardiac muscle. Alterations in 
intra- or extracellular sodium varied the calciüm re- 
sponse evoked by amrinone, implicating a sodium- 
dependent pathway.?! At concentrations of amrinone 
that produce a maximum rise in contractility, the en- 


- hanced intracellular calcium accumulation in erythro- 


cytes occurred in 4 hours, whereas in cardiac tissue 
dP/dt increases are observed in 2 minutes.!* Further- 
more, in cardiac myocytes, amrinone augments calcium 


- uptake in a dose-dependent manner by 5096 in as fast 


as 30 seconds. 

Amrinone exhibits a biphasic effect on relaxation ' 
time, shortening it at low doses and prolonging it at high 
ones, thus paralleling the actions of theophylline and 
caffeine.!? These 2 agents, at high concentrations, in- 
terfere with the storage of calcium ions in myocardial 
cells and increase the sensitivity of contractile proteins 
for calcium**.1? This latter effect predominates at 


~ physiologic doges.?? 


Differential cardiac protein Bhoscharfiam pro- 
duced by amrinone reflects both cAMP- and calcium- 
mediated mechanisms.!^ At high doses, amrinone’s 
substantial inotropic effect is merely diminished by 
carbachol!*!" At supraphysiologic concentrations, a - 
reduction in mitochondrial calcium accumulation is 
observed, although no alterations in calcium transport 
in the sarcoplasmic reticulum are found. 28 

Thus, amrinone possesses both an inotropic and a 
direct peripheral vasodilatory action, mediated pri- 
marily by selective inhibition of PDE IL At high doses, ` 
alterations in calcium transport may contribute to its 
effect but may also add to its toxicity. Amrinone’s rel- 
ative vasodilator and inotropic effects may vary de- 
pending on dose, the patient's clinical status and the 
myocardial content of cAMP. 


Acute Hemodynamic Effects 


The acute hemodynamic effects of parenteral and 
oral amrinone generally have been studied in patients 
with refractory class III and IV CHF who continued to . 


receive optimal doses of digoxin and diuretics while 


vasodilators were withheld. Amrinone has been con- 
sistently shown to increase cardiac index by 30 to 112% 
while decreasing: pulmonary capillary wedge pressure 
by 16 to 5396, right atrial pressure by 36 to'44%, systemic 
vascular resistance by 28 to 41% and pulmonary vascular 
resistance by 24 to 50%. Heart rate and blood pressure 
generally have remained unchanged.?3,34-37 The etiol- 
ogy of the heart failure has not affected the Response to 
amrinone. . 

Ina study by LeJemtel et al? of 8 patients th Severe 
CHF receiving an average amrinone bolus dose of 2.5 
mg/kg, cardiac index rose from 1.8 to 2.74 liters/min/m?. 
This study reported decreases in pulmonary capillary 
wedge pressure from 25.8 to 19.5 mm Hg, in right atrial 
pressure from 8.8 to 6.5 mm Hg, in systemic vascular 
resistance from 2,035 to 1,448 dynes s cm~® and in pul- 


‘monary: vascular resistance from 308 to 211 dynes 


s cm ?, Heart rate and mean aortic pressure were 


unaltered (Fig. 3). 


Similarly, Benotti et al,” using 1. 8 to 3.5 mg/kg am- 
rinone boluses in 8 patients with severe heart failure, 
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demonstrated an augmentation in cardiac index of 1.8 
to 2.6 liters/min/m?, with a decrease in pulmonary 
capillary wedge pressure from 25 to 14 mm Hg. À mild 
decrease in mean blood pressure from 86 to 80 mm Hg 
was reported, with no significant change in heart 
rate. 

No attenuation of effect was reported after 7 days of 
parenteral amrinone therapy in a study involving 5 
patients with CHF. Ejection fraction, as measured by 
ragionuclide angiography, rose in these patients from 
21 to 2996.99 

A direct linear correlation exists between the per- 
centage increase in cardiac index and amrinone plasma 
concentration over a range of 0.5 to 7 ug/ml (Fig. 4).3 
Intravenous amrinone is remarkably free of adverse 
effects; the limiting factor in dosage is frequently the 
decrease in filling pressures. À 5096 rise in cardiac index 
generally corresponds to an amrinone plasma concen- 
tration of 3.7 ug/ml. Because variations in steady-state 
plasma concentrations may occur on the basis of dif- 
ferences in renal or hepatic perfusion in heart failure 
patients, individualization of therapy is mandated. 

The only real discrepancy in hemodynamic findings 
has been in the measurement of left ventricular dP/dt 
maximum, which has been used as a clinical indicator 
of myocardial contractility. Although several investi- 
gators have reported increases in left ventricular dP/dt 
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FIGURE 3. Acute hemodynamic effects of an amrinone bolus (AM) at 

peak response on heart rate, mean arteríal pressure, cardiac index and 


left ventricular filling pressure in 8 patlents compared with control (C). 
NS = not significant. Reprinted with permission from Circulation. 
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ranging from 21 to 4496,23540 others have failed to show 
consistent changes.* This discrepancy has evoked 
controversy about the inotropic potency of amrinone. 
However, numerous experimental animal studies using 
strain gauges for direct measurement of myocardial 
contractility have consistently documented substantial 
increases after amrinone administration.! 

Some of the variability i in the measurement of left 
ventricular dP/dt maximum may be a reflection of the 
parameters affecting this index.4? Left ventricular dP/dt 
decreases as a function of decreasing filling pressures 
and volume, and it increases as contractility is aug- 
mented. When these 2 effects occur simultaneously, as 
with amrinone, they may cancel each other with variable 
results. 

Furthermore, amrinone's action in the heart is 
predicated on adequate stores of cAMP, which may be 
depleted in the failing myocardium. Indeed, recent 
studies in our laboratory have shown that dobutamine, 
which stimulates myocardial cAMP synthesis, can 
substantially augment the effects of amrinone. Left 
ventricular dP/dt becomes markedly elevated with the 
addition of dobutamine, whereas with amrinone alone 
it is‘ minimally changed. 


Metabolic Costs 


Myocardial oxygen consumption (MVO») is a func- 
tion of systolic wall tension, which is the product of in- 
traventricular pressure and volume, heart rate and 
contractility. In the normal heart, inotropic therapy 
yields minimal changes in intraventricular size or 
pressure; thus, MVO» rises. In heart failure, this increase 
in MVO», is generally outweighed by the decrease in 
ventricular volume and the resultant decline in ven- 
tricular wall tension.*4-48 

Experimental and clinical studies with amrinone 
support these concepts. In the normal canine heart, 
amrinone therapy yielded greater acute myocardial 
ischemic injury as evidenced by an augmentation of 
epicardial ST-segment elevation and intramyocardial 
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FIGURE 4. Relation between Improvement in cardiac Index and plasma 
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carbon dioxide pressure during coronary occlusion.47 
In contrast, in dogs with experimentally induced 
ischemic left ventricular failure, amrinone produced 
significant hemodynamic benefits with a parallel si- 
nificant decrease in MVO$.48. - 

Moreover, potentiation of collateral blood flow ta 
ischemic zones may occur because of: the fall in left 
ventricular filling pressure. f? By maintaining aortic 
pressure while reducing left ventricular end-diastolic 


pressure, the gradient for diastolic coronary blood flow . 


is augmented. With coronary occlusion, this improved 
gradient should produce greater collateral flow to the 
jeopardized myocardium. Thus, amrinone should not 
 worsen ischemia in the failing heart, because theoreti- 
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FIGURE 5. ee ee effects of dobulsmimo and P ER on he- 
modynamic indexes. The Initial response compared with control values 
is Illustrated, demonstrating equivalency-of hemodynamic response 
..to both agents. * = p «0.01; ** = p «0.001; horizontal bars Indicate 
X standard deviation; NS = not significant. Reprinted with permssion 
from Am.J Cardiol.53 


cally it both decreases MVO: and enhances collateral 
blood flow. 

In patients with severe Benk cardiomyopathy, 
amrinone infusions provided significant hemodynamic 
improvements with concomitant decreases in myocar- 
dial arterial-venous oxygen difference arid MVO». 
Coronary blood flow also declined, although the pres- 
sure gradient across the cardiovascular bed remained 
unchanged. Blood pressure, heart rate, myocardial 
lactate extraction and electrocardiogram were without 
significant alteration. Moreover, no patient suffered an 
exacerbation of underlying angina.59-9? 

Thus, in the failing heart, the metabolic price of the 
inotropic effect of amrinone is more than paid in full by 
its reductions in preload and afterload. It therefore ap- 
pears that amrinone is a safe therapeutic agent for the 
treatment of left ventricular failure and left ventricular 
dysfunction complicating acute infarction. ` 


Comparison with inotropic Agents 


The relative hemodynamic effects of parenteral 
amrinone and dobutamine were compared in 10 pa- 
tients with refractory CHF.53 Amrinone was adminis- 
tered at a fixed rate of infusion in al] patients, pre- 
cluding further augmentation in cardiac index by larger 
doses. The dobutamine infusion was titrated, however, 
to optimize hemodynamic effects without inducing 
adverse effects such as tachycardia. Despite this ineq- 
uity of administration, both drugs produced similar 
increases in cardiac index and decreases in filling 
pressures (Fig: 5). Although the initial hemodynamic : 
benefits with amrinone were sustained over a period of 
24 hours (Fig. 6), a modest attenuation of hemodynamic 
effects with dobutamine occurred within 8 hours. 

Additional comparison with ouabain was performed 
in 1 patient who could not tolerate chronic digoxin 
therapy.” Ouabain at a dose of 0.5 mg produced a 29% 
increase in cardiac index, compared with 48 and 52% 
increases for dobutamine: arid amrinone, respectively. 
Although these are data from 1 patient only, they 
probably reflect the relative potency of these cardiotonic 
agents. 

The comparable efficacy of dobutanine T. amri- 
none was corroborated by a similar study involving paren- 
teral amrinone, dobutamine and dopamine in 15 patients 
with CHF.© In contrast to dopamine, amrinone did not 
elevate heart rate or blood pressure and consistently 
lowered pulmonary capillary wedge and right atrial pres- 
sures. Of the 3 drugs, amrinone was best tolerated. | 

Concurrent catecholamine and amrinone therapy is 
only now being investigated.*? Theoretically, these 
agents should be synergistic. The positive inotropic 
action of amrinorie may vary with the myocardial cAMP 

content and therefore should be enhanced after fı- 
adrenergic stimulation. Numerous investigators have 
demonstrated the potentiation of isoproterenol's effects 
by quantities of amrinone that produce a fraction of its 
maximal inotropic capacity.!” Presumably, this po- 
tentiation results from small increases in cAMP that 
then catalyze various protein kinase cascading toward 


‘an increased availability of calcium** to the contractile 


system. 
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Amrinone and Vasodilators 


The augmentation in systemic blood flow produced 
by amrinone is not uniformly distributed. Differences 
in regional perfusion probably reflect the relative con- 
centration of PDE III in various organ microcircula- 
tions. In the normal dog, preferential increases occur in 
the kidney, spleen and liver.°® In patients with severe 
failure, the measured 2496 increase in renal plasma flow 


approximated the increase in cardiac output.9 Skeletal . 


muscle blood flow at rest is selectively enhanced by 
milrinone, a derivative of amrinone.?? 

| Whether the effects of amrinone can be potentiated 
by the addition of other vasodilators has not been 
studied extensively. The various mechanisms of action 
and the distinct preferential alterations in regional 
blood flow that are characteristic of each agent suggest 
a theoretical summation of effects. Moreover, the ino- 
tropic action of amrinone should help to maintain blood 
pressure and thus circumvent the hypotension fre- 
quently encountered with vasodilator therapy. 

_ A comparison study involving amrinone and hy- 
dralazine helps substantiate these concepts.°° Given 
separately, each drug significantly increased cardiac 
index, by 47 and 37%, respectively. Joint administration 
produced a 65% rise in cardiac index. Similarly, de- 
creases in pulmonary capillary wedge pressure and total 
systemic vascular resistance were maximal with both 
agents (Fig. 7). Exercise capacity was substantially 
improved with chronic combined therapy. Amrinone 
coupled with isosorbide dinitrate generated greater 
declines in right atrial and pulmonary capillary wedge 
pressures than either agent alone.59? 


Therapeutic Uses 


| In patients with acute heart failure, alleviation of high 
filling pressures and augmentation of cardiac output are 
the major goals of therapy. The acute hemodynamic 
effects of amrinone allow immediate attainment of these 
goals. Indeed, its combined inotropic and vasodilatory 
properties make it an agent ideally suited for the man- 
agement of left ventricular failure. A decline in MVO;, 
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together with a potential enhancement of collateral 
blood flow and negligible changes in heart rate and 
blood pressure, indicate that amrinone is a safe and 
efficacious agent for treatment of left ventricular dys- 
function complicating acute infarction. In cardiogenic 
shock refractory to catecholamines, the synergistic ac- 
tion of amrinone may improve prognosis. Because in- 
termittent infusions of dobutamine may enhance the 
quality of life in patients with refractory chronic CHF, 
similar therapy using amrinone may also be beneficial. 
This idea remains to be investigated. 


Pharmacokinetics 


In a normal man, amrinone’s half-life is approxi- 
mately 2.6 hours. With severe heart failure, considerable 
interpatient variation is observed, with an average 
half-life of 5 to 8 hours (range 3 to 13).?4 Excretion is 
primarily renal, with up to 40% of the dose eliminated 
unchanged in the urine. Radioactive recovery in normal 
patients was 80.8%, with 62.8% concentrated in the urine 
and 18% in the feces. Conjugation with glucuronic acid, 
glutathione or N acetylation in the liver constitutes the 
major pathway of amrinone metabolism.®! Peak plasma 
concentrations and maximum hemodynamic effects are 
observed within 10 minutes after parenteral adminis- 
du with a duration of action of approximately 1 

our. 


Dosage’ 


Parenteral use of amrinone was made available re- 


. cently after submission of requisite proof of safety and 


efficacy to the Food and Drug Administration. Bolus 
doses ranging from 0.5 to 3.5 mg/kg have been admin- 
istered with essentially no adverse effects. The limiting 
factor in dosage is frequently a decrease in filling pres- 
sures, with potential hypotension. Generally, initiation 
of therapy entails a 0.75 to 1.5 mg/kg bolus over 3 to 5 
minutes, followed by an additional 0.75 mg bolus in 15 
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FIGURE 7. Maximal relative changes In stroke volume Index and pul- 
monary capillary wedge pressure (APCWP) after a single oral dose of 
amrinone (100 mg), hydralazine (75 to 100 mg) or thelr combination 
(+ standard deviation). Reprinted with permission from Circulation.5? 
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_to 30 minutes and a maintenance infusion of 5 to 10 

ug/kg/min. A maximum dose of 18 mg/kg/24 hours has 
been recommended. An alternate mode of administra- 
tion, reportedly associated with a lesser incidence of 
hypotension, is 40 ug/kg/min infusion over the first 
hour, followed by a 10 gug/kg/min maintenance 
dose.*06L62 T[ndividualization in administration is 
indicated. 


Adversó Effects 


Although the hemodynamic effects of oral indi in- 
travenous amrinone are concordant, marked differences 
exist in their incidence of adverse effects. With oral 
therapy, numerous side effects—notably gastrointes- 
tinal complaints, including nausea, vomiting, anorexia, 
diarrhea and abdominal pain—have been reported in 
up to 22% of patients. With parenteral therapy, this 
incidence fell to 0.5 to 2%. Because 2.4 times the par- 
enteral dose is required orally to achieve equivalent 
hemodynamic changes,9? exposure of the intestines to 
higher oral dcses may result in more significant localized 
PDE inhibition and thus account for this disparity. 

Similarly, thrombocytopenia, which occurred in 15 
. to 20% of patients treated orally, is reported in only 2.4% 
of patients receiving short courses of intravenous am- 
rinone.®! Direct, nonimmunologic platelet damage 
leading to accelerated platelet removal is the postulated 
mechanism of action. Reduction in platelet counts 
below 70,000 is unusual. Moderate decreases in dosage 
or cessation of therapy lead to complete reversibility 
within 5 to 10 days.926* Hypotension, fever and liver 
function test abnormalities have also been infrequently 
described with parenteral therapy. ` 

Reports of increase in ventricular ectopic activity 
during acute hemodynamic studies have raised the 
question of the arrhythmogenicity of amrinone.?5? Rises 
in intracellular cAMP and calcium content are 2 po- 
tential mechanisms. Experimental studies using amri- 
none have shown that the development of arrhythmias 
is dependent on calcium concentration.89 Potentiation 
of arrhythmogenicity with glycosidic agents was sug- 
gested by a study in which, at maximal effective ouabain 
. concentrations, relatively high doses of amrinone re- 
sulted in sustained arrhythmias in 5 of 6 cat myocardial 
preparations—in contrast to only 1 incident when am- 
rinone was used alone.®’ Clinically, physicians are 
confronted with significant baseline ectopy in most 
patients with advanced heart failure; for this rea- 
son, judgment of changes after drug therapy is often 
difficult. 

One trial designed to investigate this question in- 
cluded patients with class II to IV CHF who underwent 


programmed electrical stimulation and Holter moni- 


toring before and during amrinone therapy.® Electrical 
intervals and sinus node recovery time were unaffected 
by amrinone. A-V nodal conduction was enhanced, ac- 
counting for the observed acceleration of the ventricular 
response in patients with atrial fibrillation after the 
initiation of amrinone therapy. The incidence of in- 
ducible ventricular tachycardia was unchanged with 
-amrinone infusions of 10 to 20 ug/kg/min. Holter 
monitoring revealed no alterations in the amount of 


ventricular premature contractions or runs of ventric- 
ular tachycardia, although the total number of ven- 
tricular couplets per 24 hours rose significantly. Overall, 
amrinone's potential arrhythmogenicity appears 
modest, although monitoring during parenteral infu- 
sions may be warranted. 

In summary, amrinone, a new nonglycosidie, non- 
adrenergic.cardiotonic agent, is both a positive inotrope 
and a vasodilator. Exerting its effect primarily through : 
selective PDE III inhibition, amrinone consisteptly 
decreases preload and afterload with an mint Sed 
of cardiac output. Blood pressure and heart rate remain 
unaltered. Adverse effects are minimal. Myocardial 
oxygen costs decrease concomitantly with the decrease 
in systolic wall tension. Amrinone's effects can be 
summated with vasodilators. Moreover, its mechanism 
of action is synergistic with that of catecholamines. No 
tachyphylaxis has been observed. Therefore, parenteral 
amrinone appears to be a safe and effective agent in the 
clinical management of patients with acute heart 
failure. 
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Effects of Amrinone on Myocardial Energetics 
in Severe Congestive Heart Failure 


DONALD S. BAIM, MD 





Animal and human studies suggest that amrinone 
can cause significant improvement in the systemic 
hemodynamics of patients with severe congestive 
heart failure (CHF), and do so without increasing 
myocardial oxygen consumption. Because patients 
with CHF appear to be vulnerable to any further 


worsening of the myocardial oxygen supply-and- 
demand balance, amrinone may have a distinct 
advantage over catecholamine agents that tend to 
Increase myocardial oxygen demand. 


(Am J Cardiol 1985;56:16B-18B) 





In examining the newer inotropic agents such as amri- 
none, it is important to consider the effects on both 
systemic hemodynamics and the myocardial oxygen 
supply-and-demand balance. Normal patients can in- 
crease coronary blood flow (and hence myocardial 
oxygen supply) 3- to 5-fold above resting levels,! but 
various factors limit coronary flow reserve in patients 
with severe congestive heart failure (CHF).? First, a 
dilated, thin-walled left ventricular chamber leads to 
high systolic wall stress and hence to increased myo- 
cardial oxygen demand at rest.? Second, the ability to 
increase coronary flow to meet further increases in de- 
mand is often limited by underlying epicardial coronary 
stenoses and by the effect of elevated left ventricular 
diastolic pressure on the coronary perfusion gradient. 
The driving pressure for coronary perfusion in normal 
subjects can be taken as simply the mean aortic pres- 
sure. But this tends to overestimate the driving pressure 
in severe CHF, when right atrial (and hence coronary 
venous) pressure is elevated. In fact, experimental evi- 
dence (Fig. 1) now suggests that the coronary perfusion 
gradient is best estimated from the difference between 
aortic pressure and left ventricular diastolic pressure.* 
This difference is considerably narrowed in severe CHF. 
Thus, high myocardial oxygen consumption at rest 
(MVO») and impaired coronary flow reserve make pa- 
tients with severe CHF vulnerable to myocardial 
ischemia (and hence to additional ventricular dys- 
function or arrhythmias) during treatment with agents 
that increase myocardial oxygen demand out of pro- 
portion to myocardial oxygen supply. 
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Inotropic Agents and Myocardial Oxygen Demand 


'The effect of an inotropic agent on myocardial oxygen 
demand depends on its net effects on heart rate, con- - 
tractile state and mean systolic wall stress (a function 
of chamber size, intracavitary pressure, wall thickness 
and systolic ejection time). Unless increased heart rate 
and contractile state are offset by decreased wall stress, 
myocardial oxygen demand will rise. 

Àn agent's net effect also depends on both the base- 
line hemodynamic status of the patient and the acute he- 
modynamic effects that follow drug administration. For 


, example, digitalis glycosides may decrease myocardial 


oxygen demand in animals with heart failure but may 
lead to a net increase in myocardial oxygen demand in 
animals with normal baseline ventricular function.56 
Moreover, the net effect of an agent on myocardial 
oxygen demand may be difficult to predict based on 
such indexes as the heart rate-blood pressure product 
or the tension-time index, which do not account for 
changes in contractile state or chamber dimension. 
Áccurate assessment of the effect of an inotropic 


agent on myocardial oxygen demand thus requires di- 


168 


rect measurement of this important hemodynamic pa- - 
rameter. Although this can be done by a variety of 
means in the animal laboratory, the most common 
method for making such measurements in conscious 
humans is the coronary venous thermodilution tech- 
nique, in which a specially designed catheter is used 
both to measure coronary venous outflow and to with- 
draw samples of coronary venous blood for the analysis 
of oxygen content and lactate concentration.! 


 Amrinone 


Amrinone is a bipyridine agent that inhibits phos- | 
phodiesterase. Such inhibition increases cardiac con- 
tractility and dilates systemic arteriolar vessels. Two 
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TABLE! Hemodynamic Measurements at Baseline After 
Induction of Congestive Heart Fallure (CHF) by 
Multiple Coronary Ligations and After 


Administration of Amrinone 
Measurement Control CHF Amrinone 
‘HR (beats/min) 160 153 160 
MAP (mm Hg) 108 92 74 
LV dP/dt (mm Hg/s) 1,706 1,264 1,637 
LV (mm Hg) 4 22 8 
‘CBF/100 g (ischemic) 63 4 4 
CBF/100 g (nonischemic) 63 104 84 
A-CSO;» (ml O2/liter) 118 115 112 
MVO, (ml/min-100 g) 7.1 12.4 9.2 


Summary of animal study of Jentzer et al.’ 
. A-CSO, = arterial-coronary sinus oxygen difference; CBF = coro- 
nary blood flow In the Ischemic and nonischemic reglons; HR = heart 
rate; LV dP/dt = first derivative of left ventricular pressure; LVEDP = 
ileft ventricular end diastolic pressure; MAP = mean arterlal pressure; 
:MVO» = myocardial oxygen consumption. 


studies^? suggest that this combined inotropic and 
vasodilating action improves hemodynamic function 
without increasing MVO;s. 
In an open chest dog model with stable left ventric- 
‘ular dysfunction induced by multiple permanent cor- 
‘onary occlusions, Jentzer et al’ used the radioactive 
microsphere method to measure coronary blood flow to 
the nonischemic segments of the left ventricle at base- 
ine. These measurements were repeated after stable 
e ventricular failure was produced, and amrinone 
(1 mg/kg, followed by 0.1 mg/kg for 20 minutes) was 
administered. With the production of heart failure 
(Table D, left ventricular dP/dt fell, while left ventric- 
ular end-diastolic pressure, coronary blood flow in the 
nonischemic zone, and MVO» increased significantly. 


After amrinone administration, dP/dt and left ven-. 


itricular end-diastolic pressure returned toward normal, 
while coronary blood flow and MVO; fell by 20% and 
2596, respectively. 

. In the corresponding human study, Benotti et al® 
used the coronary venous thermodilution technique to 
measure MVO» in 8 patients with severe CHF before 
land after the intravenous administration of amrinone 
(2.5 mg/kg over 60 minutes). Amrinone administration 
was associated with a decrease in left- and right-sided 
cardiac filling pressures and an increase in cardiac index 
and stroke work index (Table IT). Interestingly, this 
improvement in systemic hemodynamics was achieved 
despite a 20% decrease in coronary venous blood flow 
and a decrease of nearly 30% in MVO». 

Effects of amrinone without heart failure: Rude 
et al? studied the effects of intravenous amrinone and 
‘isoproterenol on myocardial territories supplied by a 
transiently occluded coronary artery in open chest dogs 
without heart failure (Table IIT). Administering enough 
‘amrinone or isoproterenol to raise left ventricular dP/dt 
‘by approximately 50% appeared to adversely affect the 
ischemic zone, as reflected by increased local ST-seg- 
ment elevation and local myocardial carbon dioxide 
tension. This apparent worsening of ischemia after 
‘administration of amrinone to animals without signif- 
‘icant heart failure contrasts sharply with the previously 
cited studies in which baseline CHF was present, and 


TABLE il. Hemodynamics Before and After Administration 
of Amrinone to Patients with Congestive Heart 
Fallure 
Control Amrinone 
RA (mm Hg) 18 10 
PCW (mm Hg) 31 26 
CI (liter/min/m?) 1.3 2.2 
HR (beats/min) 91 91 
MAP (mm 1 78 
LV SWI min/m?) 10.6 18.2 
CBF (ml/min) - 215 178 
A-CS O; (ml O;/liter) 129 109 
Lactate extraction 3296 1296 
MVO, (ml Oz/min) 27 19 


Summary of study of Benotti et al.® 

Cl = cardiac index; LV SWI = left ventricular stroke work Index; PCW 
= pulmonary capillary wedge pressure; RA = right atrial pressure; other 
abbreviations as in Table I. 


- 





TABLE Ill] Effects of Amrinone and Isoproterenol on 
Ischemic Myocardial Territorles In Dogs Without 
Heart Failure 
Control Amrinone Isoproterenol 
CAO CAO CAO 
HR (beats/min) 156 184 193 
MAP (mm Hg). 115 84 100 
LV dP/dt (mm Hg/s) 1,744 2,565 2,740 
T elevation (mm) 4.8 9.3 8.4 
PA CO; (mm Hg) 45 65 64 
VEDP (mm Hg) 11 10 10 
Summary of animal study of Rude et al.? 


CAO = occlusion; A P,,CO, = change in myocardial 
carbon dioxide tension; other abbreviations as in Table I. 


probably reflects the result of increased contractility on 


‘MVO> when not offset by a reduction in wall stress. 


Effects of other agents: Other investigational 
phosphodiesterase inhibitors with combined inotropic 
and vasodilator activity similarly improve hemody- 
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namics in CHF patients without increasing MVO}. 
Milrinone, a methyl carbonitrile derivative of amrinone, 
was recently shown to increase left ventricular con- 
tractility and performance without an increase in 
myocardial oxygen demand.!9!! Two independent 
groups studying the investigational agent MDL 17,043 
reported similar results. One found a 7% increase!? and 
the other an 18% reduction!?'in MVO». In contrast, 
hemodynamic improvements with catecholamine agents 
such as dobutamine tend to be achieved only at the 
expense of a 30 to 40% increase in myocardial oxygen,!* 
even in patients with significant heart failure. Further 
studies comparing milrinone and dobutamine in the 
same patienta!! confirm this difference between bipy- 
ridine and catecholamine agents. 

Primary improvement of coronary flow reserve: 
In addition to improving left ventricular performance 
without increasing myocardial oxygen demand, amri- 
none may improve coronary flow reserve in some pa- 
tients with severe heart failure by lowering left ven- 
tricular diastolic pressure more than arterial pressure, 
and thus increasing the driving pressure for coronary 
perfusion. Moreover, amrinone appears to dilate the 
coronary arterioles independently (reflected by a nar- 
‘rowing of the myocardial oxygen extraction after am- 
rinone administration).i? It may similarly affect the 
epicardial coronary arteries owing to phosphodiesterase 
inhibition in vascular smooth muscle. While dilation of 
flow-limiting epicardial stenoses may improve coronary 
flow reserve, excessive dilation of coronary arterioles 
could theoretically lead to maldistribution of blood flow 
within the myocardium (“coronary steal"). This effect 
may account for the occasional patient who switches 
` from myocardial lactate extraction to myocardial lactate 
production after phosphodiesterase inhibition. In the 
absence of other signs or symptoms of ischemia, how- 
ever, alternate explanations of lactate production 
(measurement error or changes in substrate utilization 
owing to falling arterial lactate levels) are possible.® 

Ischemia in the absence of congestive heart 
failure: Despite the generally favorable effects of am- 
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rinone on myocardial oxygen demand, minor patient- 
to-patient variability and the potential for coronary 
steal in the response to amrinone could possibly worsen 
ischemia in some patients with critical coronary ste- 
noses. Therefore, caution is advisable when using am- 
rinone in patients with active ongoing ischemia, par- 
ticularly in the absence of CHF and systolic left 
ventricular dysfunction. l 
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Comparative Vasoactive Therapy for Heart Failure 


| JOSEPH R. BENOTTI, 


Dopamine and dobutamine increase myocardlal 
contractility by Ó-adrenerglc stimulation. Both 
agents provide significant support for decompen- 
sating congestive heart failure (CHF) patients. At 
the same time, both agents can have significant 


adverse effects. In 1981, it was reported that amrl- | 


none, a blpyridine derivative, produced hemody- 
namic changes similar to those of dobutamine. To 
confirm these results, the hemodynamic and clinical 
effects of amrinone were compared with those of 
dopamine and dobutamine in 15 consecutive pa- 
tlents with CHF. Although each drug improved 
maximal cardiac index to a similar extent, dopamine 
did not decrease pulmonary artery wedge pressure 
and caused a greater increase In heart rate. Dobu- 
tamine and amrinone conferred similar hemody- 
namic benefits: cardiac Index improved from 2.4 + 


Acute deterioration in the heart failure patient may 
require combined administration of vasodilators and 
inotropic agents.! Short-term administration of par- 
enteral vasoactive drugs may decrease ventricular dia- 
stolic pressure, thus increasing the aorto-subendocardial 
perfusion gradient, alleviating myocardial ischemia and 


increasing stroke volume. Improved contractility, more 


forceful mitral anular and papillary muscle contraction 
and a decrease in end-systolic volume may lessen 
functional atrioventricular valve insufficiency and im- 
prove cardiac output. The decline in instantaneous 
systolic ventricular radius reduces afterload, wall ten- 

ion and myocardial oxygen consumption. It may also 
improve the balance between subendocardial oxygen 
delivery and myocardial oxygen demand, which may be 
particularly important in the 50 to 75% of patients with 
heart failure caused by advanced coronary.artery dis- 
ease (CAD).23 A decrease in central venous pressure and 
improvement in splanchnic perfusion may promote 
more rapid, and complete absorption of oral medica- 
tions. Temporary parenteral pharmacologic support to 
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0.2 to 3.4 + 0.2 liters/min/m? with dobutamine and 
from 2.1 + 0.2.to 3.2 + 0.2 IIters/min/m? with am- 
rinone. Pulmonary artery wedge pressure decreased 
similarly: from 19 + 2:to 13 + 1 mm Hg with dobu- 
tamine and from 18 + 2 to 12 + 1 mm Hg with am- 
rinone. Dobutamine and amrinone produced similar 
modest decreases In mean arterlal pressure and 
increments in heart rate. 

Dopamine was poorly tolerated; 5 patients de- 
veloped such severe adverse reactlons that this drug 
was discontinued prematurely. Dobutamine and 
amrinone were much better tolerated. Although 
amrinone caused asymptomatic tachycardla (heart 
rate increase >20% over baseline) in 4 patients, no 
patient developed an adverse reaction warranting 
its premature termination. 

(Am J Cardiol 1985;56:19B-24B) 


improve ventricular function may restore the patient's 
overall cardiovascular compensation and responsiveness 
to a nonparenteral cardiotonic regimen. 

Sympathomimetic amines elevate cardiac output by 
increasing myocardial contractility through adrenergic 
B1 receptor stimulation. Dopamine (Fig. 1) acts directly 
on myocardial 8; receptors and augments release of 
preformed catecholamines from adrenergic nerve ter- 
minals within the myocardium.* Low-dose dopamine 
(2 to 4 ug/kg/min) may reduce ventricular filling pres- 
sure and improve cardiac output and urine flow in heart 
failure patients.59 Higher doses (exceeding 7 to 10 
ug/kg/min) may increase vascular tone, systemic re- 
sistance and arterial pressure through a-adrenergic 
vasoconstriction. At or above these doses, dobutamine 
may augment left ventricular filling pressure because 
of increased afterload, possibly as a result of myocardial 
ischemia owing to tachycardia and increased contrac- 
tility,’-? and through increased preload (increased ve- 
nous return caused by adrenergically mediated in- 
creased venular tone) or both. 

Dopamine is the drug of choice in hypotensive 


‘patients with low output cardiac failure. Its a-adren- 


ergic effects increase vascular resistance so that the 6; 
receptor-mediated increase in cardiac output increases 
coronary and cerebral perfusion pressure. 


19B - 


208 A SYMPOSIUM: AMRINONE 


Dobutamine is a relatively pure myocardial £4 stim- 
ulant devoid of intrinsic a-adrenergic vasoconstrictor. 


activity (Fig. 1).19 It acts directly to augment myocardial 
contractility; in heart failure it has the advantage, 
compared with dopamine, of reducing left ventricular 
filling pressure to a greater extent, probably because 
dobutamine does not increase ventricular preload and 
systemic resistance, the major determinant of ventric- 
ular afterload.!! 

At higher doses, dobutamine administration may be 
limited by tachycardia, increased ventricular irritability 
or, occasionally, an undesirable change in mean arterial 
pressure. Like dopamine, dobutamine may have both- 
ersome noncardiac adverse effects through sympathetic 
stimulation—nausea, anxiety, tremulousness and 
headache. ` 

Long-term dobutamine infusion may be associated 
with attenuation of drug effect. Indeed, resistance to 
long-term £ receptor stimulation after prolonged ex- 
posure has been noted.!? The mechanism by which the 
f receptors become refractory to further stimulation 
has not been clarified. Nevertheless, a sustained in- 
crease in catecholamine concentration could lead to 
receptor down regulation by reducing the density of 6 
receptors in the sarcolemmal membrane.!? 

Amrinone, a bipyridine derivative (Fig. 1), improves 
cardiac output and stroke volume while reducing ven- 
tricular filling pressures and peripheral resistance in 
heart failure patients.!4^15 Through a cellular mecha- 
nism of action distinct from that by which cardiac gly- 
cosides or catecholamines exert their hemodynamic 
effects, amrinone in high doses seems to increase the 
force of myocardial ‘contraction as measured by in- 
creases in the peak rate of isovolumic left ventricular 
pressure generation.!*15 The substantial improvements 
-in cardiac output and declines in ventricular filling 
pressures and peripheral resistance associated with 
amrinone are .also compatible with a vasodilator 
mechanism of action.“ 

In patients with medically hr. congestive heart 
failure (CHF) of an ischemic or nonischemic etiology, 
amrinone at a cumulative dose between 1.8 and 3.5 
mg/kg administered over 1 hour improves cardiac index, 
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FIGURE 1. Chemical structures of dopamine and dobutamine, sym- 
pathomimetic agents, and of amrinone, a bipyridine derivative. 


lowers pulmonary artery wedge and right atrial pres-. 
sures!416 and improves myocardial contractility as ev- 
idenced by an increase in the peak rate of isovolumic left 
ventricular pressure development (dP/dt).14 Although 
amrinone at currently recommended doses has salutary 
vasodilator properties, its inotropic activity has not been 
established.!’ In patients with CHF resulting from 
long-standing multivessel CAD! and in animals with 
cardiogenic shock caused by myocardial infarction,” 
amrinone exerts a salutary hemodynamic effect without 
increasing myocardial oxygen consumption to impfove 
external myocardial efficiency. | 
In patients with advanced heart failure in which 

myocardial ischemia may play an important role in 
acute decompensation, the noncatecholamine-mediated 
vasoactive properties of amrinone may be more at- 
tractive than the 8, (inotropic) and a-adrenergic 
(vasoconstrictor) actions of dopamine?292! or the rel- 
atively pure 8; agonistic properties of dobutamine.1? 

. In 1981 Klein et al?? compared the hemodynamic 
effects of amrinone and dobutamine in 8 patients with 


. advanced CHF. Dobutamine was infused at a rate 


(mean 11.8 ug/kg/min) individually titrated to maxi- 
mally improve cardiac output without precipitating 
adverse effects. This infusion was continued for 8 hours, 
with steady-state hemodynamic measurements ob- 
tained at 3 and 8 hours. After a 24-hour washout period 
with return of hemodynamic values to control levels, 
amrinone was administered at 40 ug/kg/min for 1 hour 


and then at 10 ug/kg/min for 24 hours. 


À comparison of the initial hemodynamic effects of 
dobutamine and amrinone is shown in Figure 2.2 Each 
drug significantly increased cardiac index and decreased 
pulmonary wedge pressure, right atrial pressure and 
systemic resistance. Dobutamine and amrinone effected 
minimal increases in heart rate, arterial pressure and 
rate pressure product (not depicted in Fig. 2). In 4 
patients, the rate of dobutamine infusion was limited 
by ventricular ectopic activity or an increase in systolic 
pressure exceeding 2096 of control. No adverse effects 
of amrinone on cardiac rhythm, rate or blood pressure 
were observed. 

Klein et al” also found that an 8-hour, constant-rate 
dobutamine infusion was associated with some atten- 
uation in the initial beneficial increase in cardiac output 
and decrease in pulmonary wedge pressure, suggesting 
the possibility of tachyphylaxis (attenuation in effect 
despite constant drug blood/tissue level). During a 
24-hour constant-dose amrinone infusion, however, the 
increase in cardiac index and reduction in pulmonary 
wedge pressure were sustained. Nonetheless, because 
of amrinone's rather long half-life (3 hours) compared 
with dobutamine's (2 minutes), such sustained hemo- 
dynamic improvement could represent progressive 
amrinone accumulation rather than unequivocal ab- 
sence of short-term tachyphylaxis to amrinone. 

Klein et al” concluded that in chronic CHF patients 
dobutamine and amrinone similarly improve cardiac 
performance without adversely affecting heart rate or 
blood pressure. Accordingly, intravenous amrinone is 
an extremely beneficial drug in the treatment of pa- 


tients with advanced CHF. Although initial hemody- 
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namic benefits were similar, prolonged amrinone infu- 
sion resulted in sustained improvement, while 
dobutamine's effectiveness was attenuated over time 
in some patients. 

To confirm the observations of Klein et al, we 
compared the acute hemodynamic effects of dopamine, 
dobutamine and amrinone in patients with advanced 


CHF. 


Methods 


‘fhe study population consisted of 15 patients with heart 
failure admitted consecutively to the coronary care unit of the 
University of Massachusetts Medical Center. Amrinone ad- 
ministration according to the protocol to be described was 
approved by the Committee for the Protection of Human 
Subjects Involved in Clinical Research. Each patient pre- 
sented with the following clinical and hemodynamic charac- 
teristiċs: (1) New York Heart Association class III or IV CHF 
symptoms, despite activity limitation, a low salt diet and di- 
goxin, diuretics and oral vasodilators in appropriate doses; (2) 
roentgenographic or echocardiographic evidence of left ven- 
tricular enlargement; (3) left ventricular ejection fraction 
<0.40; (4) absence of unstable angina or myocardial infarction 
Within 3 months preceding the study; (5) serum creatinine 
<3.0 mg/dl and absence of severe primary liver disease; and 


(6) baseline cardiac index «2.5 liters/min/m? and/or pulmo- , 
nary artery wedge pressure >15 mm Hg at the time of pul- 


monary artery catheterization. 

Measurements: Áfter each patient's admission to the unit, 

balloon-tipped pulmonary artery catheter was introduced 
p monia ventricular filling pressures and cardiac output. 

pressures were measured through fluid-filled catheters 

connected to Statham 25 DB transducers with the zero point 
referenced to 5 cm below the sternal angle. Arterial pressure 
was measured directly via percutaneous cannulation of the 
radial artery (mean pressure determined by electrical inte- 
gration of the phasic signal) or indirectly by sphygmoma- 
nometer (mean pressure calculated as diastolic plus 1/3 pulse 
pressure). 
: Drug administration: After hemodynamic stabilization 
(<10% variation in at least 2 consecutive series of measure- 
ments within 30 minutes), each patient received dopamine, 
dobutamine and then amrinone. Dopamine or dobutamine 
infusion was initiated at 2.5 ug/kg/min and increased by 2.5 
| 
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effects of dobutamine and amrinone. 
(maximal response relative to control 
value in 8 patients with congestive 
heart faliure). There are no differences 
n responses to each drug relative to 
the control state. * = p «0.01; ** =p 
<0.001; NS = not significant. Re- 
printed with permission from Am J 
|Cardiol. 20 
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- pe/kg/min each hour to 15 vase at 6 hours, after which 


therapy was terminated. Therapy was discontinued prema- 
turely if the patient experienced untoward adverse effects (i.e., 
symptomatic tachycardia, nausea, headache or ventricular 
ectopic activity). Heart rate, cardiac output, arterial pressure, 
pulmonary artery wedge pressure and pulmonary artery and 
right atrial pressures were measured hourly during infusion. 
At termination of drug infusion, the patient was observed until 
consecutive hemodynamic measurements showed a return to 
within 1096 of baseline. The alternative sympathomimetic 
agent (dobutamine if dopamine had been first administered 
or vice versa) was administered in a similar fashion over 6 
hours. 

After a second washout period, amrinone was administered 
as an intravenous loading dose of 1.5 mg/kg over 15 minutes, 
followed by a continuous infusion at 10 to 30 ug/kg/min for 
6 hours. In each patient, dopamine or dobutamine was infused 
initially in random sequence; amrinone was always given last 
because of its prolonged elimination half-life (approximately 
3 hours) relative to the sympathomimetic amines. 

Statistical analysis: Derived hemodynamic measurements 
were calculated according to standard formula.?! Statistical 
analysis of the data was performed using a 2-way analysis of 
variance and the Student £ test. 


Results 


Table I lists the clinical characteristics of the study 
population. There were 11 men and 4 women, with a 
mean age of 58 years (range 32 to 80). T'en patients had 
CAD, 4 had idiopathic congestive cardiomyopathy and 
1 had long-standing rheumatic mitral regurgitation with 
advanced ventricular dysfunction. Left ventricular 


- ejection fraction, measured by contrast or radionuclide 


ventriculography in 12 patients, was markedly de- 
pressed (mean 0.20; range 0.10 to 0.28). All patients were 
receiving digoxin, diuretics and vasodilators in adequate 
doses. Thirteen had a serum digoxin level within the 
therapeutic range at the time of study. 

Table II lists the maximal change in hemodynamic 
measurements in response to each drug. Cardiac index 
improved significantly with each drug: 38% with dopa- 
mine, 42% with dobutamine and 52% with amrinone. 


PULMONARY 
WEDGE PRESSURE MEAN RIGHT 
NS — ATRIAL PRESSURE 
kt posu 








O CONTROL & DOBUTAMINE I AMRINONE 


LO ge —À —— 


22B ` A SYMPOSIUM: AMRINONE 


TABLE! Clinical Characteristics of the Study Population 


Patlent A Clinical 
No. (years) Diagnosis 
: 1 65 CAD 
2 71 CAD 
3 64 IDC 
4 53 IDC 
5 85 RHD 
6 72 CAD 
7 68 CAD 
8 55 CAD 
9 80 IDC 
10 59 CAD 
11 51 CAD 
12 52 CAD 
13 32 IDC 
14 71 CAD 
15 02 CAD 


CAD = 


artery disease; IDC = idiopathic dilated 


Serum 

Digoxin 

NYHA Level 

Sex Class LVEF (ng/ml) 
M IV E 1.09 
M IV 0.17 1.04 
M iV 0.10 0.98 
M IV 0.10 1.11 
M IV 0.26 2.02 
F iV € 1.27 

M IV 0.21 0.86 e 

M IV 0.25 1.15 
F iV 0.20 1.46 
M IV 0.14 1.30 
M IV 0.24 2.08 
F IV 0.15 1.47 
F. IV 0.28 0.61 
M IV eps 0.14 
M IV 0.24 1.93 


;LVEF = left ventricular ejection . 


coronary 
fraction; NYHA = New York Heart Association; RHD = rheumatic heart disease. 


Dopamine, dobutamine and amrinone also significantly 
increased stroke volume index: 34%, 38% and 42%, 
respectively. Dopamine had little effect on pulmonary 
artery wedge pressure, but dobutamine decreased it by 
32% and amrinone decreased pulmonary artery wedge 
pressure by 33%. None of the agents decreased mean 
arterial pressure to a clinically significant degree. 
Dobutamine and amrinone increased heart rate by 
12%. Dopamine, however, increased heart rate very 
significantly (29%). 
Each drug decreased systemic vascular resistance, a 
major determinant of left ventricular afterload: dopa- 
mine by 27%, dobutamine by 31% and amrinone by 41%. 
None decreased right atrial pressure significantly. 
Figure 3 shows the position of the study population 
on a hypothetical ventricular function curve relating 
pulmonary artery wedge pressure to cardiac index. 
Dobutamine and amrinone effected similar improve- 
ments in cardiac index and decreases in pulmonary 
wedge pressure. The comparable increase in cardiac 
index with dobutamine was not associated with a sig- 


"=a DOPAMINE em DOBUTAMINE Asxs»x4AMRINONE 
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FIGURE 3. Points on the hypothetical ventricular function curves relating 
pulmonary. artery wedge pressure (abscissa) to cardiac index (ordinate). 
Although dopamine improved cardiac Index without decreasing pul- 
monary artery wedge pressure, dobutamine and amrinone also de- 
creased pulmonary artery wedge pressure. 


nificant decrease in pulmonary wedge pressure. 'T'he 
improvement in ventricular function with dobutamine 
and amrinone was similar and exceeded that provided 
by dopamine. 5 | 

Adverse reactions: Dopamine was associated with 
arrhythmias (multiform ventricular ectopic activity, 
bigeminy or couplets) in 6 patients, hypotension in 1, 
cyanotic lower extremities in 1, headache in 2, diapho- 
resis in 1, increase in heart rate >20% in 12 and nausea 
in 5. Dopamine infusion had to be prematurely dis- 
continued before 6 hours in 5 patients because of ad- 
verse reactions. 

Dobutamine was associated with arrhythmias in 5 
patients, hypotension in 1, headache in 1 and a heart 
rate increase >20% in 5. Dobutamine infusion was ter- 
minated prematurely in 4 patients because of adverse 
effects. 

Amrinone increased heart rate in 4 patients without 
associated symptoms. The frequency of tachycardia 
encountered with amrinone and dobutamine was similar 
and much less than that associated with dopamine. 
Amrinone was very well tolerated; its use was not asso- 
ciated with significant adverse reactions. 


Discussion 


This study shows the value of amrinone compared 
with dopamine and dobutamine in CHF patients re- 
fractory to oral medications. Amrinone and dobutamine 
consistently increased cardiac output. Each drug also 
decreased pulmonary artery wedge pressure, arterial 
pressure and systemic vascular resistance (afterload) 
while only modestly increasing heart rate. These are 
desirable hemodynamic effects in patients, particularly 
when CHF is most commonly due to multivessel CAD. 
Agents that increase heart rate or do not decrease af- 
terload may provoke myocardial ischemia in these pa- 
tients. It is noteworthy, too, that amrinone was not as- 
sociated with any clinically significant adverse reaction 
over the 6-hour infusion period. Our findings—that 
amrinone and dobutamine have very similar salutary 
hemodynamic effects and that amrinone was free of 
clinically significant adverse effects—are in agreement 
with those of Klein et al.” 
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TABLE ll Maximal Hemodynamic Response to Each Drug 


Measurement Control Dopamine 
Cardiac Index 2.102 3.6 + 0.3* 
(Iiters/min/m?) 
Stroke volume index 32 i3 43 + 5* 
: (mi/beat) 
Pulmonary artery wedge 19+ 2 17 X2 
pressure (mm Hg) 
Mean arterial pressure 75 +2 69 13 
(mm Hg) 
Heart rate 83 4:3 107 + 41 
' (beats/min) i 
Systemic vascular resistance 1,222 + 84 896 + 77° 
' (dynes s cm) 
Right atrial pressure 10+ 2 7+2 


Control Dobutamine Control Amrinone 

2.4 + 0.2 3.4 + 0.2* 2.1 + 0.2 3.2 + 0.2° 
29 i2 40 + 3* 26 +2 37.252" 
1942 3+ 1* 18+2 127° 
77:2 71+ 4° 80 + 2 71+3 
83 + 3 93 + 4* 83 +5 93 44 

1,420 + 128 986 + 94* 1,595 + 110 9851 i 61* 
94:2 TES 1042 7x2 


| (mm Hg) ———À—— M M—— ———— 


| * p «0.05. 
Tp <0.01. 


' Pulmonary artery wedge pressure may not decrease 
with dopamine because of a-adrenergically mediated 
increase in venous return and cardiac preload.?:2? This 
persistent elevation in pulmonary wedge pressure may 
also regult from impaired systolic performance and re- 
duced diastolic compliance caused by myocardial 
ischemia, or from enhanced reflex adrenergic tone owing 
to a dopamine-induced decrease in arterial saturation 
and oxygen tension. 


' We could not assess the effect of dopamine on 


ischemic diastolic dysfunction because we did not 
ara the ventricular pressure-volume relation. 

imilarly, because arterial oxygen saturation was not 
measured, dopamine’s impact on arterial saturation 
remains speculative. It has been demonstrated, how- 
ever, that dopamine may provoke mild arterial desat- 
uration.” 

The substantial increase in heart rate associated with 
dopamine may elicit ventricular dysfunction owing to 
myocardial ischemia, particularly in a group like ours, 
in which 60% of patients have advanced CAD. The ob- 
servation that dopamine at higher doses was discon- 
tinued in 5 patients because of adverse reactions (most 
of which were compatible with myocardial ischemia) 
supports this hypothesis. 

— The decrease in systemic resistance associated with 
dopamine in our study is somewhat at variance with the 
results of Leier et al,2* who showed that in heart failure 
patients dopamine produces no change in systemic re- 
sistance. Inotropic drugs without intrinsic a-adrenergic 
activity may elicit reflex reduction in vascular resistance 
by improving ventricular function and causing with- 
drawal of compensatory vascular tone. They may also 
affect direct vasodilation. Dopamine at low doses (<7 
to 10 ug/kg/min) has little or no a- adrenergic effect. At 
hicher doses (>7 to 10 ug/kg/min), it increases resis- 


and vascular resistance and increased heart rate. By 
decreasing pulmonary artery wedge and arterial pres- 


. sures without causing the excessive tachycardia asso- 


ciated with dopamine, amrinone and dobutamine pro- 
duced more salutary hemodynamic changes. The 
hemodynamic effects of amrinone and dobutamine are 
desirable in these seriously ill patients, most of whom 
have CAD that is far advanced and are at risk for myo- 
cardial ischemia in response to any vasoactive drug that 
causes an excessive heart rate increase. 

The capacity of amrinone to increase cardiac and 
stroke index while decreasing pulmonary capillary 
wedge pressure may be advantageous. This probably 
results from a decrease in preload and afterload. Al- 
though an increase in inotropy could cause similar 
changes, it has not been established that amrinone in- 
creases the myocardial inotropic state at currently 
recommended doses.!8 This combination of hemody- 
namic effects probably reduces end-diastolic and end- 
systolic left ventricular dimensions. In turn, intracavity 
instantaneous systolic radius and wall tension, major 
determinants of myocardial oxygen demand, are re- 
duced. This effect may account for the observation that 
amrinone's salutary hemodynamic effect is associated 
with no change in myocardial oxygen consumption in 
CHF patients with advanced CAD" and in dogs with 
acute ventricular failure resulting from coronary artery 
ligation.!® Although we did not measure indexes of 
myocardial metabolism, our patients remained 
asymptomatic and free of new ischemic electrocardio- 
graphic changes and serious arrhythmias during the 
6-hour amrinone infusion. This is compatible with the 
known beneficial hemodynamic and myocardial meta- 


bolic effects of amrinone in CHF patients with advanced 


CAD.18 
Dobutamine may provoke myocardial ischemia i in 
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proterenol in elevating left ventricular dP/dt, elicited 
biochemical and histologic evidence of similarly severe 
myocardial ischemia. However, the hemodynamic de- 
rangements (increased afterload, increased preload and 
ventricular dilation characteristic of chronic CHF) in 


this acute model may not have been of sufficient mag-. 


nitude to allow amrinone’s beneficial impact on ven- 
tricular loading conditions to counteract the adverse 
effect of augmented contractility in aggravating myo- 
cardial ischemia. 

‘Although low-dose dopamine improves splanchnic 
and renal blood flow in animals by stimulating 
“dopaminergic” vasodilator receptors,?977 no such se- 
lective salutary effect on renal or gastrointestinal per- 
fusion has been shown in patients with advanced CHF. 
On the contrary, dobutamine has been shown to be su- 
perior to dopamine in these patients because it improves 
renal function at doses that seem to be devoid of adverse 
effects.2%28 Amrinone likewise improves renal plasma 
flow and glomerular filtration in similar patients with 
medically refractory CHF at doses free of acute adverse 
effects.” 

The cellular mechanism of action of amrinone has ot 


been clarified.1530-?? Nevertheless, this investigation: 


demonstrates that, compared with dopamine, amrinone 
and dobutamine are better for patients with advanced 
CHF who require acute intravenous hemodynamic 
support. Amrinone and dobutamine have virtually 
identical beneficial hemodynamic effects and fewer 
adverse effects compared with dopamine. 

Several questions require further E EA 
through long-term studies comparing amrinone and 
dobutamine in patients with severe heart failure. These 
questions relate to the development of tachyphylaxis 
with dobutamine or amrinone, the relative effects of 
each drug on regional perfusion and organ function and 
whether long-term use of intravenous amrinone will 
result in the more troublesome adverse effects observed 
with oral amrinone.3%-38 
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Electrophysiologic Effects of Amrinone 


RICHARD A. GOLDSTEIN, MD, ELAYNE L. GRAY, BSN, ANNE H. DOUGHERTY, MD, 


and GERALD V. NACCARELLI, 


Patients with congestive heart fallure (CHF) have 


a high prevalence of complex ventricular arrhyth- | 


mias. Accordingly, the electrophysiologic effects of 
new drugs for the treatment of CHF should be 
studied to determine whether they are safe in this 
population of patients. Fifteen patients with New 
York Heart Association functional classes II to IV 
CHF underwent hemodynamic and electrophyslo- 
logic testing during control conditions, and after 10 
to 20 ug/kg/min of intravenous amrinone (dosages 
that increased cardiac output and decreased left 
ventricular filling pressures). All cardioactive drugs 
l were stopped for at least 5 half-lives before entry 

into the study. Amrinone decreased the atrial ef- 


fective refractory period from 256 to 240 ms (p = | 


Patients with congestive heart failure (CHF) have a high 
incidence of sudden death that may be due to either an 
acute exacerbation of pump function or arrhythmias.i? 
Maskin et al? reported recently that in patients with 
severe heart failure the prevalence of complex ventric- 
ular arrhythmias i is 92% and that of ventricular tachy- 
cardia is 71%. Drug aggravation of arrhythmias has oc- 
curred with many cardioactive drugs.* Accordingly, it 
is essential to include an evaluation of the electro- 
physiologic effects of new drugs being developed for the 
treatment of patients with CHF. We report the hemo- 
dynamic and electrophysiologic effects of amrinone, a 
new noncatecholamine, nonglycoside inotropic drug, in 
patients with chronic CHF.98 -> 


Methods 


Study population: Eleven men and 4 women ranging in age 
from 20 to 76 years (mean 56.7 + 17.6) constituted the study 


population. All patients had a documented history of CHF and 
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0.015) and the AV nodal functlonal refractory perlod 
from 374 to 356 ms (p <0.05), and enhanced 
maximal 1:1 AV nodal conduction from 371 to 334 
ms (p = 0.006). Prolonged HV intervals were 
present In 9 of 15 patients and were not affected by 
amrinone. Holter monitoring was performed in 10 
patients during acute oral administration of amri- 
none. There were no significant changes in the fre- 
quency of ventricular extrasystoles or ventricular 
tachycardla, although the frequency of ventricular 
couplets tended to increase slightly. Amrinone 
therefore enhances AV conduction and does not 
appear to have significant arrhythmogenic potential 
during acute administration. 

(Am J Cardiol 1985;56:25B-28B) 


systolic dysfunction with an ejection fraction <45% by ra- 
dionuclide ventriculography. Digoxin, vasodilators, antiar- 
rhythmics and other cardioactive drugs were discontinued at 
least 5 half-lives before acquisition of baseline data. Therapy 
with diuretics was maintained and adjusted as required during 
washout of other medications. Baseline data included hema- 
tologic and chemical profiles, 12-lead electrocardiogram, 
resting gated radionuclide ventriculogram, M-mode echo- 
cardiogram and 24 to 48 hours of control electrophysiologic 
recordings. Clinical characteristics of the patients are listed 
in Table I. | 

Patients then underwent invasive hemodynamic and elec- 
trophysiologic testing in the cardiac catheterization laboratory 
in the nonsedated, postabsorptive state. A 7Fr Swan-Ganz 
thermodilution catheter was inserted into the right subclavian. 
or internál jugular vein percutaneously. Several 6Fr multipolar 
pacing catheters (USCI) were also inserted and placed at the 
high right atrium, across the tricuspid valve in the region of 
the His bundle and at the Debt ventricular apex or outflow 
tract. 

Study protocol: Hadak and electrophysiologic 
testing was performed at baseline and after the intravenous 
administration of amrinone. Amrinone was initiated using a 
loading dose of 1.5 mg/kg given as 3 separate boluses over 5 
minutes. A continuous infusion was then started at 10 
ug/kg/min, and hemodynamic measurements were recorded 
every 15 minutes. If after 30 minutes of infusion the pulmo- 
nary capillary wedge pressure had not fallen by 5 mm Hg or 
the cardiac index had not increased by 30% over control or 
both, the infusion was increased by 5 ug/kg/min increments 
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TABLE! Patient Characteristics 
15 oe mean age 57 + 18 years 
11 M/4F 


Mean EF, 16.3 + 9.9% 
NYHA functional class: 


Ischemic cardiomyopathy—6 
Dilated cardlomyopathy—9 


EF = ejection fraction; NYHA = New York Heart Association. 


up to a maximum of 20 ug/kg/min. At least 30 minutes after 
achievement of the final dose, hemodynamic and invasive 
electrophysiologic measurements were repeated. Patients were 
then started on oral amrinone in doses of 75 to 150 mg every 
8 hours. 

Hemodynamic measurements: Hemodynamic measure- 
ments were obtained with the Swan-Ganz catheter as previ- 
ously.” Recorded baseline values included mean and phasic 
systemic arterial and pulmonary artery pressures, cardiac 
output and pulmonary capillary wedge pressures. The cardiac 
outputs represent the mean of at least 2 thermodilution de- 
terminations. Stroke work index was calculated from this 
equation: (SV/BSA) x (AP — PCWP) x 0.0144 g-m/m?, where 
SV is the stroke volume, BSA is the body surface area, AP is 
the mean systemic arterial pressure and PCWP is the mean 


PVR 





FIGURE 1. Top panels, hemodynamic effects of intravenous amrinone 
on right-sided heart parameters. Am = amrinone; C = control; PA = 
mean pulmonary artery pressure; PAD = pulmonary artery diastolic 
pressure; PAS = pulmonary artery systolic pressure; PVR = pulmonary 
vascular resistance; RA = mean right atrial pressure. Bottom panels, 
effects on left-sided parameters. MAP = mean arterial pressure; PCWP 
= pulmonary caplilary wedge pressure; SVR = systemic vascular re- 
sistance. Ail values are mean + standard deviation. 


pulmonary capillary wedge pressure. Systemic vascular re- 
sistance was derived as (AP — RA)/CO dynes s cm 5, where 
RA is the right atrial pressure and CO is the cardiac 
output. 

Invasive electrophysiologic testing: Spontaneous cycle 
length and AH and HV intervals were recorded simulta- 
neously at a paper speed of 150 mm/s after stable positioning 
of the catheters. Intracardiac electrograms were filtered at 30 
to 500 Hz. The maximum corrected sinus node recovery time 
was measured by using high right atrial overdrive pacing at 
a minimum of 3 cycle lengths. Maximum 1:1 AV nodal ¢gon- 
duction was determined using incremental atrial pacing. 
Refractory periods of the atrium, AV node and ventricle were 
measured using extrastimuli at pacing cycle lengths of 500 or 
600 ms, depending on the spontaneous heart rate. The same 
cycle lengths were used during the amrinone phase of the 
study. Programmed ventricular stimulation was performed 
in an attempt to induce ventricular tachycardia.? Single and 
double ventricular extrastimuli were introduced during sinus 
rhythm and during 2 or 3 right ventricular pacing drive rates 
at the right ventricular apex. If no ventricular tachycardia was 
induced, the pacing protocol was repeated at the right ven- 
tricular outflow tract. Inducible ventricular tachycardia 
was defined as 3 or more consecutive nonbundle branch re- 
entrant repetitive ventricular responses after programmed 
stimulation.? 

Noninvasive electrophysiologic testing: Resting PR, 
QRS and QT intervals were measured using surface electro- 
cardiographic leads I, II, III and VI. The QT interval was 
corrected for heart rate using Bazett's formula.!? Holter 
monitoring was performed for 24 to 48 hours in all 15 patients 
during the predrug period. Only 10 patients had monitoring 
after drug administration, however, because 3 patients were 
acutely ill and 2 were not begun on oral amrinone. Data were 
analyzed on an Edwards recorder (Survival Technology, Inc). 
The total number of ventricular premature complexes (V PCs), 
ventricular couplets and runs of ventricular tachycardia were 
recorded and corrected for 24 hours. Spontaneous ventricular 
tachycardia was defined as 3 or more consecutive VPCs with 
a rate 7100 beats/min. Manual confirmation of the counts was 
performed by one of the investigators using an Edwards 
Eliminator printout. Manual counts were used if agreement 
with machine counts was not » 9096. 

Statistical analysis: Statistical significance was deter- 
mined using either a paired Student t test or the Wilcoxon 
ranked test where appropriate. The values reported are the 


mean + the standard deviation. 
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FIGURE 2. individual patlent responses of cardiac index and pulmonary 


capillary wedge pressure (PCWP) at baseline and after intravenous 
amrinone (mean dosage, 12.6 ug/kg/min). 


Electrophysiologic Measurements Before and 


TABLE Il 
After Intravenous Amrinone (n = 15) 

Control Amrinone p Value 
SCL 633 + 106 619 + 90 NS 
PR 169 + 40 165 + 40 NS 
QRS 107 + 25 109 + 23 NS 
QTc 410 + 37 405 + 42 NS 
AH 84 + 23 81+ 24 NS 
HV 60+ 13 58 + 12 NS 
Atrial ERP 256 + 40 240 + 38 0.015 
AV nodal ERP. 296 + 49 280 + 50 0.077 
AV nodal FRP 374 + 65 356 + 64 <0.05 
1:1 max AV 371 + 46 334 + 47 0.006 
Ventricular ERP 234 + 23 230 + 23 NS 
MCSNHRT 261 +72 248 + 101 NS 


All values listed In milllseconds (mean + standard deviation). 

AV = atrioventricular; ERP = effective refractory perlod; FRP = 
functional refractory period; MCSNRT = maximal corrected sinus node 
recovery time; SCL = sinus cycle length; NS = not significant. 


Results 


Hemodynamics: Intravenous administration of 
amrinone (mean dose 12.6 ug/kg/min at the time of 
hemodynamic measurements) was associated with an 
increase in cardiac index from 2.0 + 0.6 to 2.6 + 0.7 li- 
ters/min/m? (p «0.001) and an increase in stroke work 
index from 18.5 + 7.9 to 24.9 + 10.4 g-m/m? (p = 0.008). 
These changes were accompanied by a decrease in both 
pulmonary capillary wedge pressure (29.3 + 9.7 to 23.4 
+ 8. 5 mm Hg, p <0.002) and systemic vascular resis- 
tance (1,838 + 441 to 1,518 + 424 dynes s cm~5, p = 
0.001). Decreases in mean pulmonary artery pressure 
(39.2 + 10.8 to 35.1 + 10.7 mm Hg, p = 0.002), pulmo- 
nary artery diastolic pressure (33.5 + 10.3 to 27.2 + 8.0 
mm Hg, p < 0.001) and right atrial pressure (13.8 + 6.9 
to 10.9 + 4.6, p = 0.003) also occurred after intraveneous 
amrinone. There were no significant effects on systemic 
arterial mean or phasic pressures or pulmonary vascular 
resistance (Figs. 1 and 2). 

Electrophysiologic effects of intravenous amri- 
none: After amrinone, there were no significant changes 
in PR, QRS or QT. AH and HV intervals, AV nodal and 
ventricular effective refractory periods and maximal 
corrected sinus node recovery times were likewise un- 
changed after amrinone (Table II). Eight patients had 
prolongation of the QRS interval (2120 ms), and 9 pa- 
tients had prolongation of their HV interval (>55 ms) 
at baseline. None of these patients with conduction 
disturbances had any change in these parameters after 
intr {venous amrinone. Both atrial effective refractory 
period and AV nodal functional refractory period were 
decreased by amrinone, and there was a trend toward 
a decreased AV nodal effective refractory period. 
Measurement. of true AV nodal effective refractory 
period was atrial-limited in 7 patients. After amrinone, 
there was enhancement of 1:1 maximal AV node con- 
duction that was unrelated to changes in cardiac 
output. 

Effects of amrinone on arrhythmias: Amrinone 
did not significantly affect the frequency of ventricular 
tachycardia induction by programmed extrastimuli. 
Three of 15.patients had ventricular tachycardia in- 
duced at control and on drug, whereas a fourth patient 
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TABLE Ill. Hoiter Monitoring Results Before and After - 
 Amrinone (n = 10) 


Control Amrinone. p Value 
VPCs 2,197 + 3,305 2,616 + 2,436 NS 
Ventricular 22 + 34 52 +55 0.054 
couplets s 
Runs of VT 10+ 12 12+ 13 NS 


All values are corrected for 24 hours and are listed as mean + 
standard deviation. 

NS = not significant, VPCs = ventricular premature complexes; VT 
= ventricular tachycardia. 


increased from 2 to 3 repetitive responses after amri- 
none. Holter monitoring during acute oral dosing of 
amrinone was available for 10 patients, with a mean of 
39.8 + hours of recordings at control and 37.7 hours on 
drug. Table III shows the mean number of VPCs, ven- 
tricular couplets and spontaneous episodes of ventric- 
ular tachycardia. There were no significant changes in 
any of these parameters after amrinone, although the 
change in couplets approached statistical significance. 
Eight of 10 patients had ventricular tachycardia on 
baseline recordings. After drug, ventricular tachycardia 
was present in the same 8 patients. Neither of the pa- 
tients without ventricular tachycardia in the control 
study had ventricular tachycardia after amrinone. 


Discussion 


Effects on ventricular arrhythmias: Considerable 
controversy exists as to the arrhythmogenicity of am- 
rinone. Two studies!^!? have suggested that long-term 
oral amrinone therapy increases ventricular ectopy. 
Because neither of these studies reports Holter moni- 
toring results, the ventricular arrhythmias observed 
may be related to the high prevalence of ventricular 
extrasystoles in patients with CHF.!-? For example, 8 
of 10 patients in our study had ventricular tachycardia 
noted on baseline Holter recordings, and these patients 
were not known to have significant ventricular ectopy 
before referral for amrinone therapy. The data pre- 
sented show that amrinone did not aggravate existing 
arrhythmias or provoke new arrhythmias. It is possible 
that any effective agent for increasing cardiac output 
can increase arrhythmias if it produces a diuresis suf- 
ficient to cause hypokalemia. However, there was no 
evidence of hypokalemia in our patients during the 
study period. 

Noninvasive Holter recordings performed before and 
after amrinone revealed no significant change in the 
occurrence or frequency of ventricular arrhythmias, 
although there was a trend toward an increase in ven- 
tricular couplets after oral amrinone. Patients in our 
study were monitored for 24 to 48 hours—a longer 
monitoring period than in previous studies.!^1? Because 
there is considerable spontaneous variability in ven- 
tricular ectopy, 48 hours of monitoring should improve 
the evaluation of the arrhythmogenicity of drugs in this 
population of patients.3 

Despite the frequency of nonsustained ventricular 
tachycardia in our patients, ventricular tachycardia 
could be induced in only 3 of 15 patients at baseline and 
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4 of 15 after intravenous amrinone. The low rate of in- 
ducibility in patients with nonsustained ventricular 
tachycardia is consistent with the results obtained in 
other patients with this type of dysrhythmia. Unfor- 


tunately, although inducibility of ventricular tachy- 


cardia in patients with sustained ventricular tachy- 
cardia has both prognostic and therapeutic implications, 
similar findings in patients with CHF have not been 
reported.? 

Electrophysiology of amrinone: In canine Purkinje 
tissue, amrinone has no effect on resting membrane 
potential, refractory period, upstroke velocity or con- 
duction.14 Amrinone decreases the AH interval during 
pacing and reduces AV nodal functional refractory pe- 
riods and sinus node recovery time in intact dogs.!? The 
current study found a similar effect on AV conduction, 
with a decrease in AV nodal functional refractory period 
and 1:1 maximal AV node conduction. Atrial effective 
refractory period also decreased with amrinone in our 
Study, but sinus node recovery times, unlike those in the 
dog studies, were unaffected. None of our patients had 
an adverse effect by virtue of this change in AV con- 
duction. It is possible, however, that the ventricular 
response in patients with atrial fibrillation not on di- 
goxin might be increased. This potential effect of am- 
rinone is similar to the known properties of inotropic 
catecholamines such as dopamine and dobutamine.!® 

The HV interval was prolonged in 9 of 15 patients, 
and there was no significant change in HV conduction 
after amrinone in these patients—suggesting that the 
drug can be given safely to patients with conduction 
abnormalities. 

In summary, hemodynamically effective doses of 
intravenous amrinone enhance AV nodal conduction 


and do not significantly change the potential for induc- ` 


ibility of ventricular tachycardia. During acute oral 
dosing of the drug, there was no significant change in 


the frequency of ventricular extrasystoles, couplets or | 


spontaneously occurring ventricular tachycardia. 
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Intravenous Amrinone i in i Left Ventricular Failure 
Complicated by Acute Myocardial Infarction 
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Hemodynamic dose-response effects of Küsüvenous 
amrinone were studied in 22 male patlents aged 38 
to 62 years with left veritricular fallure occurring 


| within 18 hours of acute myocardlal Infárctlon. After 


hemodynamic confirmation of a ralsed left-sided 
cardiac filling pressure—-pulmonary artery occluded 


- pressure >20 mm Hg—patients were randomized 


to either low-dose infuslon of amrinone (200 


. pg/kg/hr for 30 minutes, 400 ug/kg/hr for 30 min- 
. utes ‘and then. 800 ug/kg/hr for 30 minutes) or 


high-dose infusion of the drug (800, 1,600 and 3,200 
ug/kg/hr. sequentially, each for 30 minutes). He- 
modynamic measurements were obtained at 1 hour 
before amrinone and at the end of each Infusion 
step.:Low-dose Infusion of amrinone resulted in a 
progressive Increase in cardiac output (p <0 ,05) 


and stroke volume dA <0.05) and progressive ro- 


ductions In pulmonary artery oGclüded pressure (p 
<0.01) and systemic vasculár resistance (p «0.05 ). . 
Systemic blood pressure and heart rate were un- 
changed. High-dose Infusion resulted In a similar 
increase In cardiac output (p <0.05) but no change 


In stroke volume owing to associated. tachycardia 


. (p <0.01). There was a significantly greater de- 


crease in pulmonary artery occluded pressure 
compared with the low-dose infusion (p.<0.05), and 
systemic arterial diastolic and mean pressures were 


' also decreased (p <0. 05). The decrease in systemic . 


Development of heart failure after acute nyord | 


infarction has an ominous prognosis,!-? primarily be- 
cause of an abnormal loss of global contractility in the 
left ventricle.*-5 It is reasonable, therefore, to expect 
that drugs with both positive inotropic and peripheral 
vasodilator properties will benefit patients in this 


E high-risk clinical situation. Amrinone, a bipyridine 


derivative, possesses positive inotropic and peripheral 


B tor properties in vitro arid in vivo.7-19 It also has 


beén shown to have beneficial hemodynamic effects in 
patients with congestive heart failure.!!!2 There is little 


information, however, on its hemodynamic effects in . 


patients with acute left ventricular failure complicatirig 


acute myocardial infarction. The present study was 


undertaken to determine e done espotsg effects oi the 
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vascular resistance was of a similar order to that 
Induced by the low-dose Infusion. Both dose ranges 
of intravenous amrinone Improved left ventricular 
pump function, but the hemodynamic efficacy of the 
high-dose Infusion may be limited by associated 
teehyedie. (Am J Cardiol 1985:56: 29B- 32B) 


drugi in this situation. A preliminary report on the first 
16 patients included in the study has been published 
elsewhere.!? 


Methods 


Patients: Twenty-two male patients, aged 38 to 62 years, 
in whom myocardial infarction was confirmed by electrocar- 
diography and serum cardiac enzyme tests were included i in 
the study within 18 hours.of the onset of symptoms. Fifteen 
patients had anterior myocardial infarctions, 7 had inferior. 
All were in sinus rhythm, and systemic arterial systolic pres- 


` guré in each exceeded 100 mm Hg. The average cardiothoracic 


ratio on a standing, full-inspiration 2m posteroanterior ra- 
diograph was 0.53 (range 0.43 to 0.62). Pulmonary vascular 
changes, assessed blindly by standard criteria, showed upper 
lobe diversion in 9, perihilar or interstitial edema in 11 and 
diffuse alveolar edema in 2. Pulmonary artery occluded 
pressure in the supine position exceeded 20 mm-Hg in.each. 
. No patient was receiving concurrent treatment with car- 
dioactive drugs and none was given, other than amrinone, 


- during the course of the study. When appropriate, serum 


potassium concentration was increased to 4.5 mmol/liter by 
intravenous infusion of potassium chloride before intravas- - 
cular cannulation. 


-60:min ' 90 min 


. Amrinone 800—3,200-ug/kg/hr 


m ' . Control 
80 min: . :80 min - (n= 11). 


-Amrinone 200-800 ug/kg/hr < - 


30min: . 


. Hemodynamic Changes After Intravenous Amrinoné Infusion E 
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- Study design: The study was a ee ostia single blind. 2 
pena -group comparison of the hemodynamic effects of 2 
dose ranges of intravenous amrinone. After a 1-hour control . 
period, during which 4 groups of hemodynamic measurements - 
were made, patients were randomized to high- or low-dose 
intravenous amrinone. The low-dose regimen consisted of 200 
ug/ke/hr for 30 minutes, after which the dose was increased 


to 400 ug/kg/hr for 30 more minutes and then to 800 ug/kg/hr 


for a final 30 minutes. The high-dose regimen consisted of 800, 
1,600 and 3,600 ug/kg/hr, sequentially infused for 30 minutes. 


Patients in the low-dose regimen received an avérage gotal 


dose of 51.36 mg (range 39.2 to 59. 9), and patients in the 
high-dose regimen each received a total of 186.4 mg (range - 
131.1 to 240.8) over the period of infusion of 90-minutes. He- | 
modynamic measurements were taken at the end of each 
30-minute infusion. period, Bonieduitely hefore the next i in- 
crement in dosage. ` 

Laboratory techniques: Radiographic and ET 


| hemodynamic measurements were miade by.converitional | 
techniques, which have been reported in detail elsewhere.!3  . 


‘Statistical analysis: Hemodynamic records were evaluated 
blindly by an observer not involved in.data acquisition. 


" Variability of control. observations was determined from the, ` | 


coefficient of variation of the 4 determinations made during 
the 1-hour predrug control period and expressed às a per- . 
centage of the mean. These data were subjected to: analysis 
of variance with trend curve fitting: Significance of differences 
between control and postdrug data was tested by standard -` 


.2-way analysis of.variancé of repeated measures. Fisher's : 


multiple comparison procedure was used to generate a single 
value from which the significance of différences between the 


E dose groups G be determinëd: 


Results 
Clinical. events: No untoward incidents attributable 


to-intravenous amrinone therapy were detected. No 


patient complained of anginal pain or breathlessness 
during infusion or in the immediate postinfusión period. 


‘No patient developed arrhythmia; tachycardia or sys- - 


temic hypotension during the infusion. No immediate ` 


| or long-term hematologic abnormality has been ob- 


served in any of the 18 BULVIVIDE patients, over 12 E 


n | months of follow-up. 


Variability of measurements i in the control pe- . 
riod: Average variability in each. hemodynamic mea- ` 


surement in the 1-hour predrug control period- was 4.2% . 


for systolic blood pressure, 5.796 for diastolic blood - 


. pressure, 3.6% for heart rate, 6.2% for pulmonary artery 
‘occluded pressure and 5.4% for cardisic output. ‘There 


was no statistically significant difference in any variable 
during this period and no difference in variability in any 


of the hemodynamic measurements between’ the 2 pa- 


tient-treatment groups (Table I). 
Comparability of the randomized dose ; groups: | 
Patients in the 2 randomized groups receiving the low- 
and high-dose infusions were adequately matched for 
all major clinical variables; including áge, time of onset 
of symptoms, site and extent of électrocardiographic 
changes, serum cardiac enzyme values, cardiothoracic 
ratio and radiographic changes. .. -. " 
Hemodynamic effects of low-dose infusion200, š 
400 and 800 ug/kg/hr: During the 90 minutes of infu- 
sion, there was no’ statistically significant trend to 


change in systemic blood pressure or heart rate. There 
i progressive increases. in carey DUE and stroke 


T 
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volume, both of which were statistically significant at 
90 minutes from the control period. There was a pro- 
gressive decrease in pulmonary artery occluded pres- 


sure, which was statistically significant at 60 and 90 | 


minutes. Systemic vascular resistance was significantly 
decreased at 90 minutes. ' 

Hemodynamic effects of high-dose infusion—800, 
1,600 and 3,200 ug/kg/hr: There was a progressive 
reduction in systemic arterial mean pressure, which was 
significant at 90 minutes and was due to a decrease in 
the Qliastolic component. There was a statistically sig- 
nificant increase in heart rate at all 3 infusion levels and 
a significant increase in cardiac output during the 2 
higher infusion rates. There was no change in stroke 
volume. There was a progressive decrease in pulmonary 
artery occluded pressure, which was statistically sig- 
nificant at the end of each infusion period. There was 
a progressive decrease in systemic vascular resistance, 
which was statistically significant at the 2 higher infu- 
sion rates. 

Low vs high dose: The reduction in systemic arterial 
diastolic and mean pressure was greater after the 
high-dose than after the low-dose infusion (p «0.05). 
Increase in heart rate was also greater during the high- 
dose infusion (p «0.05). Decrease in pulmonary artery 
occluded pressure was greater after the high-dose 
infusion (p <0.05). There were no significant differences 
between the high- and low-dose groups in changes in- 
duced in cardiac output and calculated systemic vas- 
cular resistance. 

Left ventricular function relations: Both dosage 
schedules decreased pulmonary artery occluded pres- 
sure, and both increased cardiac output. Decrease in 
pulmonary artery occluded pressure was significantly 
greater after each high-dose infusion increment than 
after the low-dose infusions (Fig. 1). 


Discussion 


These studies clearly show that intravenous amrinone 
ameliorates the distorted hemodynamic profile that 
characterizes failure of the left ventricle after acute 
myocardial infarction. There was a clear-cut difference 
between the 2 intravenous infusion dosages regarding 
effects on systemic blood pressure, heart rate and pul- 
monary artery occluded pressure. The 4-fold higher 
dosages induced significantly greater decreases in sys- 
temic arterial and left-sided cardiac filling pressures and 
a greater increase in heart rate. The 2 doses increased 
cardiac output equally, but the lower dose induced a 
significantly greater increase in stroke volume owing to 
tachycardia associated with the latter infusion rate. It 
is difficult to decide which of the doses was more effi- 
cacious in hemodynamic terms in our patients. Increases 
in heart rate are directly related to increases in myo- 
cardial oxygen consumption, however, and the addi- 
tional lowering of left-sided cardiac filling pressure 
achieved by the much higher dose was relatively modest 
(average 5 mm Hg). Thus, clinical caution would indi- 
cate that therapeutic attention be concentrated on the 
Jower dose. 

We were not concerned with amrinone's mechanism 
of action in these critically ill patients. The dose-related 


decrease in left-sided cardiac filling pressure with both 
doses and the dose-related decrease in systemic arterial 
diastolic pressure with the higher dose suggest, however, 
that there was a direct dilator effect on venous capaci- 
tance and systemic arteriolar resistance vessels. Greater 


" peripheral vasodilator effects with the higher dose 


combined with equal increases in cardiac output at both 
doses may indicate quantitatively different dose-re- 
sponse effects on myocardial and vascular smooth 
muscle. Tachycardia at the higher dose may have been 
a reflex response to decreased systemic arterial diastolic 
pressure, although direct stimulus of the sinus node in 
acute LV failure cannot be excluded. Cardiac output 
showed similar increases at both doses, but increased 
stroke volume observed with the lower dose was offset 


* at the higher dose by tachycardia. 


Our studies furnish no evidence as to the mechanism 
by which amrinone increased cardiac output. Reduction 
of high left ventricular filling pressures typically en- 
hances any direct positive inotropic activity of the drug; 
but, from our pragmatic observations, we could not 
gauge the proportionate roles of the drug’s peripheral 
and central effects. Reduced left ventricular afterload 
probably had little influence on pumping activity. The 
game increases in cardiac output were observed after 
both doses of the drug, whereas systemic arterial dia- 

' stolic pressure was unchanged by the smaller dosage. 

It is important to emphasize the limitations of dose- 
response studies in a relatively small number of patients 
in parallel groups, particularly when an incremental 
dose regimen is used. Fortunately, the patients ran- 
domized to each treatment group were matched for 
major clinical and hemodynamic variables. The validity 
of amrinone-induced hemodynamic changes was en- 
hanced by the stable hemodynamic baseline established 
in each patient before the infusion. We did not measure 
plasma amrinone concentrations, but previous work has 
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. Left heart filling pressure (PAOP mm/Hg) 


FIGURE 1. Relation between changes in left-sided cardiac filling 

after either low-dose (200, 400 and 800 uug/kg/hr) or high-dose 
(800, 1,600 and.3,200 ug/kg/hr) Intravenous Infusions of amrinone in 
22 patients (11 in each dose schedule) with left ventricular fallure 
complicating acute myocardial infarction. C = average of 4 hemody- 
namic measurements over 1 hour before amrinone infusion; PAOP = 
pulmonary artery occluded pressure. 


H 
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demonstrated a predictable increase in plasma amri- 
none concentration during intravenous infusion,!4 with 
substantial pharmacodynamic activity detectable be- 
tween 2 and 10 minutes and persisting for up to 3 
. hours.!? In our studies, all patients received all titrated 

doses, the infusion lasting for 90 minutes and main- 
tained constant at the highest rate for 30 minutes. It is 
probable, therefore, that the hemodynamic changes we 
measured were directly related to amrinone's phar- 
macodynamic effects. 

These results in our patients with acute left ventric- 
ular failure are broadly compatible with previous ex- 
perimental observations and studies in patients with 
chronic heart failure. There is little doubt that in vitro 
- the drug has substantial positive inotropic effects.51° 
How cardiac pumping function is improved cannot be 
determined from measurement of global circulatory 
changes either in the intact animal or in the patient in 
heart failure. Our studies raise the possibility, however, 


that an additional benefit of amrinone to the patient in © 


heart failure may be due to its peripheral vasodilator 
activities, particularly its effects on the venous capaci- 
tance system. 

Despite limitations imposed by the experimental 
design we used, certain broad conclusions may be ad- 
vanced concerning the clinical implications of our 
studies. In both dose ranges, amrinone decreased the 
critically raised left-sided cardiac filling pressure and 
increased cardiac output without altering the coronary 
perfusion gradient. Our results may suggest that the 
lower dose range was potentially the more beneficial, 
because tachycardia was induced by the higher dose. 
Our results also indicate that the therapeutic role of 
intravenous amrinone in patients with left ventricular 
failure complicating myocardial infarction should be 
further explored. Its place in combination with such 
drugs as diuretics and other vasodilators should be ex- 
amined. Whether such hemodynamic manipulations 





affect the survival of these critically ill patients is a 
fundamental! question also worthy of consideration. 
Acknowledgment: The authors wish to thank Sister J. 
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help with these RUdcien: 


References 
1. Forrester JS, Diamond G, Chatterjee K, Swan HJC. Medical NA 
by application of c subsets. 


acute myocardial Infarction 
J Med 1976;295: 1356-1362, 1404-1413. 

2. Cohn JN, Franciosa J Francis GS, Archibald D, Tristan! F, Fletcher R, 
Montero A, Cintron G, arke J, Hager D, Saunders R, Cobb F, Se A, 
Loeb H, Settle H. Effects of short-term Infusion of sodium n 
mortal ats dcute myocardial infarction corplicated bylai vanie 
fallure. Results of a Veterans Administration cooperative study. N Engl J 
Med 1982;208:1129—1135. 

3. Wolfenbutte! BHR, Verdouw PD, Scheffer MG, Bom HPA, Bijleveld RE, 
Hugenholtz PQ. Significance of hemodynamic variabies In coronary care 
unit for prediction of survival after acute myocardial infarction. Br Heart J 
1983;50:266-272. 

4. MacKenzle GJ, Taylor SH, Flenley DC, McDonald AH, Staunton HP , Donald 
KW. Circulatory and respiratory studies In myocardial infarctlon and car- 
dlogenic shock. Lancet 1964;1:825—-832. 

5. Hamosh P, Cohn JN. Left ventricular function In acute myocardial infarction. 
J Clin Invest 1971;50:523-533. i 

8. Rigo P, Murray M, Strause HE, Taylor D, Wm D, Welsteid! M, Pitt B. Loft 
ventricular function In acute ‘myocardial in ction evaluated by gated 
scintigraphy. Circulation 1974;50:678-883. 

7. Alousi A, Farah AE, Lesher GY, Opalka CJ Jr. Cardiotonic activity of am- 
none WIN 40880): 5-amino-3 ,A'-blpyridin-8(IH-one (abstr). Fed Proc ' 

78;37:914. 

8. Slegi PKS, Morgan G, Sweet CS. Respones to amrinone in isolated cardiac 

oa re: from cat, rabbit and guinea pig. J Cardiovasc Pharmacol 1984; 
81-287. 

9. Toda N, Nakajima M, Nishimura K, Miyazaki M. Responses of Isolated dog 

arteries to amrinons. Cardlovasc Res 1984; 18:174~182. 


on Isolated human tissue. Cardiovasc Res 1984; 18:302-309. 

11. Wiümhurst PT, Thorripson DS, Jenkins BS, Coltart DJ, Webb-Peploe MM. 
Hemodynamic effects of intravenous amrinone in patients with Impaired 
left ventricular function. Br Heart J 1983;49:77-82. 

12. Benotti JR, Grossman W, Braunwald E, Davolos DD, Alousi AA. Hemo- 
dynamlc assessment of amrinone: a new Inotroplc agent. N Engl J Med 
1978;299:1373—-1377. 

13. Verma SP, Silke B, Reynolds GW, Hafizullah M, Jackson NC, Richmond 
A, Taylor 8H. effects of intravenous amrinone 
in left ventricular failure complicating acute myocardial infarction. J Car- 
diovasc Pharmacol 1985, in press. 

14. Edolson J, tcs eiie J, Kershner RP, Ryan JJ, McMahon FG. Dose 

. Clin Pharmacol Ther 1983; 34:190— 194. 

Matsumoto 


nonadrenergic cardiotonic 
myocardial fallure In man. Circulation 1979:59:1098-— 1104. 





_Amrinone in the Management of Low Cardiac Output 


After Open Heart Surgery 


MARTIN GOENEN, MD, ONEGLIO PEDEMONTE, MD, PHILIPPE BAELE, MD, 
and JACQUES COL, MD 


Hemodynamic effects of amrinone were studied in 
2 groups of patients after open heart surgery. Group 
| consisted of 10 patients with moderate heart fall- 
ure. In the absence of Inotropic agents, thelr mean 
cardiac Index (Cl) was 2.02 + 0.41 Ilters/min/m? 
and mean pulmonary capillary wedge pressure 
(PCWP) 19 + 3 mm Hg. Amrinone was administered 
24 hours postoperatively by bolus Injection (2 
mg/kg) and by 12-hour infusions (20 g/kg/min). 
Hemodynamic data and plasma concentrations 
were obtained 10 and 20 minutes after the bolus 
Injection and at 1, 4, 8 and 12 hours during infusion. 
Significant beneficlal changes were noted In Cl, 
PCWP, right atrial pressure, systemic vascular re- 
sistance and pulmonary vascular resistance. Group 
li consisted of 5 patients In severe cardiogenic shock 
(mean CI 1.97 + 0.3 Ilters/mIn/m?, mean PCWP 28 
+ 8 mm Hg) despite adrenergic agonists in all pa- 


The majority of open heart surgery patients are free of 
complications within 24 hours after surgery. Never- 
theless, morbidity and mortality rates increase with 
preexisting impaired ventricular function, perioperative 
deterioration of myocardial function or perioperative 
myocardial infarction. 

Kouchoukos and Karp! state that mortality may 
reach 25 or 3096 without early recognition of myocardial 
insufficlency and appropriate therapeutic measures, 
including the use of inotropic drugs and the intraaortic 
balloon pump. Use of inotropic agents is seldom re- 
ported, but our group uses them in about 10% of pa- 
tients. Other investigators have reported using the in- 
traaortic balloon pump in 3 to 596 of patients.?? 


From the Department of Intensive Care, Saint-Luc University Hospital, 


Brussels, Belglum. 

Address for reprints: Martin Goenen, MD, Department of Intensive 
Care, Saint-Luc University Hospital, 10, Avenue Hippocrate, B-1200 
Brussels, Beigium. 


tients and Intraaortic counterpulsatlon In 2. After 
these measures, amrinone was given intravenously 
for 36 to 72 hours as additional inotropic support. 
Significant Improvement was observed In Cl, PCWP, 
right atrlal pressure, systemic vascular resistance 
and pulmonary vascular resistance. Four patlents 
in this group were discharged; 1 patient died after 
5 days in acute renal failure and coma grade IV. No 
serlous adverse effects of amrinone were observed 
in any group II patient. Amrinone administered soon 
after open heart surgery had a beneficial effect on 
patients with moderate heart failure. Amrinone also 
markedly Improved the hemodynamic status of 
patients in cardiogenic shock already treated with 
adrenergic agonists or intraaortlc counterpulsation. 
Except in 1 patient from group I, no major adverse 
effects were observed. 

(Am J Cardiol 1985;56:33B-38B) 


Current inotropic drugs such as epinephrine, do- 
pamine, dobutamine and isoprenaline, alone or with 
vasodilators, have hemodynamic benefits, but they also 
have adverse effects, some of which are dose depen- 
dent. ^5 

Amrinone is also recognized as an effective inotropic 
drug. Although amrinone's mode of action is not en- 
tirely understood, its inotropic action is accompanied 
by an inhibition of phosphodiesterase with a subsequent 
increase of cyclic adenosine monophosphate. It has been 
reported that amrinone potentiates the effects of ad- 
renergic drugs?? and is not inhibited by B-blocking 
agents. Amrinone also may be considered as a direct 
vasodilator in systemic and pulmonary vascular 
beds.?.10 

The present study was undertaken to determine the 
efficacy and safety of amrinone therapy at various doses 
in moderate heart failure within 24 hours after open 
heart surgery and to test the efficacy of the drug in pa- 
tients in severe postoperative cardiogenic shock despite 
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TABLE | 
Patient NYHA 

No. Age/Sex Class Diagnosis 
1 55/M IV CAD, AS, AR 
2 60/F IV MS 
3 57/M Hl HC, MR, AR 
4 63/M ii CAD 
5 57/F IV AS, AR, MR 
6 70/M ili MS, MH 
7 73/F IV AS 
8 65/F IV MS, MR 
9 78/F IV S 

10 69/F IV MS, MR, TR 


Preoperative Clinical Data and Operative Procedures (Group 1) 


Postoperative 
Rhythm MVR AVR CABG 
Sinus T F T 
' + 0 0 

AF 0 + + 
Sinus 0 0 F 
Pacing T + 0: 
Pacing t 0 0 
Sinus 0 + 0 

' Pacing + 0 0 
AF 0 E 0 e. 
Pacing +* 0 0 . 


AF = atrial fibrillation; AR = aortic regurgitation; AS = aortic stenosis; AVR = aortic Haud s eio 


CABG = 


bypass graft; CAD = coronary artery disease; HC = hyp 


coronary artery ertrophic lomyopathy; 
MR = mitral regurgitation; MS = mitral stenosis; MVR = mitral valve replacement; NYHA = New York 


Heart Association; TR = tricuspid regurgitatlon. 
* Tricuspid valve angioplasty, also. 


TABLE Il 
(Group Il) 
Patlent NYHA 

No. Age/Sex Class Diagnosis 
1 58/M IV CAD, MI 
2 AT/F ill MS, TS 
3 39/M IV MR, TR, ASD 
4 58/F IV CAD, MI, AR 
5 56/M IV Constrictive 

pericarditis 


Preoperative Clinical and Hemodynamic Data and Operative Procedures 


Cardiac 

index PCWP Operative 
(IIters/min/m*) ^. (mm Hg) Procedure 

2.0 15 CABG 

3.2 24 MVR, TVC 

1.49 34 MVR, TVA 

2.3 30 CABG, AVR 

1.9 18 Pericardectomy 


ASD = atrial septum defect; MI = myocardial infarction; PCWP = pulmonary capillary wedge pressure; 
valve 


TS = tricuspid stenosis; TVA = tricuspid valve angloplasty; TVC = 


abbreviations as in Table |. 


prior optimal therapy with inotropes, vasodilators and 
intraaortic counterpulsation. 


Methods 


Study patients: Fifteen patients undergoing open heart 
surgery were included in this study. Ten patients (group I) had 
moderate heart failure postoperatively; cardiac index (CI) was 
<2.5 liters/min/m? and pulmonary capillary wedge pressure 
(PCWP) was >15 mm Hg. Five patients (group II) sustained 
severe postoperative cardiogenic shock; mean CI was 1.97 + 
0.3 liters/min/m? and mean PCWP was 28 + 8 mm Hg. Pre- 
operative data and operative procedures for these patients are 
listed in Tables I and II. 

Surgical procedures: Extracorporeal circulation and 
moderate hypothermia (25 to 27°C body temperature) were 
used during each operation. Myocardial protection was pro- 
vided by potassium cardioplegia and local hypothermia; the 
myocardial temperature was maintained at 14 to 17°C. In each 
case, inotropic drugs such as epinephrine or dopamine with 
nitroglycerin were required to wean the patients from the 
bypass. 

Postoperative measures: All patients were slightly se- 
dated and under controlled intermittent positive pressure 
ventilation, using a volume cycled ventilator to keep arterial 
oxygen tension and pH within normal limits. During the entire 
study, neither significant blood loss nor volume expansion was 
noted. Before administration of amrinone, 3 patients were in 
sinus rhythm, 3 in atrial fibrillation and 4 had ventricular 
pacemakers. (In the 10 patients of group I, the drugs required 
to wean patients from bypass could be progressively with- 
drawn and were stopped at least 4 hours before amrinone 
administration. eon was given 24 hours after the oper- 
ation.) 


tricuspid commissurotomy; other 


The lead II electrocardiogram, left radial artery pressure, 
right atrial pressure, pulmonary artery pressure and PCWP 
were displayed simultaneously and recorded. Pressures were 
obtained through an indwelling 7Fr Swan-Ganz catheter 
connected to Statham 23 Db strain gauges and recorded with 
a Philips Cardiopan 3M. Pressures were measured at the end 
of expiration. 

Cardiac output determinations (CO computer, Edwards 
Laboratories) were performed by the thermodilution tech- 
nique; the given values are the mean of at least 3 measure- 
ments, with a maximal deviation of 5%. Cardiac index, stroke 
index, gystemic vascular resistance, pulmonary vascular re- 
sistance and left and right ventricular stroke work indexes 
were derived through standard formula. 

Study design (group I—moderate heart failure): After 
control measurements of pressures and cardiac output were 
obtained, amrinone was injected by bolus (2 mg/kg). Twenty 
minutes later, a constant control infusion of 20 ug/kg/min was 


. initiated and continued for 12 hours. Simultaneous hemo- 


dynamic data and blood samples for amrinone plasma con- 
centrations and metabolites were obtained 10 and 20 minutes 
after bolus, then 1, 4, 8 and 12 hours during infusion. Adverse 
effects were carefully mónitored. 

Study design (group II —cardiogenic shock): All 5 pa- 
tients received optimal adrenergic inotropic support, and 2 
patients received intraaortic balloon pumping (Table IIT). 
Amrinone was added to this therapy at doses up to 20 
ug/kg/min. Duration of therapy ranged from 36 to 72 hours. 
No regular blood samples for plasma concentration could be 
obtained. 

Statistical analysis: The hemodynamic data were evalu- 
ated by the Wilcoxon paired test and were compared to the 
control values. The results are expressed as mean value + 
standard deviation. 


$ LI = N ne er, a a a) 
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TABLE Ill Hemodynamic Data and Circulatory Support 
Before Use of Amrinone (Group II) 


Cardiac Index 
dd Patient (IIters/ PCWP | 
No. t min/m?) (mm Hg) Therapy š " : E x 
2 e N p 
1 2.0 18 IABP $ |9rb9goegu 9 F 3 
© DB 1 onim SE aaa aa A An S 
2 1.5 30 IABP è q99PSSANT? & FAD ca 
DP 7 ug/kg/min a is 
DB 7 ug/kg/min : : a 
NTG 1 ug/kg/min ME" oL. Oy il = 
3 1.9 20 ISO 1 ug 9 orearen sS 8 Ban 2 t 
ATA CORO min 2| $9| aces Å HAH £2 
4 2.3 35 DB 11 ug/kg/min t N Qoocc-iuooOs- N Noo $, 
DP 7 ug/kg/min = AOANOKNANT er T QNg = 
a NTG 1 ug/kg/min < SM as i 
5 1.9 38 . DB 14 ug/kg/min E z 
LL. DP f2 ug/kg/min : ml 5 TZ 5i 
DB = dobutamine; Dp = dopamine; IABP = P = Intrasortic balloon pump; E UB. eus e oce. wi. San ie 
ISO = isoproterenol; NTG = nitroglycerin; PCWP = pulmonary capillary S| BS HHHHHHHHH H HHH HE 
eran | B" SSSSSRATS RO BID gi 
r = " i = 7 a 
Results (Group I) HE | y $ 
. Hemodynamics: Cardiac index increased signifi- ö 2 T E QUESTO E: o E < Z 
cantly 10 minutes after bolus and during the entire 9 $|83g AAHHHHHHE H HHH x9 
infusion period of amrinone (+31%, p «0.001). Left and E =| |Sgz25t2f9 © gx È Ii 
right ventricular filling pressures decreased significantly E 5 dq oT : š x : 
(—26% and —28%, respectively), as did systemic and | r : 
‘ pulmonary vascular resistance (—33% and —35%, p i: 9 o. š E 
<0.001). Mean pulmonary pressure fell by 20% (p s 3 _|Onanreebn N Kwan a 9 
<0.001), but stroke work index did not change. The 2 ud DURUM LAE = Apa 9795 
decrease in mean systemic arterial pressure was not = T Š N D $ EIC ao m. d 5 o 
significant, but the diastolic arterial pressure was sig- . $ v È 3 
nificantly reduced 8 and 12 hours after the infusion was e i " e : = 
initiated. Heart rate remained unchanged in 5 patients i $ Brora uae WE 222 
e . i , 2. yd BU, Oir rr onto O0 ONN li 
(4 patients with pacemakers) but increased significantly Sl jaa H HHH = : A 
in the other 5. The infusion of amrinone had to be dis- v &8l2"auzssga?r- 5 geo GEN 
. continued in 1 of these 5 patients because of aggravation 9 E N j F N T a a 
- of preexisting supraventricular tachyarrhythmia. The 3 [3 E - T 
mean hemodynamic data are listed in Table IV. m| 3 i A eu 2% 
Plasma concentration of amrinone and metabo- £ a E L|oRQePoebiont D Ron E Bo 
lites: Amrinone plasma levels increased progressively 5 S EH Hd Hd Li | : E 
in 5 of 8 patients with complete plasma sampling (peak FEL o |G@Namnoaare N OAS e 59 
8.8 to 12.6 ug/ml). By contrast, peak levels of the me- 9 n = PFE: 
tabolite N-acetyl-amrinone were relatively modest (0.12 3 a |x - i$ b 
to 0.60 ug/ml) and N-glycolyl-amrinone remained un- $ S |So9899?269 9 Bon ET 
detectable. In the remaining 3 patients, amrinone 3 $9 -H-H-dH-H-dHdiH-H H HHH a 5S 
plasma levels did not continue to increase with infusion E "|8889$3959?2 = BAT Ba - 
time (peak 3.2 to 5.7 ug/ml), and metabolite levels were 5 Sp ms an o S 5 
higher than those of the other 5 patients (Table V). = Sus 
Adverse effects: The number of platelets remained a 3 5a 
essentially unchanged (89,750/mm? vs 80,220/mm?, t i 3$ 
mean values). Árterial oxygen tension decreased 10. S € "PE I d Suk 
minutes after the bolus injection (from 88 + 28 to 70 + = t 99gfrfg Rh 5c t m g g 
20 mm Hg), then it increased progressively during per- g Ets = E E E ? 230 E os 
fusion and reached the control values (82 + 30 mm Hg). 2 BEREEET SE £ Ess in 
| El aaa dac ór an snodi 
| Results (Group Il) > casaiiBPio & Se HIM 
7C  Thehemodynamic state improved markedly in all 5 s anal = 
patients (Table VI). Cardiac index rose by 60% (p < S Cone rs 


<0.001). Pulmonary capillary wedge pressure (—29%), 
right atrial mean pressure (—2396) and systemic and 
pulmonary vascular resistance (—50% and —52%, re- 
spectively) decreased significantly. Heart rate was al- 


a a adaa 
a 
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TABLE V Mean Plasma Levels (ug/ml) of Amrinone (A), N-Acetyl-Amrinone (N-A) and N-Glycolyl-Amrinone (N-G) 


| Bolus injection Continuous Infusion. 

10 Minutes 20 Minutes ` 1 Hour 4 Hours 8 Hours 12 Hours 

| Slow acetylators | A 4.2 40.5 3.1 + 0.6 . 3.5 + 0.6 7.32 1.8 8.6 + 1.3 11.2 + 1.6 

|. (n= 5) N-A <0.1 <0.03 0.08 + 0.04 0.24 + 0.16 0.25+ 0.15 0.37 4 0.2 

| N-G ND. ND ND “ND > ND ` “ND 

Fast oe A 3.2 + 1.2 2.1 + 0. 1.4 + 0.7 , 9.0 + 1.4 3.4 + 0.7 4.1 x: 1.4 
(n= = 3) N-A 0.23 + 0.03 0.30 + O. 0.22 + 0.16 0.53 + 0.13 0.79 + 0.35 1.24 + 0.01 
NAG «0.14 . 0.12 + 0. 0.15 + 0.01 0.45 + 0.42 | 0.35 + 0.19 0.24 + 0.06 





ND = nondetected. 


most unchanged. Four patients were discharged; 1 pa- 
tient died on day 5 in acuté renal failure and cerebral 
dysfunction (irreversible coma). No serious adverse 
ehocts were noticed. 


Discussion 

Most hemodynamic parametets improved signifi- 
cantly when amrinone was administered either by bolus 
injection or continuous infusion in 10 patients with 
moderate postoperative heart failure (group I). Amri- 
none was also responsible for significant hemodynamic 
improvement in 5 patients with severe cardiogenic 
shock despite optimal treatment. (group II). 

- In group I, hemodynamic function showed maximum 
improvement 10 minutes after bolus injection and re- 
mained sighificantly enhanced during the entire infu- 
sion. Spontaneous hemodynamic improvenient soon 
after open heart-surgery is possible; but in this case it 
is not probable, because the study was carried out 24 
hours after surgery at a time when patients were he- 
modynamically stable. Moreover, 4 out of 10 patients 
had to be given inotropic drugs a few hours after with- 
drawal of amrinone. In 1 group II patient, amrinone was 
prematurely withdrawn, with subsequent major he- 
modynamic deterioration (Fig. 1). Another infusion of 
amrinone completely reversed this situation. Sustained 
benefit has been reported by Klein et al! in a compar- 
ative study of amrinone and dobutamine. 





Donn TY Dou! TY: eA RE NEM qu ER e: 


¢ Y 20 4H 124 1H 24H 


. Qur study does not provide an explanation of amri- 
none’s mechanism of action. Several experimental and 
clinical reports indicate, however, that amrinone in- 
creases the myocardial contractility (increase in dP/dt) 
and reduces the ventricular ejection impedance.®!2 A 
significant decrease in arterial diastolic pressure without 
marked changes in systolic pressure suggests that am- 
rinone acts as a vasodilator.?.19 

Although myocardial oxygen consumptiori (MVOs) 
was not measured, it. probably would not increase with 
amrinone. The expected i increase in MVO» secondary 
to increased myocardial coritractility may be neutralized 
by a dectease in ventricular preload and afterload. This 
hypothesis was confirmed by Prokein,!? Saborowski!^ 
and their co-workers, who reported no increase in MVOs 
in coronary patients treated with amrinone. Benotti et 
all? even reported a significant decrease in MVO» after 
a single-dose injection of amrinone. 

The hemodynamic benefits of amrinone were clear 
in moderate postoperative heart failure, but amrinone’s 
potentiation of the effect of adrenergic drugs in severe 
cardiogenic shock may be one of the agent’s most at- 
tractive features. The addition of amrinone to therapy 
restored adequate hemodynamic function in 5 patients 
in group II after volume loading; inotropes and vaso- 
dilators had failed to do so. Four of these 5 patients were 
discharged from the hospital. 

Amrinone also appears to potentiate responses to 
isoprenaline and histamine.’'¢ It has been shown re- 


FIGURE 1. Individual changes in car- 
diac index (CI), stroke work Index (SI) 


(E hirini?) and pulmonary capillary wedge pres- 
l sure (PCWP) before and during amri- 
Si none (AMR) infusion in a case of valve 
(mi. m?) replacement with intractable cardio- 


| PCWP genic shock, despite dopamine (DOPA) 
(mmHg) 7 ug/kg/min, dobutamine (DOBUT) 7 
g/kg/min and intraaortic counterpul- 
sation (CPIA). AMR 0 indicates a 1-hour 
interruption: of AMR administration, 
leading to a significant hemodynamic 
deterioration. i 


ee 
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cently that amrinone and isoproterenol in combination 
were more effective than either used separately in a 
patient with severe verapamil intoxication.!? 


Completed plasma samples for concentrations in . 


amrinone and metabolites were taken from 8 patients 
in group I. These samples show an apparent correlation 
between mean amrinone plasma levels and increase in 
CI after bolus injection (Fig. 2), confirming results re- 
ported by Edelson et al.18 During infusion, however, 
only 3 patients demonstrated a relation between CI and 
amrinone plasma level, which remained almost un- 
changed (2 to 4 ug/ml) while the metabolite levels in- 
creased. In the. other 5, the plasma concentration of 
amrinone increased with time of infusion, without a 


corresponding increase in CI. The results suggest a - 


therapeutic plasma level between 2 and 4 ug/ml and the 
existence of 2 groüps of patients, depending on the rate 
at which amrinone is metabolized. This metabolism 
occurs, at least partially, by acetylation of the amine 
group to give successively inactivé metabolites, N-ace- 
tyl- and N-glycolyl-amrinone. 

Adverse effects generally reported with inotropi¢s!® 
were not encountered. Thrombocytopenia is common 
after open heart surgery, and the individual variations 
in the platelet level may therefore not be related to 
amrinone. Mention must be made of the occurrence of 
temporary hypoxemia, which probably results from a 
disturbance of the ventilation-perfusion ratio after the 
increáse in CI and vasodilation. Exacerbation of 
preexisting supraventricular tachyarrhythmia in 1 pa- 
tient after bolus injection, which led to early withdrawal 


of the drug, may have resulted from the highest plasma . 


amrinone level after bolus (4.7 ug/ml). 
Amrinone clearly enhances hemodynamic perfor- 
mance (expressed by increase in CI and decrease in 


8g—-* slow acetylators 
«-- fast acetylators 





720 min 
60 POST 


480 


BOLUS 
2mgikg 


FIGURE 2. Relation between improvement in cardiac Index (CI) and 
plasma concentration (Cp[A]) of amrinone in 8 patients. Two groups 
of patients differentiate by fast or slow metabolism of amrinone (fast 
acetylators, slow acetylators). 


-INFUSION 
20 ug/kg/min 


' Hemodynamic Data During Infusion of Adrenergic Inotropic Drugs (C) and When Associated with Amrinone (A) in Five Patients 
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right ventricular stroke work index; 
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systemic vascular resistance. 
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preload and afterload) when it is administered 24 hours 
after open heart surgery to patients with moderate to 
severe heart failure. Nevertheless, it is still difficult to 
ascertain the specific place of the drug in overall ther- 
apy. From our experience, amrinone potentiation re- 


sponse to other adrenergic drugs seems very promising ` 


in therapy for severe postoperative cardiogenic shock. 
Further investigations are needed to ascertain the ra- 
tionale of our approach. 


. Kouchoukos NT, Karp RB. Functional disturbance following e. 
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Clinical Safety of Intravenous Amrinone—A Review 


Clinical trials of Intravenous amrinone were per- 
formed in 462 patients severely ill with congestive 
heart failure. All were monitored invasively. Adverse 
reactlons were complicated by underlying disease 
severity and concomitant drug therapy. No consis- 
tent pattern of arrhythmias emerged In relation to 
Intravenous amrinone administration. Thrombocy- 
topenla was noted In 2.4% of patients, but It was 
asymptomatic with no demonstrable bone marrow 
depression or antiplatelet antibodies. Gastrointes- 
tinal adverse effects, hypotension and fever were 
rare, each occurring In fewer than 2% of patients. 
Liver enzyme alterations were seen in 1 patient, but 


Amrinone, approved for intravenous use by the Food 
and Drug Administration on July 31, 1984, has been 
used clinically in more than 5,000 patients in the United 
States as of November 1, 1984. 

In the clinical population in which the drug was 
studied, patients were severely ill with congestive heart 
failure; most were in poor general health. All were 
monitored invasively. Adverse reactions to drug therapy 
"were complicated by severity of underlying disease 
and concomitant administration of other medications. 


Clinical Trials 


The New Drug Application and the Summary Basis 
of Approval for amrinone describe an adverse reaction 
profile that emerged during clinical trials (Table I). 
Arrhythmias were noted in 3% of 462 patients. A high 
percentage of this patient population, however, had 
class III to IV failure and experienced arrhythmias as 
a component of their disease process. In the amrinone 
adverse reaction profile, no consistent pattern of ar- 
rhythmias emerged; in essence, they were no different 
from those seen before the drug was administered. 


There was no relation between arrhythmias and either . 


total daily dose or cumulative dose of amrinone. Nac- 
carelli et al! have presented data on amrinone's lack of 
arrhythmogenic potential. 

‘Thrombocytopenia, a platelet count «100,000/mm?, 
was noted in 2.496 of the patient population. Most of 
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it could not be determined whether these changes 
were related to intravenous use of the drug. Chest 
pain and Irritation at the site of Injection were noted 
In 1 patient each. Spontaneous anecdotal postap- 
proval reports cited tachycardia, livor enzyme ele- 


. vation, thrombocytopenia, intravenous site Irritation, 


failure to respond and anaphylactold response as 
adverse effects or possible adverse effects; each 
was mentioned in 3 or fewer reports. Drugs con- 
tralndicated for concomitant use with intravenous 
amrinone are listed, and chemical interactions with. 
glucose solutions and Intravenous furosemide are 
discussed. (Am J Cardiol 1985;56:39B-40B) 


these patients had platelet counts before initiation of 
intravenous amrinone, and again after addition of in- 
travenous amrinone. Various investigators conclude 
from direct amrinone binding studies that platelet re- 
duction is due to a decrease in platelet survival time. 
Further, the mechanism appears to be dose dependent. 
No evidence exists that this effect is due to immune 
response or to a platelet activating factor.? No circu- 
lating antibodies have been revealed. Several patients 
who developed thrombocytopenia while receiving am- 
rinone had bone marrow examinations that were normal 
or showed evidence of megakaryocytosis.” 

Gastrointestinal adverse effects were relatively rare 
and at times were indistinguishable from those due to 
hepatic congestion associated with congestive heart 
failure. Hypotension was noted in 1.3% of patients, 
probably due to amrinone's vasodilatory activity. Fever 
was seen in 0.9%. 

Liver enzyme alterations were observed in 1 patient. 
This patient-had been maintained on a compassionate 
protocol of oral amrinone for 3 months. After a sudden, 
rapid deterioration of her heart failure, she was hospi- 
talized and placed-on intravenous amrinone. Her liver 
enzymes began to increase very rapidly within 24 hours 
of intravenous therapy, and she died in 2 days. It could 
not be determined whether this patient’s elevation in 
liver enzymes was due to the end-stage nature of her 
disease or to the drug. 

Irritation at the site of injection, due to infiltration 
of the intravenous line, was noted in 1 patient. Un- 
qualified chest pain was reported by another; its exact 
nature could not be determined. 


LI al 
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TABLE | Adverse Reaction Profile from Clinical Studies 
with Intravenous Amrinone in 462 Patients 


Adverse Reaction incidence (96) 
Arrhythmia 3.0 
` Thrombocytopenia 2.4 
Gastrointestinal 
Nausea 1.7 
Vomiting 0.9 
Abdominal pain 0.4 
Anorexia . 0.4 
Hypotension 1.3 
Fever 0.9 
Liver enzyme alterations 0.2 
' Chest pain 0.2 
Burning at the site of injection 0.2 


Spontaneous Reporting 


À series of spontaneous anecdotal postapproval re- 
ports from physicians in the United States is summa- 
rized in Table II. 

Tachycardia: One patient received bolus dose, un- 


specified, of amrinone. The heart rate increased from : 


135 to 185 beats/min, and the drug was discontinued. 
Apart from this adverse effect, the physician noted that 
the patient's reponse to the drug had been excellent. 
Liver enzyme elevation: In 1 patient, a liver enzyme 
‘elevation developed about 36 hours after intravenous 
 amrinone therapy. This patient was receiving multiple 
drug therapies consisting of digoxin, popemune and 
dobutamine. - 
In a second patient, who had developed severe heart 


failure after coronary bypass surgery, the liver enzyme. 


elevation occurred as soon as amrinone was adminis- 

tered. Because of the increasing liver enzymes, together 
with an increasing bilirubin level, amrinone was dis- 
continued. This patient also had been on numerous 
medications, including digoxin, furosemide, cimetidine, 
cefazolin, insulin, dopamine and nitroprusside. The 


attending physician felt that the elevation in liver en- ` 


zymes had been due to the critical clinical state rather 
than the drug. 

Thrombocytopenia: There were 2 reports of patients 
with thrombocytopenia. In the first, the platelet count 
dropped from 112,000 to 80,000/mm? after intravenous 
amrinone was administered. This difference may be 
considered a laboratory variation. In a second patient, 
the platelet count dropped on the third day of therapy 
from a pretreatment level of 245,000 to 45,000/mm93. 
. The patient was on an intraaortic balloon pump for 
severe heart failure following an acute myocardial in- 
farction. 

Intravenous site irritation: This problem was de- 
tailed in 3 spontaneous reports. The irritation was at- 
tributed to infiltration of the intravenous line in each 
case. In no case was there mention of necrosis, which has 
been seen with the catecholamines. 

Hypotension: In 1 reported case, the patient's blood 
pressure was 90/70 before administration of intravenous 
amrinone and dropped to 70/50 soon afterward. The 
. drug was discontinued. 

.. Miscellaneous reports: Two patients appeared ei- 
ther unresponsive to or adversely affected by amrinone. 
One physician reported that his patient failed to re- 


TABLE Il Adverse Reactions Cited In Spontaneous 
Anecdotal Postapproval Reports Recelved from 
U.S. Physicians, August 25 to November 2, 1984 


~ Adverse Reaction Number 


Intravenous site irritation 
tension 
ipit ded color of urine 
iscellaneous reports 


ND =i NNA 





spond to the drug and ultimately died. Another said 
that when intravenous amrinone was administered to 
a patient in severe failure with pulmonary edema after 
an acute myocardial infarction, the patient became 
progressively worse and more breathless, causing the 
physician to suspect an anaphylactoid reaction. Al- 
though treated appropriately, the patient subsequently 
died. 

Winthrop-Breon Laboratories is currently conduct- 
ing a postmarketing surveillance study under the aus- 
pices of the Boston Collaborative Drug Surveillance 
reporting system. In this study, 1,000 patients will be 
monitored for adverse effects while on intravenous 
amrinone. 


Concomitant Use and Drug Interaction 


In the patient population studied during clinical 
trials, most were taking concomitant medications. No . 
untoward éffects were observed when intravenous am- 
rinone was administered to patients who were taking the 
following drugs: digitalis glycosides, lidocaine, quini- 
dine, metoprolol; propranolol, hydralazine, prazosin, 
isosorbide dinitrate, nitroglycerin, chlorthalidone, 
ethacrynic acid, furosemide, hydrochlorothiazide, spi- 
ronolactone, captopril, heparin, warfarin, potassium 
supplements, insulin or diazepam. There has been 1 case 
report of excessive hypotension when amrinone was 
administered concurrently with disopyramide. Until 
additional experience is available, therefore, concurrent 
administration with disopyramide should be under- 
taken with caution. 

Amrinone should not be used or diluted with solu- 
tions containing glucose because of a slow interaction 
that causes the agent to lose 11 to 13% of its activity over 
24 hours. Amrinone can be administered directly into 
a running glucose line. 

Furosemide should not be injected into an intrave- 
nous amrinone line because a precipitate will occur. 
Therefore, as a general rule, no other intravenous 
medications should be administered into an intravenous 
amrinone line. 

In summary, with accumulated experience in more 
than 5,000 patients, amrinone has proven to be a safe 
and effective agent for the short-term management of 
patients with congestive heart failure. 
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Discussion 


EUGENE BRAUNWALD, MD, Moderator 


Is a significant reduction in ventricular ectopic activity 
associated with a significant improvement in ventricular 
function during the administration of an inotropic 
drug? 


Dr. Goldstein (Houston, Texas): No. Oddly enough, so far 
no drug that improves ventricular function decreases the 
frequency of complex ventricular arrhythmias. 


Dr. Benotti (Worcester, Massachusetts): In our studies,. 


we have not been able to tell whether medication corrects or 
exacerbates ventricular arrhythmias. About 50% of our pa- 
tients have ventricular premature complexes; approximately 
. 60% have 3 or more beats of ventricular tachycardia. ; 


What is the rationale behind intermittent therapy? 


Dr. Weber (Chicago, Illinois): Intermittent therapy is an 
attempt to make persistent use of the hemodynamic effects 
of inotropic infusions. A number of investigators have found 
that the hemodynamic effects of dobutamine persist after the 
infusion is discontinued. They have found, for example, that 
filling pressure and cardiac output sometimes take hours to 
return to baseline. They have also found that secondary ef- 
fects, such as augmented renal blood flow, are also sustained. 
At our institution, we are trying to determine if the effects of 
amrinone infusion similarly persist. 


During intermittent therapy, how fiéquentiy and at what 
doses should amrinone be administered? How effective 
is such therapy? 


Dr. Weber: In our current study, patients come to the 
hospital once a week for therapy. We begin with a 1 to 1.5 
mg/kg bolus followed by a sustaining infusion of 10 to 20 
ug/kg/min. We are trying to determine how long the infusion 
must be sustained—4, 6, 8 or more hours—and how much the 
patient improves hemodynamically. We are also watching 
kidney and systemic circulation to monitor any secondary 
benefits beyond improved hemodynamic function. Although 
only 3 patients are enrolled in our study thus far, the resulta 
have been encouraging and, conceivably, we may increase 
therapy to 2 or more times a week. 


.How long can amrinone infusions be maintained in the 
hospital? 


Dr. Treadway (New York, New York): As long as the ` 


. closely monitored patient is showing favorable response, 
amrinone infusions can be maintained as long as clinically 
required. Practical limitations as to all intravenous adminis- 
trations apply. During clinical studies many infusions lasted 
over 24 hours and some for as long as 72 hours. 

Dr. Goenen (Brussels, Belgium): We maintained amrinone 
infusion up to 2 weeks in 1 patient and up to 3 weeks in an- 


other patient, until we touig suitable donors for heart: 


transplantation. 


How long should amrinone infusions last in a postin- 


. farction patient? 


Dr. Taylor (Leeds, England): Long enough to correct the 
heart failure. In most postinfarction patients, the heart con- 
tinues to function normally after the initial stabilization. Of 
course, the patient with acute heart failure after an infarction 
is different from the patient with chronic heart failure. 


Does amrinone, like dobutamine and the sympathomi- 
metics, sometimes cause B down regulation that renders 
the patient resistant to the drug? 

Dr. Baim (Boston, Massachusetts): I don’t think so. There 


is evidence that severe heart failure leads to down regulation 
of B receptors and that adding 8 agonists to the circulation 


_ probably exacerbates this down regulation. Consequently, 8 


agonists exhibit less efficacy in heart failure patients than they 
do in patients without heart failure. 

In one patient, we withdrew milrinone to avoid elevation 
of liver enzymes while maintaining him on norepinephrine, 
dopamine, dobutamine and intermittent boli of calcium. 
Within 12 hours, the patient had a capillary wedge pressure 
of 40 mm Hg, pulmonary artery saturation of 30% and systolic 
blood pressure of 60 mm Hg. However, after readministration 
of a single 5-mg milrinone dose, wedge pressure fell to 20 mm 
Hg, pulmonary artery saturation increased to 60% and arterial 
systolic pressure went back up to 90 mm Hg. 

In view of our experience, it is interesting that Dr. Goenen's 
patients, who suffered cardiogenic shock in spite of ther- 
apy with several 8 agonists, nevertheless responded to 
amrinone. 


How does amrinone potentiate the effects of catechol- 
amines or sympathomimetics? 


Dr. Sonnenblick (Bronx, New York): By complementary 
mechanisms of action. Amrinone inhibits the destruction of 
cyclic AMP, whereas catecholamines stimulate cyclic AMP 
production. 

In our study of 3 patients, amrinone and dao had 
very modest dP/dt effects when administered separately. 
Combining the 2 agents, however, markedly increased dP/dt 
effects. The excellent results of amrinone-catecholamine 
combinations confirm our experience. 

The vasodilation seen with dobutamine and amrinone is 
also complementary. Dobutamine, because of its stimulation 
of 8 receptors, shunts large quantities of blood to the skin but 
far less to the kidneys and skeletal muscles. On the other hand, 
amrinone’s phosphodiesterase inhibition sends blood to the 
skeletal muscle and, to a lesser extent, the kidneys. By com- 
bining amrinone and dobutamine, one might be able to in- 
crease cardiac output substantially without significantly 
compromising nutritive blood flow, a tremendous advantage 


in the long-term use of these drugs. 
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Dr. Braunwald (Boston, Massachusetts): Dobutamine 
stimulates f» and a, receptors. Therefore, its net effect is si- 
multaneous- vasodilation and vasoconstriction with little 
change in peripheral vascular resistance. In addition, it 
stimulates contractility by activating 8; receptors. A better 
understanding of this drug’s complex pharmacology will allow 
us to use it more effectively. 

What is the recommended dosage for patients with renal 
dysfunction or patients on renal dialysis? 


Dr. Braunwald: The status of the kidneys is an important 
matter to consider in amrinone administration, because many 
patients with congestive heart failure have prerenal azotemia. 

Dr. Sonnenblick: I generally do not use amrinone with 
patients on dialysis. The drug is excreted by the kidneys. In 
patients with renal insufficiency, excretion of the drug is ab- 
normally slow. Our study generally shows that an increase in 
renal perfusion elevates glomerular filtration. On occasion, 
we found that if amrinone dosage is increased after 48 hours, 
kidney function appears to improve. Careful monitoring of 
patients should show how much drug is being excreted and, 
therefore, whether or not it is safe to increase amrinone 
dosage. 

Dr. Treadway: Caution is certainly advised with such 
patients, and they thus should be monitored more closely 


during infusion than other types of patients. 


Do patients ever become amrinone dependent after 
long-term use? That is, does long-term use lead to a 
profound deterioration of cardiac output and aggrava- 
tion of symptoms upon discontinuation of the agent? 


Dr. Benotti: Of course, there are patients who suffer severe 
deterioration upon discontinuation. There is no evidence, 
however, that amrinone causes advancement of the heart 
failure. What is true of amrinone is true of other agents, va- 
sodilators and inotropes: discontinuation of therapy leads to 
deterioration in cardiac function, indicating that the phar- 
macotherapeutic intervention had been the patient's only 
support. 


Have the benefits of dobutamine and amrinone been 
compared? 


Dr. Braunwald: Dobutamine has been useful in the acute 
management of heart failure for 10 years. However, amri- 
none's possibly more potent inotropic effect in patients with 
desensitized f receptors—and its better distribution of va- 
sodilator and inotropic properties—may provide an advantage 
over dobutamine. Amrinone is in a different chemical class 
from the sympathomimetics and thus may display fewer of 


the difficulties we encounter with such agents. 
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Angina 
Protection 
. with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MATCH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate—is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 


ONCE-DAILY : - a 
80 € 
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LONG ACTING mg mg 
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. hee SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE ra eg 
_INDERAL* LA brand of propranolol hydrochloride (Long Acting 
IPTION. Inderal LA is formulated to provide a Seinen release of oahi 
hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 
NICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
. blocking agent possessing no other autonomic nervous system activity. It specifically com- 
-. petes with beta- -adrenergic receptor stimulating agents for available receptor'sites. When 
Be IN 
acess to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
e Vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
|NDERAL LA Capsules (80, 120, and 160 mg) release propranolol HCI at a controlled and 
up predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
bs and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
- hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
e ‘ca sules are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
IN ERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
- propranolol, resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
our period, blood levels are fairly constant for about twelve (12) hours then decline 
Poil 
E : E INDERAL LA should not be considered a simple mg for mg substitute for conventional 
-propranolol and the blood levels achieved do not match (are lower than) those of two to four 
ARN times daily dosing with the same dose. When changing to INDERAL LA from conventional 
g - propranolol, a possible need for retitration upwards should be considered especially to 


bs: 


“maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
' -such as h pertension or angina where there is little correlation between plasma levels and 
" ~ Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
P conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
- an provide effective beta blockade for a 24-hour period. 
PIS he mechanism of the antihypertensive effect of INDERAL has not been established. 
(deoa the factors that may be involved in contributing to the antihypertensive action are (1) 
- decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
eren onic tlg sedan nerve outflow from vasomotor centers in the brain. Although total peripheral 
eo e may increase initially, it readjusts to or below the pretreatment level with chronic 
pe se. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
' been shown to cause a small increase in serum p ium concentration when used in the 
l - treatment of hypertensive patients. 
T In angina pectoris, propranolol generally redu 

. any given level of effort by blocking the catechola 
ae - Systolic blood pressure, and the velocity and exte 
cd may increase oxygen requirements by increasing 

_ pressure and systolic ejection period. The net phys 
4 is usually advantageous and is manifested during 

- increased work capacity. 

—. . Indosages greater than required for beta blog 
or anesthetic-like membrane action which affe 
cance of the membrane action in the treatment of 

x The mechanism of the antimigraine effect of p 


























"luriotional agas. sympathetic activity is detri 
situations in which sympathetic stimulation is vital. z nt 
D esla hearts, adequate ventricular function is maintained by Vibe - abatai fba drive 
= which should be preserved. In the presence of AV block, greater than first degree, beta 
-.— blockade may prevent the necessary facilitating effect of sympathetic activity on conduction. 
Z 3 Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
j activity which should be preserved in patients subject to bronchospasm. 
opranolol is not significantly dialyzable. 
| INDIC; TIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 
Sent of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 
.. hypertensive emergencies. 
. Angina Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 
| K for the long-term management of patients With angina pectoris. 
Migra ine: INDERAL L LA is indicated for the prophylaxis of common migraine headache. 
The ptica i vr propranolol i in the treatment of a migraine attack that has started has not been 
. establish and tea is not indicated for such use. 
c Stenosis: INDERAL LA is useful in the management of 
XEM rophic Mc stenosis, especially for treatment of exertional or other stress-induced 
i E . angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 
.. effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 
d the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
- Clinical i improvement may be temporary. 
ICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
E bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
im 2 Vag WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 


. WARNINGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 

ing circulatory function in patients with con gaano heart failure, and its inhibition by beta 

= may precipitate more severe failure. Although beta blockers should be avoided in 

overt congestive heart failure, if necessary, they can be used with close foliow-up in patients 

Í with a history of failure who are well compensated and are receiving digitalis and diuretics. 

i . Beta-adreneraic blocking agents do not abolish the inotropic action of digitalis on heart 

; VE musc 

P AS d N PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 

- can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 

pau the patient should be digitalized and/or treated with diuretics, and the response 
served closely, or INDERAL should be discontinued (gradually, if possible). 


TN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
x ina and, in some cases, myocardial infarction, following abrupt discontinuance of 
_INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
-| should be gradually reduced over at least a few weeks, and the patient should be 
‘cautioned against interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
| unrecognized, it may be prudent to follow the above advice in patients considered at risk 
. | of having occult atherosclerotic heart disease who are given propranolol for other 
a indications. 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy — 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and AY procedures. yr 
INDERAL (propranolol HCI), like other beta blockers, is a competitive inhibitor of beta- — — 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. ` 
DIABETES AND HYPOGLYCEMIA: Beta- -adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more | 
difficult to adjust the dosage of insulin. . 
THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of beg roidism, including thyroid storm. Propranolol does not distort thyroid function tests. 
PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia - 
requiring a demand pacemaker. In one case this resulted after an initial dose of 5 mg © : 


ropranolol 
PR CAUTIONS. General: Propranolol should be used with caution in patients with impaired - 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. t 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pro should be closely observed if INDERAL is administered. The added catecholamine- - 

locking action may produce an excessive reduction of resting sympathetic nervous activity . 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice. employing doses up to 150 mg/kg/day, there was no evidence of significant 

ity. The gre elated tumorigenic effects at any of the dosage 
not show any impairment of fertility that was 


. INDERAL has been shown to be embryotoxic in 
ealgrthan the maximum recommended human dose. 


AY 


only if the potential benefit justifies the potential risk to the fetus. 
S: INDERAL is excreted in human milk. Caution should be exercised when 


E in children have not been established. d 
? effects have been mild and transient and have - 


e; intensification of AV block; hypo- 
; arterial insufficiency, usually of the 


Central Nervbus System: ligh dedness; mental depression manifested by insomnia, - 
lassitude, weakness, fatigue; re bie mental depression progressing to catatonia; visual — 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for — 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping. diarrhe 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching ~ 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytapem n 
purpura. 

eoi -Immune: In extremely rare instances, systemic lupus erythematosus has been - 
report ES 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarely. Oculomucocutaneous reactions _ 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINIS TION. INDERAL LA provides propranolol hydrochloride ina — - 
sustained-release capsule for administration once daily. If patients are switched from INDERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic - 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for - 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration moy 
be pegs! especially to maintain effectiveness at the end of the 24-hour dosing interva 

HYPERTENSION—Dosage must be indiwdualized. The usual initial dosage ts 80 mg 
INDERAL LA once daily, whether used alone or added to a diuretic. The dosage may be | 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 

The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 | 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS —Dosage must be individualized. Starting with BO mg INDERALLA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum  — 
response is obtained. Although individual patients may respond at any dosage level, te -— 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and . 
safety of dosage exceeding 320 mg per day have not been established. Y 

If treatment is to be discontinued, reduce dosage gradually over a period of afew weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is B0 mg INDERALLA ' - 
once daily. The usual effective dose range is 160-240 mg once daily. The dosage may be _ 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose, INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
several weeks. A 

HYPERTROPHIC SUBAORTIC STENOSIS—80-160 mg INDERAL LA once daily. d 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are toO 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA Fue: ^ IS a osea trademark of Ayerst Laboratories. 
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from a university collaboration with 
* Smith Kline &French Laboratories 


a leader in cardiovascular research 
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Calcified atherosclerotic plaques (arrow) are visible in 
branches of the left anterior descending artery (LAD) in this 
infrared photograph of a transilluminated cleared human 
heart. The epicardial fat appears blue or green, the atria and 
right ventricular wall appear yellow and the left ventricular 
myocardium is seen as red. 


This extraordinary photographic technique enables 
investigators to study atherosclerotic plaque without 
opening or dissecting the vessels. 
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IT DELIVERS... 


—the potassium Your patient neecis: 
slowly, gradually, dependably* 


ina wax matrix designed for gradual KCI dispersal 
through the GI tract, minimizing high local concentrations 


 —the right salt 


which provides potassium and the essential chloride ion 


—the right taste 
unlike liquids, there is no taste or aftertaste 
—the right price 


under 25¢ a day for the average patient 


Slow-K 


potassium chloride 
E citas tablets 8 mEq (600 mg) 


50 million new and refill U.S. prescriptions since 1975 


" Capsule or tablet slow-release potassium chloride preparations should be 
reserved for patients who cannot tolerate, refuse to take or have compli- 
ance problems with liquid or effervescent potassium preparations, 
because of reports of intestinal and gastric ulceration and bleeding with 
slow-release KCl preparations. 


y 
Before prescribing, please consult brief Prescribing Information on next page. C | B 
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-. POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A 


alkalosis; in digitalis intoxication and in patients with hypokalemic familial 
- periodic paralysis. 

_ 2. For prevention of potassium depletion when the dietary intake of potassium is 
inadequate in the following conditions: Patients receiving digitalis and diuretics 
. .. for congestive heart failure; hepatic cirrhosis with ascites; states of aldosterone 
oe Nis normal renal function; potassium-losing nephropathy, and certain 
.. diarrt states. 
— .- 3. The use of potassium salts in patients receiving diuretics for uncomplicated 
.. essential dienen is often unnecessary when such patients have a normal 
_ dietary pattern. Serum potassium should be checked periodically, however, and, 
f hypokalemia occurs, dietary supplementation with potassium-containing 
- foods may be adequate to control milder cases. In more severe cases supple- 

mentation with potassium salts may be indicated. 
E TRAINDICATIONS l 
.. Potassium supplements are contraindicated in patients with hyperkalemia since 
y xe increase in serum potassium concentration in such patients can pro- 
. duce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
_ tions: chronic renal failure, systemio acidosis such as diabetic acidosis, acute 
... dehydration, extensive tissue breakdown as in severe burns, adrenal insuffi- 
PE iency, or a administration of a potassium-sparing diuretic (eg, spironolactone, 
) eei erene). 


í f 
E "v 


tassium chloride preparations have produced esophageal ulcera- 
cardiac patients with esophageal compression due to an enlarged 


L3 cor d ition which impairs potassium excretion, requires particularly careful 
_ monitoring of the serum potassium concentration and appropriate dosage 
Jstment. ^ 


raction with Potassium-Sparing Diuretics: Hypokalemia should not be treated 
the concomitant administration of potassium salts and a potassium-sparing 
retic (eg, spironolactone or triamterene), since the simultaneous administra- 
of ‘Pca ple can produce severe hyperkalemia. 

ointestinal lesions: Potassium chloride tablets have produced stenotic 
i /or ulcerative lesions of the small bowel and deaths. These lesions are 
^ sed by a high localized concentration of potassium ion in the region of a 
E rap idly dissolving tablet, which injures the bowel wall and thereby produces 
vi obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formulated 
A e provide a controlled rate of release of potassium chloride and thus to minimize 
A it r ar AS of a high local concentration of potassium ion near the bowel wall. 

While the reported frequency of small-bowel lesions is much less with wax-matrix 
ets (less than one per 100,000 patient-years) than with enteric-coated 
sium chloride tablets (40-50 per 100,000 patient-years),cases associated 
vax-matrix tablets have been reported both in foreign countries and in the 
d States. In addition, perhaps because the wax-matrix preparations are not 
eric-coated and release potassium in the stomach, there have been reports of 
er gastrointestinal bleeding associated with these products. The total num- 
of eise y lesions remains approximately one per 100,000 patient- 
S. Slow-K should be discontinued immediately and the possibility of bowel 
truction or perforation considered if severe vomiting, abdominal pain, disten- 
tion, or gastrointestinal bleeding occurs. 

. Metabolic acidosis: Hypokalemia in patients with metabolic acidosis should be 
ed with an alkalinizing potassium salt such as potassium bicarbonate, . 
.—. potassium citrate, or potassium acetate. 
.. PRECAUTIONS f 
. The diagnosis of potassium depletion is ordinarily made by demonstrating 
C hypokalemia in a patient with a clinical history suggesting some cause for potas- 
' sium depletion. In interpreting the serum potassium level, the physician should 
ear in mind that acute alkalosis per se can produce hypokalemia in the absence 
deficit in total body potassium, while acute acidosis per se can increase the 
potassium concentration into the normal range even in the presence of a 
. zed total d potassium. The treatment of potassium depletion, particularly 
. An the presence of cardiac disease, renal disease, or acidosis, requires careful 
å „attention to acid-base balance and appropriate monitoring of serum electrolytes, 
* he elec ocardiogram, and the clinical status of the patient. 
_ ADVERSE REACTIONS 
The ost common adverse reactions to oral potassium salts are nausea, vomit- 
A ng, abdominal discomfort, and diarrhea. These symptoms are due to irritation of 
vie. gastrointestinal tract and are best managed by diluting the preparation 
_ further, taking the dose with meals, or reducing the dose. 
d One of the most severe adverse effects is hyperkalemia (see Contraindications, 
Warnings and Overdosage). There also have been reports of upper and lower 
-gastrointestinal conditions including obstruction, bleeding, ulceration and per- 
__ foration (see Contraindications and Warnings); other factors known to be associ- 
ated ith such conditions were present in many of these patients. Skin rash has 
_ been reported rarely. 
. DOSAGE AND ADMINISTRATION 
_ The usual dietary intake of potassium by the average adult is 40 to 80 mEq per 
. day. Potassium depletion sufficient to cause hypokalemia usually requires the 
Ss of 200 or more mEq of potassium from the total body store. Dosage must be 
. adjusted to the individual needs of each patient but is t pically in the range of 
20 mEq per day for the prevention of hypokalemia to 40.100 mEq per day or more 
_ for the treatment of potassium depletion. 

9: Slow-K slow-release tablets must be swallowed whole and never crushed 
Keneweo. . | C82-58 (Rev 1/83) 
onsult complete product literature before prescribing. af jis 
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to specify Dispense As Written (DAW) or 

Do Not Substitute on your prescriptions. 


he most commonly side effects of disopyramide 
ate are anticholinergic, and the most severe are 
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m Brief Summary 


_ Before prescribing, please consult current complete prescribing information, a summary of which 
- follows: Indications: For suppression and prevention of recurrence of the following cardiac ar- 
pres unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 
Be ontractions of multifocal origin; paired premature ventricular contractions (couplets); and epi- 
~ sodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with D.C. 
é - cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 
: “also equally effective in treating primary cardiac arrhythmias and those which occur in association 
| with organic heart disease including coronary artery disease. Norpace CR should not be used 
— initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide phos- 
- phate has not been adequately studied in patients with acute myocardial infarction or with per- 
"sistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 
n ‘digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 
pum serious ventricular ectopic activity has not been established. Contraindications: Cardiogen- 
ic shock, preexisting second- or city A AV block (if no pacemaker is present), or known 
hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or worsen 
_ congestive heart failure (CAF) or produce severe hypotension as a consequence of its 
. negative inotropic properties. Hypotension has been observed primarily with primary car- 
-- diomyopathy or inadequately compensated CHF. Norpace or Norpace CR should not be 
_ used in patients with uncompensated or marginally compensated CHF or hypotension 
-. unless the condition is secondary to cardiac arrhythmia. Patients with a history of heart 
.. failure may be treated with Norpace or Norpace CR, but careful attention must be given to 
" maintaining cardiac function, including optimal digitalization. If hypotension occurs or 
_ CHF worsens, Norpace or Norpace CR should be discontinued and, if necessary, restarted 
- ata lower dosage only after adequate cardiac compensation has been established. Nor- 
ae ace or Norpace CR should be discontinued if significant widening (greater than 25%) of 
ode QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsening of the 
_ arrhythmia may occur. Patients who have evidenced prolongation of the Q-T interval in 
. response to quinidine may be at particular risk. If Q-T prolongation greater than 25% is 
fipepewved and if ectopy continues, the patients should be monitored closely, and discontin- 
. uation of Norpace or Norpace CR considered. In rare instances significant hypoglycemia 
- has been reported during Norpace therapy. The concomitant use of Norpace or Norpace CR 
- With other Type 1 antiarrhythmic agents and/or propranolol should be reserved for patients 
with life-threatening arrhythmias who are demonstrably unresponsive to single agent an- 
_tiarrhythmic therapy. Such use may produce serious negative inotropic effects, or may 
. excessively prolong conduction. Patients receiving more than one antiarrhythmic drug 
< must be carefully monitored. If first-degree heart block develops, the dosage of Norpace 
. orNorpace CR should be reduced. If the block persists, continuation of Norpace or 
_ Norpace CR must depend upon an assessment of benefit versus risk. Development of 
second- or third-degree AV block or uni-, bi-, or trifascicular block requires discontinuation 
_ of drug unless the ventricular rate is adequately controlled by a pacemaker. Because of its 
. anticholinergic activity, disopyramide phosphate should not be used in patients with glau- 
| coma, myasthenia gravis or urinary retention, unless adequate overriding measures are 
- taken. In patients with a family history of glaucoma, intraocular pressure should be meas- 
- ured before initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter 
e or fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that 
- drug-induced enhancement of AV conduction does not allow a ventricular rate beyond physiologi- 
cally acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients 
- with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients 
~ with myocarditis or other cardiomyopathy may develop significant hypotension in response to 
“beaver dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not 
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‘be given to such patients, and initial dosage and subsequent dosage adjustments should be made 
- under close supervision. Norpace dosage should be reduced in patients with impaired renal or 
- hepatic function and the electrocardiogram carefully monitored for signs of overdosage. Norpace 
ý CR is not recommended for patients with severe renal insufficiency. Antiarrhythmic drugs may be 
- ineffective in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
_ hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace 
t of Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin 
- or other hepatic enzyme inducers may cause lower disopyramide plasma levels. Safe use in preg- 
- nancy has not been established. Disopyramide has been found in human fetal blood. Norpace 
- has been reported to stimulate contractions of the pregnant uterus. Use of Norpace or 
- Norpace CR in pregnant women requires that the potential benefit be weighed against possible 
- hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during delivery or on the 
- course of labor and delivery are unknown. Following oral administration, disopyramide has been 
- found in human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
_ essential, an alternate method of infant feeding should be instituted. Adverse Reactions: Dry 
- mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention 
_ especially in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, 
- nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatique/ 
- muscle weakness, headache, malaise, aches/pains, hypotension, congestive heart failure, car- 
- diac conduction disturbances, edema/weight gain, shortness of breath, syncope, chest pain, 
| generalized rash/dermatoses, itching, hypokalemia, elevated cholesterol/triglycerides, depres- 
- Sion, insomnia, ‘dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, 
| elevated creatinine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, 
- cholestatic jaundice, and agranulocytosis, all three reversible, have been reported, as have fever, 
respiratory difficulty, thrombocytopenia, and gynecomastia. Dosage and Administration: Dos- 
_ age must be individualized on the basis of response and tolerance. The usual adult dosage is 400 
- to 800 mg/day given in divided doses: q6h for Norpace and q12h for Norpace CR. See current 
complete prescribing information for dosage recommendations. 
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-= CARDIOLOGIST! 
ASSOCIATE DIRECTOR 
CLINICAL RESEARCH 


Merck Sharp & Dohme Research Laboratories, a 
leader in pharmaceutical research, is seeking a physi- 
cian for its Clinical Research Group in Blue Bell, Penn- 
sylvania, a suburb of Philadelphia. The successful 
candidate must have completed residency training in 
infernal medicine, some postgraduate training in car- 
diology, and experience in research with publications. 
Academic or clinical experience in drug evaluation is 
highly preferred. 


Major assignments will be directed toward planning 
and coordinating the clinical investigation of new 
Merck drugs under development. This includes the 
development of clinical programs for each compound, 
the preparation of protocols for each individual study, 
the medical evaluation of the data collected, and the 
preparation of summaries prepared for submission to 
the FDA. Opportunity for involvement with one of 
several area medical schools is encouraged. 


Merck offers excellent salary opportunities and a 
benefit program that includes an employee stock pur- 
chase program, a tax sheltered income plan, group life 
insurance, major medical and dental coverage, educa- 
tional assistance, and relocation. Our research 
facilities are located in an attractive suburban Phila- 
delphia area. 


Please reply in complete confidence to: 
DAVID C. JONES 


Merck Sharp & Dohme 
Research Laboratories 


West Point, PA 19486 
EEO/AA/VH/EMPLOYER 


CARDIOLOGIST: To join two busy invasive cardiologists in 
the beautiful Pacific Northwest. Practice includes open 
heart surgery program, PTCA. Requires catheterization and 
all non-invasive modalities. EPS and PTCA would be a plus. 
Please reply with a CV to Box 420, The American Journal of 
Cardiology, 875 Third Ave., New York, N.Y. 10022. 


M.D. MEDICAL DIRECTOR 


Outstanding opportunity to supervise a magnificently 
equipped and staffed professional health center dedi- 
cated to the evaluation, assessment and improvement of 
executive personal fitness and lifestyle. 

Successful candidates should be well known in the 
health promotion/sports medicine field and will be 
judged, in part, on articles published and presentations 
given at qualified professional meetings. Familiarity with 
the equipment and procedures used in graded stress 
testing, hydrostatic weighing, muscular strength and en- 
durance assessment is expected along with past exper- 
ience in supervising health related professionals. 

This position offers excellent compensation and 
benefits, together with an attractive location and life- 
style in one of America's premier resort areas in the 
East Coast Sunbelt. Please send c.v. to Box 430, The 
American Journal of Cardiology, 875 Third Avenue, New 





York, N.Y. 10022. 








uamig im INVASIVE anu NOMNVASIVE PrUCCUUlSS. Iviust Have 
USA Medical School Degree. Three man cardiology group. 
Send references and CV to: P.O. Box 425, The American 
Journal of Cardiology, 875 Third Avenue, New York, New 
York 10022. 


CARDIOLOGIST needed to join 22 physician multi-special- 
ty group in friendly West Texas city. Above average first 
year guarantee and relocation expenses. Send C.V. to 
Tammy Stripling, Position Recruiter, Malone and Hogan 
Clinic, 1501 W. 11th Place, Big Spring, Texas 79720. 


CONTROVERSIES & CRITICAL ISSUES IN VASCULAR SURGERY 
The Fifteenth Annual Peripheral Vascular Disease Symposium, will be 
held at the Hyatt on Capitol Square in Columbus, Ohio on September 
11-14, 1985. This Symposium encourages the “team aspect" of car- 
ing for peripheral vascular patients and offers three concurrent pro- 
grams for physicians, nurses and vascular technologists. 


For further details, contact Shelly Hershberger at (614) 251-3680. 


Assistant 


Medical Director 


Fireman’s Fund Insurance Companies, a subsidiary of 
American Express, has an excellent career opportu- 
nity for an Assistant Medical Director at our San 
Francisco Bay Area headquarters. 


As our Assistant Medical Director, you will be in- 
volved in employee health services, performing medi- 
cal consultations and periodic physical exams 
including tread mill stress testing. You will also inter- 
pret EKG's and x-rays and advise our underwriting 
and claim departments in the life and disability areas. 


Our ideal candidate will be a graduate from an accred- 
ited medical school, licensed in California, board certi- 
fied in internal medicine and experienced in 
cardiology. 


We offer an excellent salary and benefits package. 
For immediate consideration, please send resume 
with salary history to: Fireman’s Fund Insurance 
Companies, Personnel Dept., LG2-KW, 1600 Los Ga- 
mos Road, San Rafael, CA 94911. An equal opportu- 
nity employer. 


FIREMANS FUND 
INSURANCE COMPANIES 


An American Express Company 









AS LITTLE AS THESE? 


INTRODUCING THE SMALLEST, 
LIGHTEST HOLTER RECORDER AVAILABLE. 


The new Spacelabs 90201 Holter recorder weighs 
just 10 oz., - about the same as some of the everyday items 
your patients might have in their pockets. And at a tiny 
3.2" x 5.5" x 0.8" size, it fits right in a shirt pocket, too. 

The latest, most advanced technology has enabled us 
to put all the reliability, accuracy and capability of our 
previous generations of Holter recorders - and then some- 
into this new compact model, for the greatest patient com- 
fort and convenience ever. 

It provides 2 channels of ambulatory ECG data, plus 
a discrete timing track for 24 or 48 hours' continuous record- 
ing time. Automatic calibration and a backup internal battery 
for the LCD clock guarantee accurate event-time correlation. 
And the patient event marker is easily accessible. 


NEW 


"FEATHERWEIGHT" 90201 HOLTER RECORDER 


Ask your representative for the name of a scanning service in your area. 
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YES...THE NEW 
"FEATHERWEIGHT" 
FROM SPACELABS. 





AND SPACELABS' MOST ADVANCED, ACCURATE, 
EASY-TO-USE HOLTER ANALYSIS SYSTEM. 


Our new 90101 scanner minimizes the inaccura- 
cies inherent in other arrhythmia discriminators via its 
powerful simultaneous 2-channel discriminator, for more 
meaningful information. And you can get this informa- 
tion faster and easier than ever before - a full report, in- 
cluding numeric summary, graphic summary and sample 
beat classification, in just 10-15 minutes - without any 
operator interaction! Or you can have a fully edited re- 
port, using its morphology merge/ delete feature, in just 
5 minutes. What's more, you can easily program the system 
to individualize reports to meet your specific needs. It 
includes an industry standard communications bus - a 
pathway to the future 
with the product you 
purchase today. And its 
cost is justified in only 
3 scans/ month! 





NEW 
90101 HOLTER ANALYSIS SYSTEM 


Spacelabs 


A Squibb Company 


4200 150th Avenue, NE, P.O. Box 97013 
Redmond,WA 98073-9713 (206) 882-3700 
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CORGARD* TABLETS 
Nadolol Tablets 


DESCRIPTION: Corgard ( nadolol) is a synthetic nonselective beta-adrenergic receptor 


blocking agent. 

ONS: Bronchial asthma, sinus bradycardia and gre 
degree conduction block, cardiogenic shock, and ove : 
WARNINGS: Cardiac Failure — Sympathetic stimu 
supporting circulatory functio gest ime ; 
blockade may precipitate more 
in overt congestive heart failur 
with a history of failure who a 
Beta-adrenergic blocking agen 
muscle. IN PATIENTS WITHOL 
beta-blockers can, in some cases, 
symptom of heart failure, digitalize 
or discontinue nadolol ( gradually if 
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disease is common and may be 


f artery 
unrecognized, it may be prudent not to Ziscontipue nadolol therapy abruptly even in 
patients treated only for hypertension. 


Nonalle Bronchospasm (e.g., chronic bronchitis, emphysema ) — PATIENTS 
WITH ASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA-BLOCKERS. 
Administer nadolol with caution since it may block bronchodilation produced by endoge- 
nous or exogenous catecholamine stimulation of beta, receptors. 

Major Surgery — Because beta-blockade impairs the ability of the heart to respond to 
reflex stimuli and may increase risks of general anesthesia and surgical procedures, 
resulting in protracted hypotension or low cardiac output, it has generally been suggested 
that such therapy should be withdrawn several days prior to surgery. Recognition of the 
increased sensitivity to catecholamines of patients recently withdrawn from beta-blocker 
therapy, however, has made this recommendation controversial. If possible, withdraw 
beta-blockers well before surgery takes place. In emergency surgery, inform the anesthesi- 
ologist that the patient is on beta-blocker therapy. Use of beta-receptor agonists such as 
isoproterenol, dopamine, dobutamine, or levarterenol can reverse the effects of nadolol. 
Difficulty in restarting and maintaining the heart beat has also been reported with 
pay bet receptor blocking agents. 


t Sub & Sons, Inc., Princeton, Ne 08540 
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iia. This is especially important with labile diabetics. Beta-blockade - 
aho reduces release of insulin in response to hyperglycemia; therefore, it may be 
necessary to adjust dose of antidiabetic drugs. 

Thyrotoxicosis — Beta-adrenergic blockade may mask certain clinical signs (e.g., 
tachycardia ) of hyperthyroidism. To avoid abrupt withdrawal of beta-adrenergic block- 
ade which might precipitate a thyroid storm, carefully manage patients suspected of 
developing thyrotoxicosis. 

PRECAUTIONS: Impaired Renal Function — Use nadolol with caution (see DOSAGE 
AND ADMINISTRATION section of package insert ). 


Information for Patients — Warn patients, especially those with evidence of coronary — 


artery insufficiency, against interruption or discontinuation of nadolol without physician's 
advice. Although cardiac failure rarely occurs in properly selected patients, advise 
patients being treated with beta-adrenergic blocking agents to consult physician at first 
sign of impending failure. Advise patients in event of missed doses. 

Drug Interactions — Concurrent administration may result in interactions with: 
Anesthetics, general —exaggeration of the hypotension induced by general anesthetics 
(see WARNINGS, Major Surgery). Antidiabetic drugs (oral agents and insulin) 


—hypoglycemia or hyperglycemia; adjust antidiabetic drug dosage accordingly (see _ 


WARNINGS, Diabetes and Hypoglycemia). Catecholamine—depleting drugs (e.g., 
reserpine ) —additive effect; monitor closely for hypotension and/or excessive bradycardia. 
Carcinogenesis, Mutagenesis, Impairment of Fertility — In 1 to 2 years oral toxico- 


logic studies in mice, rats, and dogs, nadolol did not produce significant toxic effects. In 


2-year oral carcinogenic studies in rats and mice, nadolol did not produce neoplastic, y 
preneoplastic, or nonneoplastic pathologic lesions. 

Pregnancy — In animal reproduction studies with nadolol, evidence of embi youn 
fetotoxicity was found in rabbits (but not in rats or hamsters) at doses 5 to 10 times - 
greater (on a mg/kg basis ) than maximum indicated human dose; no teratogenic potens 
tial was seen in any of these species. There are no well-controlled studies in 
women; therefore, use nadolol in pregnant women only if potential benefit justifies- 


potential risk to the fetus. Neonates of mothers who received nadolol! at parturition have — 


exhibited bradycardia, hypoglycemia and associated symptoms. 

Nursing Mothers — Nadolol is excreted in human milk. Exercise caution when nadolol - 
is administered to a nursing woman. 

Pediatric Use — Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS: Most adverse effects have been mild and transient and have = 
rarely required nadolol withdrawal. 

Cardiovascular — Bradycardia with heart rates of less than 60 beats per minute 
occurs commonly, and heart rates below 40 beats per minute and/or symptomatic - 
bradycardia were seen in about 2 of 100 patients. Symptoms of peripheral vascular 


| s 


insufficiency, usually of the Raynaud type, have occurred in approximately 2 of 100 - 


patients. Cardiac failure, hypotension, and rhythm/conduction disturbances have each 


occurred in about | of 100 patients. Single instances of first degree and third degree heart - 


block have been reported; intensification of AV block is a known effect of beta-blockers . 
(see also CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS). Central Nervous 
System — Dizziness or fatigue reported in approximately 2 of 100 patients; paresthesias, - 
sedation, and change in behavior reported in approximately 6 of 1000 patients. 
Respiratory — Bronchospasm reported in approximately | of 1000 patients (see CONTRA- 
INDICATIONS and WARNINGS). Gastrointestinal — Nausea, diarrhea, abdominal dis- 


comfort, constipation, vomiting, indigestion, anorexia, bloating and flatulence each 


reported in 1 to 5 of 1000 patients. Miscellaneous — Each of the following reported in | to 
5 of 1000 patients: rash; pruritus; headache; dry mouth, eyes, or skin; impotence or 


decreased libido; facial swelling; weight gain; slurred speech; cough; nasal stuffiness; - 


sweating; tinnitus; blurred vision; infrequent reversible alopecia. The following adverse | 
reactions have been reported in patients taking nadolol and/or other beta-adr 

blocking agents, but no causal relationship to nadolol has been established. Central - 
Nervous System — reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 


for time and place; short-term memory loss, emotional lability with slightly clouded - 


sensorium; decreased performance on neuropsychometrics. Gastrointestinal — 
mesenteric arterial thrombosis; ischemic colitis; elevated liver enzymes. Hematologic — 
agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. Allergic — fever 
combined with aching and sore throat; laryngospasm; respiratory distress. 
Miscellaneous — pemphigoid rash; hypertensive reaction in patients with pheochromo- 
cytoma; sleep disturbances; Peyronie's disease. The oculomucocutaneous syndrome 
associated with practolol has not been reported with nadolol. 
















OVERDOSAGE: Nadolol can be removed from the general circulation by hemodialysis. 
In addition to gastric lavage, employ the following measures as appropriate. In determin- - 
ce inister atropine (0.25 to 1.0 mg). If there is no response 
broterenol cautiously. 
a si in this situation. 
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; may be gradually increased in 40 

: til™ptimum clinical response or pro- 

; gc ; usual maintenance dose is 40 or 80 mg q.d. (doses up 

ta 24 g ay bé Needed ). If treatment is to be discontinued, reduce dosage 
gadu BT a period of 1 io weels (see WARNINGS). 


or maleta usual initial dose is 40 mg q.d.; gradually increase in 40 to 80 mg 
increments until optimum blood pressure reduction is achieved; usual maintenance dose 
is 40 or 80 mg q.d. ( doses up to 240 or 320 mg daily may be needed ). 

Patients with renal failure require adjustment in dosing interval; see package insert for 
dosage in these patients. 

For full prescribing information, consult package insert. 
HOW SUPPLIED: In scored tablets containing 40, 80, 120, or 160 mg nadolol per tablet in 
bottles of 100 and 1000 tablets and in Unimatic* unit-dose packs of 100 tablets. 


References: 1. Alexander JC, et al: Long-term experience with nadolol in the treatment of 
hypertension and angina pectoris. Am Heart J October Supplement 108 (4):1136-1140, 
1984. 2. Data on file, Squibb Institute for Medical Research. 
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CORONARY HEART DISEASE 


Value of Programmed Stimulation and Exercise Testing in Predicting One-Year Mortality After Acute 
Myocardial Infarction 


A. ROBERT DENNISS, HEDY BAAIJENS, DAVID V. CODY, DAVID A. RICHARDS, PAUL A. RUSSELL, 
ALLAN A. YOUNG, DAVID L. ROSS, and JOHN B. UTHER 


The ability of programmed ventricular stimulation and exercise testing to predict 1-year mortality after acute 
myocardial infarction (AMI) was investigated in 228 clinically well survivors of AMI. Patients with inducible ven- 
tricular tachycardia or ventricular fibrillation had a higher mortality than those without inducible arrhythmias 
(26% vs 696, p <0.001). Exercise-induced ST-segment change 2-2 mm was associated with a higher mortality 
than ST change <2 mm (11% vs 4%, 0.05 < p <0.10). Of patients who had both tests, 62% had no inducible 
ventricular tachycardia or ventricular fibrillation and ST change <2 mm, and only 1% died during the first year. 
Thus, in clinically well survivors of AMI, programmed stimulation is a powerful predictor of first-year mortality; 
programmed stimulation and exercise testing together predict almost all 1-year mortality, and they can identify 
a large group of patients with very low mortality. 


Type A Score (Jenkins Activity Survey) and Risk of Recurrent Coronary Heart Disease in the Aspirin 
Myocardial Infarction Study 


RICHARD B. SHEKELLE, MERYL GALE, and MARIJA NORUSIS, For the ASPIRIN MYOCARDIAL 
INFARCTION STUDY RESEARCH GROUP 


The Jenkins Activity Survey (JAS), a questionnaire developed to assess type A behavior, was administered to 
2,314 participants in the Aspirin Myocardial Infarction Study. All had a myocardial infarction (MI), and were fol- 
lowed for at least 3 years. The JAS type A score was not related to risk of recurrent major coronary events (defi- 
nite nonfatal MI and coronary death) in the group of 244 women, the group of 2,070 men, or the subgroup of 671 
men employed full-time in professional, technical or managerial positions. These results indicate that the JAS 
type A score is not useful in assessing prognosis after MI. By inference, traits measured by the JAS type A score, 
such as competitiveness, orientation toward achievement and preference for a rapid pace of life, appear not to 
be associated with increased risk of recurrent major coronary events. 


Serum Fatty Acids, Apolipoproteins, Selenium and Vitamin Antioxidants and the Risk of Death from 
Coronary Artery Disease 


JUKKA T. SALONEN, RIITTA SALONEN, ILKKA PENTTILA, JARI HERRANEN, MATTI JAUHIAINEN, 
MARJATTA KANTOLA, RAILI LAPPETELAINEN, PEKKA H. MAENPAA, GEORG ALFTHAN, and 
PEKKA PUSKA 


An inverse association was observed between pre-follow-up serum esterified arachidonic acid concentration, 
serum polyunsaturated to saturated fatty acid ratio and apolipoprotein Al concentration and the risk of coronary 
artery disease death in a prospective study in eastern Finland. Serum cholesterol and other established risk fac- 
tors for coronary artery disease were controlled by matching and multivariate analysis. 
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guinidine gluconate 


— Continuous arrhythmia control 

— Well tolerated in long-term therapy 

— Less GI upset than with quinidine sulfate" 
— B.1.D.* dosage for uninterrupted protection 


Start the oral agent he can live with 


*Some patients may require more frequent (t.i.d.) dosing 
Please turn page for brief summary of prescribing information. 


References: 1. Selzer A: Heart Lung 1982;11:20-23. 
2. Podrid P: Patient Care 1981;15:100-132. 
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Quinidine with phenothiazines Additive cardiac depressive 
B and reserpine effects 
| __Quinidinewith hepatic enzyme- Decreased plasma halt-lite 
inducing drugs (phenobarbital, of quinidine 
| phenytoin, rifampin) 
ue. Quinidine wilh digoxin Increased plasma concentra- 
A tions of digoxin (see WARNINGS) 
—. Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
PRG term studies in animals have not been performed to evaluate the 
W; carcinogenic potential of quinidine. There is currently no evidence of 
Fe uinidine-induced mutagenesis or impairment of fertility 
t. Pregnancy: Jeratogenic Effects: Pregnancy Category C. Animal reproduc- 
= .-  pion studies have not been conducted with quinidine. There are no adequate 
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© -ectopic beats, idioventricular rhythms including ventricular tachycardia and 


decreased auditory acuity), disturbed vision (mydriasis, blurred vision, 
-disturbed color perception, reduced vision field, photophobia, diplopia. 
night blindness, scotomala). optic neuritis 
Dermatologic: Rash, cutaneous flushing with intense pruritus, urticaria 
— . Pholosensilivity has also been reported 
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.. 2 Complete A-V block 3 Complele bundle branch block or other severe 


M conduction disorders 5. Myasthenia gravis. 6. Aberrant impulses and 
abnormal rhythms due to escape mechanisms 


: may be preceded by a progressive reduction in Ihe degree of A-V block to a 


- tion of the Q-T interval. widening of the QRS complex and ventricular 


- .. and therefore should be used with caution in the presence of digitalis 


~ bul sometimes are fatal 


- early stages of therapy, warrant consideration of possible hepatotoxicity 
- — Monitoring liver function during the first 4-8 weeks should be considered 


abt PRECAUT IONS: General: The precautions to be observed include all 
- —.. those applicable to quinidine A preliminary test dose of a single tablet of 
-— quinidine sulfate may be administered to determine if the patient has an 
idios 


-— Quinidine with cholinergic drugs 


- needed. Nonteratogenic Effects. Like quinine, quinidine has been reported 
— — lo have oxytocic properties. The significance of this property in the clinical 
= . Selling has not been established 


- (quinidine gluconate) Dura- Tabs are administered to a nursing woman due 


Mate) Dura- Tabs in children 
— — ADVERSE REACTIONS: Symptoms of cinchonism. ringing in ears. 
= headache, nausea, and/or disturbed vision may appear in sensitive patients 
-~ atera single dose of the drug The most VUE encountered side 
- effects to quinidine are gastrointestinal in nalure 
effects include nausea, vomiting, abdominal pain and diarrhea 
-~ Less frequently encountered adverse reactions: 


- vascular collapse, respiratory arrest, hepatic toxicity, including gran- 

-  ulomalous hepatitis (see WARNINGS) Although extremely rare. there have 
. . also been reports of lupus erythematosus in patients taking quinidine A 

— positive association with quinidine therapy has not been established 

- ... See package insert for full information. 

© Berlex Laboratories, Inc., 1985. All rights reserved. 
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TIONS: 1 Idiosyncrasy or hypersensitivity to quinidine 





intraventricular conduction defects. especially those exhibiting a marked 
grade of ORS widening. 4. Digitalis intoxication manifested by A-V 


WARNINGS: 1 In the treatment of atrial flutter. reversion to sinus rhythm 


11 ralio resulting in an extremely rapid ventricular rate. This possible 
hazard may be reduced by digitalization prior to administration of quinidine 
2 Recent reports indicate that plasma concentrations of digoxin increase 


digoxin dosage may have to be considered | 
3 Manifestations of quinidine cardiotoxicity such as excessive prolonga- 


lachyarrhythmias mandale immediate discontinuation of the drug and/or 
close clinical and electrocardiographic monitoring 

4 In susceptible individuals, such as those with marginally compensated 
Cardiovascular disease, quinidine may produce clinically important depres- 
sion of cardiac function such as hypotension, bradycardia, or heartblock 
Quinidine therapy should be carefully monitored in such individuals 

5 Quinidine should be used with extreme caution in patients with incom- 
plete A-V block since complete block and asystole may be produced 
Quinidine may cause abnormalities of cardiac rhythm in digitalized patients 








intoxication 6. Quinidine should be used with caution in patients 
exhibiting renal. cardiac or hepatic insufficiency because of potential 
accumulation of quinidine in plasma leading to toxicity 

7 Patients taking quinidine occasionally have syncopal episodes which 
usually result from ventricular tachycardia or fibrillation. This syndrome 
has not been shown to be related to dose or plasma levels. Syncopal 
episodes frequently terminate spontaneously or in response to treatment, 








8 A few cases of hepatotoxicity, including granulomatous hepatitis, due to 
quinidine hypersensitivity have been reported in patients taking quinidine 
Unexplained fever and/or elevation of hepatic enzymes, particularly in the 


Cessation of quinidine in these cases usually results in the disappearance 
of toxicit 


ee to quinidine Hypersensitivity to quinidine, although rare. 
should constantly be considered. especially during the first weeks of therapy 
Hospitalization for close clinical observation, electrocardiographic monitor- 
ing, and possible determination of plasma quinidine levels is indicated 
when large doses are used, or with patients who present an increased risk 
Information for Patients: As with all solid oral medications, Quinaglute 
(quinidine gluconate) Dura-Tabs (sustained-release tablets) should be 
taken with an adequate amount of fluid. preferably in an upright position, 

lo facilitate opi 

Drug Interactions: Drug Effect 

Quinidine with anticholinergic drugs Additive vagolylic effect 
Antagonism of cholinergic effects 


Quinidine with carbonic anhydrase — Alkalinization of urine 
inhibitors, sodium bicarbonate. resulting in decreased 
thiazide diuretics excretion of quinidine 
Quinidine with coumarin Reduction of clotting factor 
anticoagulants concentrations 

Quinidine with tubocurare. Potentiation of neuro- 
succinyicholine and decamethonium muscular blockade 


and well-controlled studies in pregnant women Quinaglule (quinidine 
gluconate) Dura-Tabs should be given to a pregnant woman only if clearly 


Nu Mothers: Caution should be exercised when Quinaglute 


e of the drug into breast milk 
€ Use: There are no adequate and well-controlled studies 


to pas 
establishing the safety and effectiveness of Quinaglule (quinidine gluco- 


hese gastrointestinal 


Cardiovascular: Widening of QRS complex, cardiac asystole, ventricular 


fibrillation, paradoxical tachycardia, arterial embolism and hypotension 
Hematologic: Acute hemolytic anemia, hypoprothrombinemia. throm- 
bocylopenia (purpura), agranulocytosis. . 

Central Nervous System: Headache, fever vertigo. apprehension, 
excitement, confusion, delirium and syncope, disturbed hearing (tinnitus. 


Hypersensitivity Reactions: Angioedema, acule asthmatic episode. 
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Edited by William P. Blocker, Jr., M.D., F.A.C.P., Chief, Rehabilitation 
Medicine Service, V.A. Hospital, Houston, Assistant Professor of Physical 
Medicine, Baylor College of Medicine, Houston, and David Cardus, M.D., 
F.A.C.C., Professor of Physiology and Rehabilitation, Baylor College of 
Medicine, Houston, Texas. 





Heavily illustrated, this volume presents 60 self-contained chapters dealing 
with a// aspects of rehabilitation of the patient with ischemic heart disease. The 
45 noted contributors discuss topics such as: designing a cardiac rehabilitation 
center; methods of rehabilitation for the stroke patient, amputee, spinal cord in- 
jury patient who has had a heart attack; equipment needs for a cardiac 
rehabilitation center; and legal responsibilities of the physicians and therapists. 


All major aspects, from epidemiology and pathogenesis through prevention 
and education are covered, including ambulatory monitoring of electrocardio- 
gram and blood pressure; evaluation of degree of disability; and pathogenesis 
of atherosclerosis. This book contains the most complete list of cardiac risk 
factors to be found in any text. This encyclopedic guide to the total care and 
rehabilitation of cardiac patients is written for every member of the cardiac 
rehabilitation team. 


500 pp., 188 figs. & tbls., large format 82 x 11, 1982, $80.00 
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Please send me Rehabilitation in Ischemic Heart Disease (00028) on 30 day approval. 
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return privilege). 
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232 Nicardipine for Angina Pectoris at Rest and Coronary Arterial Spasm 


JOHN S. GELMAN, ROBERT L. FELDMAN, ELIZABETH SCOTT, and CARL J. PEPINE 


Nicardipine, a ''second-generation'' calcium blocker, was studied in 17 patients with angina at rest and coronary 
spasm. Nicardipine appeared to be very effective and safe in preventing symptomatic and asymptomatic epi- 
sodes of ischemia in these patients. This agent may be particularly useful in patients who have had unsatisfacto- 
ry results with other antianginal agents. Findings from this relatively small group of patients should provide the 
background data for larger, longer-term clinical trials. 


237 Digital Coronary Roadmapping as an Aid for Performing Coronary Angioplasty 


JONATHAN TOBIS, WARREN D. JOHNSTON, STEVE MONTELLI, EUNICE HENDERSON, 
WERNER ROECK, BRUCE BAUER, ORHAN NALCIOGLU, and WALTER HENRY 


In an attempt to improve visualization of the position of the guidewire and dilatation balloon during coronary an- 





gioplasty, a method was developed called digital coronary roadmapping. With this method a digitally acquired - 


coronary angiogram is interlaced with the live fluoroscopic image of the guidewire and balloon catheter. The dig- 
ital coronary angiogram is superimposed at the same magnification and radiographic projection as the live fluo- 
roscopic image onto the video monitor above the catheterization table. The digital roadmap image thus provides 
immediate feedback to the angiographer to assist in directing the guidewire into the appropriate coronary artery 
branch and to help in placement of the balloon so that it straddles the site of stenosis. 


242 Efficacy of Calcium Channel Blocker Therapy for Angina Pectoris Resulting from Small-Vessel 
Coronary Artery Disease and Abnormal Vasodilator Reserve 


RICHARD O. CANNON, Ill, RITA M. WATSON, DOUGLAS R. ROSING, and STEPHEN E. EPSTEIN 

To assess the effects of calcium channel blocker therapy on symptoms and exercise capacity of patients with 
angina pectoris, angiographically normal coronary arteries and abnormal vasodilator reserve, 26 patients re- 
ceived either verapamil or nifedipine in an outpatient randomized, double-blind, placebo-controlled crossover 


study. Compared with placebo, patients receiving calcium channel blockers had significantly fewer episodes of — 


chest pain, consumed less nitroglycerin and had greater exercise tolerance. 


247 Effects of Coenzyme Q4, on Exercise Tolerance in Chronic Stable Angina Pectoris 


TADASHI KAMIKAWA, AKIRA KOBAYASHI, TETSUO YAMASHITA, HIDEHARU HAYASHI, and 
NOBORU YAMAZAKI! 


The effects of coenzyme Q4o (CoQ;9) on exercise performance were studied in 12 patients with stable angina 
pectoris in a double-blind, crossover study, using symptom-limited treadmill exercise tests. CoQ,o (150 mg/day 
in 3 daily doses) was administered orally for 4 weeks, resulting in an increase of exercise time from 345 + 102 
seconds with placebo to 406 + 114 seconds, and an increase of time until 1 mm of ST-segment depression from 
196 + 76 seconds with placebo to 284 + 104 seconds. The increased plasma concentration of CoQ;9 was sig- 
nificantly related to the increase in exercise duration (r = 0.68, p « 0.001). It is concluded that coenzyme Qo is 
effective for the treatment of stable angina pectoris. 


252 Early Positive Technetium-99m Stannous Pyrophosphate Images as a Marker of Reperfusion After 
Thrombolytic Therapy for Acute Myocardial Infarction 


KEVIN WHEELAN, CHRISTOPHER WOLFE, JAMES CORBETT, ROBERT E. RUDE, 
MICHAEL WINNIFORD, ROBERT W. PARKEY, L. MAXIMILIAN BUJA, and JAMES T. WILLERSON 


Technetium-99m stannous pyrophosphate (Tc-99m-PPi) imaging performed immediately after intravenous strep- 
tokinase therapy for acute myocardial infarction was compared with early peaking (within 16 hours) of serum 
creatine kinase isoenzyme levels in 20 patients (14 treated and 6 control subjects). Strongly positive acute Tc- 
99m-PPi images and peaking of serum creatine kinase isoenzyme levels within 16 hours after the onset of chest 
pain identified patients in whom left ventricular ejection fraction improved whe ácute ejection fractions were 
compared with repeat assessment 15 days later. Strongly positive Tc-99m-P 
myocardial infarction may serve as a marker for early reperfusion after int "geste: atreptokin ase therapy. 
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Uniweave. The better direc- 
tion in construction. 

- Uniweave construction makes 

the stainless steel woven core 
an integral part of the poly- 

.. ethylene catheter wall. The 
result is enhanced wall strength 
with traditional control in a 

. smaller French size catheter. 










Unibody design. The better 
direction in patient safety. 
Thanks to Uniweave construc- 
tion, the tip of the catheter is 
also an integral part of the 
catheter wall. S0, unlike the 
two-piece welded-on separate 
tips of competitive catheters, a 
Uniweave tip can never come 
off. Uniweave tips also have 
an unsurpassed shape 
consistency. 


The better direction in high 
flow through a low-mass 
catheter. 

The inside dimension of a 
catheter determines potential 
flow rate. The outside dimen- 
sion dictates the access size. 


Uniweave delivers the flow you 
need through an exceptionally 
strong, low-mass catheter. 


Traditional Jornas ——— 
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Please send this coupon in our direction, E. 
and we'll send you in on the — 353 
new direction in angiography catheters — - 


Uniweave™ Or, call (800) 424-3278. 


The first step in the future 
direction of angiography. 


We believe Uniweave angio- 


graphy catheters will bring the - 
option of out-patient angio- 
graphy a step closer to reality. 
Our low-mass design means 
Uniweave requires a smaller 
access site — decreasing the 
possibilities of post-procedural 
bleeding. 
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257 Comparison of Exercise Electrocardiography and Quantitative Thallium Imaging for One-Vessel 
Coronary Artery Disease 


SANJIV KAUL, MARLA KIESS, PETER LIU, TIMOTHY E. GUINEY, GERALD M. POHOST, 
ROBERT D. OKADA, and CHARLES A. BOUCHER 


Exercise electrocardiograms and thallium-201 images were compared in 124 patients with 1-vessel coronary 
disease (CAD). Seventy-eight patients had left anterior descending, 32 right and 14 left circumflex CAD. Thallium 
imaging was more sensitive than the electrocardiogram for detecting CAD only in patients with no previous myo- 
cardial infarction. The presence and extent of left anterior descending CAD could not be differentiated from left 
circumflex or right CAD, nor could proximal stenosis be differentiated from midstenosis. There is overlap in the ® 
perfusion patterns of the coronary vessels to the extent that evaluating regional perfusion by thallium imaging 
complements coronary angiography. 


262 Time Course of Alpha-1-Acid Glycoprotein and Its Relation to Myocardial Enzymes After Acute 
Myocardial Infarction 


ELSA-GRACE V. GIARDINA, KHETHER RABY, DAVID FREILICH, JOSEPH VITA, RACHEL BREM, and 
MAY LOUIE 


To determine the time course of alpha-1-acid glycoprotein for 1 month after acute myocardial infarction (AMI), 
blood samples were collected from 27 patients, 14 with AMI and 13 with a chest pain syndrome but no AMI. Pa- 
tients with AMI had a significant increase in alpha- 1-acid glycoprotein after 72 hours (mean 153 + 35 mg/dl) (p 
<0.05) and the maximum was observed on day 7 (mean 165 + 53 mg/dl) (p <0.05), returning to baseline by 28 
days. There was no change in alpha- 1-acid glycoprotein for patients with chest pain syndrome but no AMI. Linear 
regression analysis showed a significant relation between creatine kinase (p <0.005) and lactic dehydrogenase 
(p <0.001) vs alpha-1-acid glycoprotein indicating that alpha-1-acid glycoprotein concentration is high with 
large AMI. 


266  Hemodynamic and Electrocardiographic Effects of Fructose-1, Diphosphate in Acute Myocardial 
Infarction 


NICCOLO MARCHIONNI, ALBERTO CONTI, WALTER De ALFIERI, MAURO Di BARI, LUIGI FERRUCCI, 
ALESSANDRA LOMBARDI, GUYA MOSCHI, RICCARRDO PINI, and ANDREA VANNUCCI 


Hemodynamic and electrocardiographic effects of fructose- 1,6-diphosphate (FDP) were investigated in 40 pa- 
tients with acute myocardial infarction. Patients were randomized into an FDP (250 mg/kg intravenously) and into 
a placebo group. FDP exerted favorable hemodynamic effects only in patients with abnormally elevated pulmo- 
nary artery wedge pressure and reduced left ventricular (LV) stroke work index. No hemodynamic change oc- 
curred either in the placebo group or in the FDP subsets with normal pulmonary artery wedge pressure and/or 
normal LV stroke work index. Reduction of ST-segment elevation in standard electrocardiograms was more 
marked after FDP than after placebo administration. Furthermore, no FDP-treated patient died or had ventricular 
arrhythmias, whereas 2 control patients died (1 from progressive LV failure); another patient had primary ventric- 
ular fibrillation. 


270  Anion-Channel Blockade With Alinidine: A Specific Bradycardic Drug for Coronary Heart Disease 
Without Negative Inotropic Activity 


BRIAN E. JASKI and PATRICK W. SERRUYS 


Alinidine is a new antianginal drug that has been proposed to act through a novel mechanism of anion channel 
blockade and may represent a class of specific bradycardic agents. To determine its cardiac effects, 14 patients 
undergoing cardiac catheterization for suspected coronary disease were given an intravenous dose of alinidine. 
Measurements were made at a spontaneous heart rate and 2 matched pacing heart rates. Alinidine resulted in 
a bradycardia-dependent decrease in myocardial oxygen consumption. In addition, the drug depressed multiple 
indexes of contractility both at spontaneous and matched pacing heart rates. Thus, anion channel blockade with 
alinidine leads to both a decrease in heart rate as well as a decrease in contractility independent of changes in 
heart rate. Further investigation is needed to identify the properties of alinidine that will define its eventual clini- 
cal role in the management of patients with coronary artery disease. 


Continued on page A31 
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Low incidence of side effects Reduces angina attack frequency* 
CARDIZEM® (diltiazem HCl) 42% to 46% decrease reported in 


produces an incidence of adverse multicenter study: 
reactions bot greater than that Increases exercise tolerance* 
reported with placebo therapy, ^ 
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References: 
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cardizem. 
Ce (diltiazem HCl) 
30 mg and 60 mg tablets 

DESCRIPTION T» 

CARDIZEM"* (diltiazem hydrochloride) is a calcium ion influx 
inhibitor (slow channel blocker or calcium antagonist). Chemically, 
diltiazem hydrochloride is 1,5-Benzothiazepin-4(5H)one,3-(acetyloxy) 
-5-[2-(dimethylamino)ethyl ]-2.3-dihydro-2 -(4-methoxyphenyl)-, 
monohydrochioride,(+) -cis-. The chemical structure is: 

OCH, 
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Diltiazem hydrochloride is a white to off-white crystalline powder 
with a bitter taste. It is soluble in water, methanol, and chloroform. 
It has a molecular weight of 450.98. Each tablet of CARDIZEM 
contains either 30 mg or 60 mg diltiazem hydrochloride for oral 
administration. 


CLINICAL PHARMACOLOGY 

The therapeutic benefits achieved with CARDIZEM are believed 
to be related to its ability to inhibit the influx of calcium ions 
— membrane depolarization of cardiac and vascular smooth 
muscle. 

Mechanisms of Action. Although precise mechanisms of its 
antianginal actions are still being delineated, CARDIZEM is believed 
to P in the following ways: 

1. Angina Due to Coronary Artery Spasm: CARDIZEM has been 
shown to be a potent dilator of coronary arteries both epicardial 
and subendocardial. Spontaneous and ergonovine-induced cor- 
onary artery spasm are inhibited by CARDIZEM. 

2. Exertional Angina: CARDIZEM has been shown to produce 
increases in exercise tolerance, probably due to its ability to 
reduce myocardial oxygen demand. This is accomplished via 
reductions in heart rate and systemic blood pressure at submaximal 
and maximal exercise work loads. 

In animal models, diltiazem interferes with the slow inward 
(depolarizing) current in excitable tissue. It causes excitation-contraction 
uncoupling in various myocardial tissues without changes in the 
configuration of the action potential. Diltiazem produces relaxation 
of coronary vascular smooth muscle and dilation of both large and 
small coronary arteries at drug levels which cause little or no 
negative inotropic effect. The resultant increases in coronary blood 
flow (epicardial and subendocardial) occur in ischemic and nonischemic 
models and are accompanied by dose-dependent decreases in sys- 
temic blood pressure and decreases in peripheral resistance. 

Hemodynamic and Electrophysiologic Effects. Like other 
calcium antagonists, diltiazem decreases sinoatrial and atrioventricu- 
lar conduction in isolated tissues and has a negative inotropic effect 
in isolated preparations. In the intact animal, prolongation of the AH 
interval can be seen at higher doses. 

In man, diltiazem prevents spontaneous and ergonovine-provoked 
coronary artery spasm. It causes a decrease in peripheral vascular 
resistance and a modest fall in blood pressure and, in exercise 
tolerance studies in patients with ischemic heart disease, reduces 
the heart rate-blood pressure product for any given work load. 
Studies to date, primarily in patients with good ventricular function, 
have not revealed evidence of a negative inotropic effect; cardiac 
output, ejection fraction, and left ventricular end diastolic pressure 
have not been affected. There are as yet few data on the interaction 
of diltiazem and beta-blockers. Resting heart rate is usually unchanged 
or slightly reduced by diltiazem. 

Intravenous diltiazem in doses of 20 mg prolongs AH conduction 
time and AV node functional and effective refractory periods approxi- 
mately 20%. In a study involving single oral doses of 300 mg of 
CARDIZEM in six normal volunteers, the average maximum PR 
prolongation was 14% with no instances of greater than first-degree 
AV block. Diltiazem-associated prolongation of the AH interval is not 
more pronounced in patients with first-degree heart block. In patients 
with sick sinus syndrome, diltiazem significantly prolongs sinus 
cycle length (up to 50% in some cases). 

Chronic oral administration of CARDIZEM in doses of up to 240 
mg/day has resulted in small increases in PR interval, but has not 
usually produced abnormal prolongation. There were, however, three 
instances of second-degree AV block and one instance of third- 
degree AV block in a group of 959 chronically treated patients. 

Pharmacokinetics and Metabolism. Diltiazem is absorbed 
from the tablet formulation to about 80% of a reference capsule and 
is subject to an extensive first-pass effect, Ar an absolute 
bioavailability (compared to intravenous dosing) of E 
undergoes — hepatic edem in dna 2% to 4% of the 
uncha p aooo in the urine. In vitro binding studies show 
CARDIZEM is i 09e to 8096 bound to plasma proteins. Competitive 
ligand binding studies have also shown CARDIZEM binding is not 
altered by therapeutic concentrations of digoxin, hydrochlorothiazide, 
phenylbutazone, propranolol, salicylic acid, or warfarin. Single oral 
doses of 30 to 120 mg of CARDIZEM result in detectable plasma 
levels within 30 to 60 minutes and peak plasma levels two to three 
hours after drug administration. The plasma elimination half-life 
following single or multiple drug administration is approximately 3.5 
hours. Desacetyl diltiazem is also present in the plasma at levels of 
1096 to 2096 of the parent drug and is 2596 to 5096 as potent a 
coronary vasodilator as diltiazem. Therapeutic blood levels of 
CARDIZEM appear to be in the range of 50 to 200 ng/ml. There is a 
departure from dose-linearity when single doses above 60 mg are 
given; a 120-mg dose gave blood levels three times that of the g 
dose. There is no information about the effect of renal or hepatic 
impairment on excretion or metabolism of diltiazem. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM 


artery spasm. CARDIZEM has been shown effective in the 
treatment of spontaneous coronary artery spasm presenting as 
Prinzmetal's variant angina (resting angina with ST-segment 
elevation occurring during attacks). 
2. Chronic Stable Angina (Classic Effort-Associated Angina). 
CARDIZEM is indicated in the management of chronic stable 
angina. CARDIZEM has been effective in controlled trials in 
reducing angina frequency and increasing exercise tolerance. 
There are no controlled studies of the effectiveness of the concomi- 
tant use of diltiazem and beta-blockers or of the safety of this 
combination in patients with impaired ventricular function or concuc- 
tion abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus 
syndrome except in the presence of a functioning ventricular pacemaker, 
(2) patients with second- or third-degree AV block except in the 
presence of a functioning ventricular pacemaker, and (3) patients 
with hypotension (less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refrac- 
tory periods without significantly prolonging sinus node recov- 
e her time, except in patients with sick sinus syndrome. This 

ect may rarely resuit in abnormally slow heart rates (particularly 
in patients with sick sinus syndrome) or second- or third-degree 
AV block (six of 1243 patients for 0.48%). Concomitant use of 
diltiazem with beta-blockers or digitalis may result in additive 
effects on cardiac conduction. A patient with Prinzmetal's 
angina devel periods of asystole (2 to 5 seconds) after a 
single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative 
inotropic effect in isolated animal tissue preparations , hemodynamic 
studies in humans with normal ventricular function have not 
shown a reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). Experience with the use of 
CARDIZEM alone or in combination with beta-blockers in patients 
with impaired ventricular function is very limited. Caution should 
be exercised when using the drug in such patients. 

cd deg" Decreases in blood pressure associated with 
CARDIZEM therapy may occasionally result in symptomatic 
hypotension. 

4. Acute Hepatic Injury. In rare instances, patients receiving 
CARDIZEM have exhibited reversible acute hepatic injury as 
evidenced by moderate to extreme elevations of liver enzymes. 
(See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is extensively metab- 
olized by the liver and excreted by the kidneys and in bile. As with any 
new drug given over prolonged periods, laboratory parameters should 
be monitored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In sub- 
acute and chronic dog and rat studies designed to produce toxicity, 
high doses of diltiazem were associated with hepatic damage. In 
special subacute hepatic studies, oral doses of 125 mg/kg and 
higher in rats were associated with histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, 
doses of 20 mg/kg were also associated with hepatic changes; 
however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there 
may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See 
WARNINGS). 

Controlled and uncontrolled domestic studies suggest that con- 
comitant use of CARDIZEM and beta-blockers or digitalis is usually 
well tolerated. Available data are not sufficient, however, to predict 
the effects of concomitant treatment, particularly in patients with left 
ventricular dysfunction or cardiac conduction abnormalities. In healthy 
volunteers, diltiazem has been shown to increase serum digoxin 
levels up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 
24-month study in rats and a 21-month study in mice showed no 
evidence of carcinogenicity. There was also no mutagenic response 
in in vitro bacterial tests. No intrinsic effect on fertility was observed 
in rats. 

Pregnancy. Category C. Reproduction studies have been con- 
ducted in mice, rats, and rabbits. Administration of doses ranging 
from five to ten times greater (on a mg/kg basis) than the daily 
recommended therapeutic dose has resulted in embryo and fetal 
lethality. These doses, in some studies, have been reported to cause 
skeletal abnormalities. In the perinatal/postnatal studies, there was 
some reduction in early individual pup weights and survival rates. 
There was an increased incidence of stillbirths at doses of 20 times 
the human dose or greater. 

There are no well-controlled studies in pregnant women; therefore, 
use CARDIZEM in pregnant women only if the potential benefit 
justifies the potential risk to the fetus. 

Nursing Mothers. It is not known whether this drug is excreted 
in human milk. Because many drugs are excreted in human milk, 
exercise caution when CARDIZEM is administered to a nursing 
woman if the drug's benefits are thought to outweigh its potential 
risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not 
been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to 
date, but it should be recognized that patients with impaired ventricu- 
lar Pa! and cardiac conduction abnormalities have usually been 
excluded. 

In domestic placebo-controlled trials, the incidence of adverse 
reactions reported during CARDIZEM therapy was not greater than 
that reported during placebo therapy. 

The following represent occurrences observed in clinical studies 
which can be at least reasonably associated with the pharmacology 
of calcium influx inhibition. In many cases, the relationshi to 
CARDIZEM has not been established. The most common occurrences, 
as well as their frequency of presentation, are: edema (2.496), 


asthenia (1.296), AV block (1.196). In addition, the following events 
were reported infrequently (less than 196) with the order of presenta- 
tion corresponding to the relative frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradycar- 
dia, palpitations, congestive heart failure, 
syncope. - 

Paresthesia, nervousness, somnolence, 
tremor, insomnia, hallucinations, and amnesia. 
Constipation, dyspepsia, diarrhea, vomiting, 
mild elevations of alkaline phosphatase, SGOT, 
SGPT, and LDH. 

Pruritus, petechiae, urticaria, photosensitivity. 
Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of 
vasospastic angina developed periods of transient asymptomatic 
asystole approximately five hours after receiving a single 60-mg 
dose of CARDIZEM. 

The following postmarketi ng events have been reported infre- 
quently in patients receiving CARDIZEM: erythema multiffirme; leu- 
kopenia; and extreme elevations of alkaline phosphatase, SGOT. 
SGPT, LDH, and CPK. However, a definitive cause and effect between 
these events and CARDIZEM therapy is yet to be established. 


OVERDOSAGE OR EXAGGERATED RESPONSE 
Overdosage experience with oral diltiazem has been limited. 
Single oral doses of 300 mg of CARDIZEM have been well tolerated 
by healthy volunteers. In the event of overdosage or exaggerated 
response, appropriate su ive measures should be employed in 
addition to gastric lavage. The following measures may be considered: 


Nervous System: 


Gastrointestinal: 


Dermatologic: 
Other: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If there 
is no response to vagal blockade, administer 
isoproterenol cautiously. 

High-Degree AV Treat as for bradycardia above. Fixed high- 

Block degree AV block should be treated with car- 


diac pacing. 

Administer inotropic agents (isoproterenol, 
dopamine, or dobutamine) and diuretics. 
Vasopressors (eg, dopamine or levarterenol 
bitartrate). 


Actual treatment and dosage should depend on the severity of the 
Clinical situation and the judgment and experience of the treating 
physician. 

The oral/LD.,'s in mice and rats range from 415 to 740 mg/kg 
and from 560 to 810 mg/kg, respectively The intravenous LD., s à 
these species were 60 and 38 mg/kg, respectively. The oral LD... 
dogs is considered to be in excess of 50 mg/kg, while lethality ah 
seen in monkeys at 360 iy by The toxic dose in man is not known, 
but blood levels in excess of 800 ng/ml have not been associated 
with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Coro- 
nary Artery Disease or Angina Pectoris at Rest Due to Coro- 
nary Artery Spasm. Dosage must be adjusted to each patient's 
needs. Starting with 30 mg four times daily, before meals and at 
bedtime, dosage should be increased gradually (given in divided 
doses three or four times daily) at one- to two-day intervals until 
optimum response is obtained. Although individual patients may 
respond to any dosage level, the average optimum dosage range 
appears to be 180 to 240 mg/day There are no available data concern- 
ing dosage requirements in patients with impaired renal or hepatic 
function. If the drug must be used in such patients, titration should be 
carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort acute 
anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Map| Bar sat may be safely 
coadministered with short- and long-acting nitrates, but there 
have been no controlled studies to evaluate the antianginal 
effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 


HOW SUPPLIED 
Cardizem 30-mg tablets are supplied in bottles of 100 (NDC 
0088-1771-47) and in Unit Dose Identification Paks of 100 (NDC 
0088-1771-49). Each green tablet is engraved with MARION on one 
side and 1771 engraved on the other. CARDIZEM 60-mg scored 
tablets are supplied in bottles of 100 (NDC 0088-1772-47) and in Unit 
Dose Identification Paks of 100 (NDC 0088-1772-49). Each yellow 
tablet is engraved with MARION on one side and 1772 on the other. 
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0-914316-41-9, approx. 250pp., Oct. '83, $35.00 





This volume is aimed at providing clinicians with the physiologic and pharmacologic background necessary to ef- 
fectively and efficiently create and administer drug therapy regimens for their patients who suffer heart failure. All efforts 
were made to ensure that the timeliness of each chapter, prepared by internationally respected clinicians and medical 
scientists, would not be compromised by delays in publication. Consequently, this book presents the very latest think- 
ing on the utilization of drug therapy for heart failure and contains many references as recent as 1982 and 1983. This 
book is highly recommended to all physicians presently treating patients with heart failure. 
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Many anxious patients 
have cardiovascular 
symptoms of anxiety. 





Xanax rapidly relieves anxiety... 


In double-blind, four-week clinical trials 
in 976 patients with moderate to severe 
anxiety, therapy with XANAX was com- 
pared with placebo. 

XANAX was significantly more effec- 
tive (p<0.001) than placebo in relieving 
the anxiety, with over half of the patients 





- | ; 
showing marked to moderate improve- 
ment by the first evaluation period (one 
week). 
0 WEEK 4 
... including cardiovascular ...and depressive 
symptoms of anxiety... symptoms of anxiety. 


Most patients in the study had cardio- Over 70% ofthese patients experienced 
vascular symptoms even though cardio- moderate to severe depressed mood. 
vascular disease was ruled out XANAX XANAX was shown to be significantly 
-— A wasshown to effectively relieve anxiety more effective (pxO.014) than placebo in 
» including the accompanying cardiovas- improving depressed mood. 


cula r sym ptoms I. Cohn JB: Multicenter double-blind efficacy and safety study comparing alprazolam. 
y diazepam and placebo in clinically anxious patients. | Clin Psychiatry 1981:42:347-351. 
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2 Xanax: 
alprazolam € 
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ene with sensitivity to this drug or other GE. Ecce and in acute narrow 
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J WARNINGS 
iN -Notof value in psychotic patients. Caution patients against hazardous occupations 
2 requiring complete mental alertness and about the simultaneous ingestion of 
-alcohol and other CNS depressant drugs 
b. -Benzodiazepines can cause fetal harm in pregnant women. Warn patients of 
EL the potential hazard to the fetus. Avoid during the first trimester 


1 PRECAUTIONS 

General: The dosage of XANAX Tablets should be reduced or withdrawn grad- 

- ually since withdrawal seizures have been reported upon abrupt withdrawal. If 
XANAX i is combined with other psychotropics or anticonvulsant drugs. consider 

HM : drug potentiation.(See Drug Interaction section.) Exercise the usual precautions 
— regarding size of the prescription for depressed or suicidal patients In elderly 
| and debilitated patients. use the lowest possible dosage.(See Dosage and 

vá Administration.) Observe the usual precautions in treating patients with impaired 
ES “renal or hepatic function. 


Be - Information for Patients: Alert patients about: (a) consumption of alcohol and 
3. - drugs.(b) possible fetal abnormalities, (c) operating machinery or driving. (d) not 
‘increasing dose of the drug due to risk of dependence. (e) not stopping the drug 

4 abruptly Laboratory Tests: Not ordinarily required in otherwise healthy patients. 

T Drug Interactions: Additive CNS depressant effects with other psychotropics. anti- 

A convulsants. antihistamines. ethanol and other CNS depressants. Pharma- 

: ` Cokinetic interactions with benzodiazepines have been reported. Drug/Laboratory 
© Test Interactions: No consistent pattern for a specific drug or specific test. Carcinogenesis 
E ‘Mutagenesis. Impairment of Fertility. No carcinogenic potential or impairment of 

fertility in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a 

2d ‘mother on benzodiazepines may be at some risk for withdrawal symptoms and 
UR neonatal flaccidity Labor and Delivery: No established use. Nursing Mothers 

E Benzodiazepines are excreted in human milk Women on XANAX should not 
nurse. Pediatric Use: Safety and effectiveness in children below the age of 18 have 

i i “not been established 


|. ADVERSE REACTIONS 
| proide effects are generally observed at the beginning of therapy and usually dis- 
- appear with continued medication. In the usual patient. the most frequent side 
i Y effects are likely to be an extension of the pharmacological activity of XANAX, 
Fes. drowsiness or lightheadedness 
f Central nervous system. Drowsiness. lightheadedness. depression, headache. 
"confusion. insomnia. nervousness syncope. dizziness, akathisia. and tiredness/ 
(s . sleepiness 
S Gastrointestinal: Dry mouth. constipation. diarrhea. nausea/vomiting, and 
P pereased salivation 
- Cardiovascular. Tachycardia/palpitations. and hypotension. 
^ Moor Blurred vision. 
E. Musculoskeletal: Rigidity and tremor. 
+ Cutaneous: Dermatitis/allergy 
ps d Other side effects: Nasal congestion. weight gain. and weight loss 
a In addition. the following adverse events have been reported with the use of 
anxiolytic benzodiazepines: dystonia. irritability. concentration difficulties, 
~ anorexia, loss of coordination. fatigue. sedation, slurred speech. jaundice. 
| musculoskeletal weakness. pruritus. diplopia. dysarthria. changes in libido. 
" , menstrual irregularities. incontinence and urinary retention. 
- Paradoxical reactions such as stimulation. agitation. increased muscle spasticity, 
‘sleep disturbances, and hallucinations may occur. Should these occur discontinue 
3 Ui ‘the drug 
— During prolonged treatment. periodic blood counts. urinalysis. and blood 
: Be aismistry analysis are advisable. Minor EEG changes, of unknown significance, 
"m have been observed 


..— DRUG ABUSE AND DEPENDENCE 
B Physical and Psychological. Dependence: Withdrawal symptoms have occurred follow- 
ing abrupt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
d ‘Curred upon rapid decrease or abrupt discontinuation of therapy In all patients. 
dosage should be gradually tapered under close supervision. Patients with a 
P history of seizures or epilepsy should not be abruptly withdrawn from XANAX 
© Addiction-prone individuals should be under careful surveillance. Controlled 
~ Substance Class: XANAX is a controlled substance and has been assigned to 
'schedule IV 


k DOSAGE AND ADMINISTRATION 
L The usual starting dose is 0.25 to 0.5 mg. ti.d. Maximum total daily dose is 
4 mg. In the elderly or debilitated. the usual starting dose is 0.25 mg, two or three 
= times daily Reduce dosage gradually when terminating therapy. by no more 
than one milligram every three days. 
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2-D Echocardiography 
Ever Published 





Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School: 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 
ISBN 0-914316-35-4, 198 pp, illus., large format 8% x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 
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į [C] Please send me Atlas of 2-Dimensional Echocardiography 
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_ ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


277 Efficacy of Combination Therapy with Mexiletine and a Type IA Agent for Inducible Ventricular 
Tachyarrhythmias Secondary to Coronary Artery Disease 


ALLAN M. GREENSPAN, SCOTT R. SPIELMAN, CHARLES R. WEBB, NEIL M. SOKOLOFF, 
ALAN P. RAE, and LEONARD N. HOROWITZ 


The efficacy of combination therapy using a type IA agent and a type IB agent (mexiletine) in preventing induction 
of sustained ventricular tachyarrhythmias by programmed stimulation in 23 consecutive patients with coronary 
artery disease was assessed by serial drug testing. All patients had inducible sustained ventricular tachyarrhyth- 
mia (18 ventricular tachycardia, 5 ventricular fibrillation), and 83% had associated symptoms of syncope or near 
syncope. In all patients therapy failed with a type IA or IB agent alone. The combination prevented induction of 
ventricular tachyarrhythmia in 8 of 23 patients. The increased efficacy of the combination compared with each 
agent alone was not attributable to differences in plasma levels of the agents when given alone and in combina- 
tion. Responders to the combination had shorter cycle lengths and polymorphic configuration of the control-in- 
duced arrhythmias. This combination therapy with type IA and IB agents adds an effective new regimen to the 
therapy of life-threatening arrhythmias. 


t 285 Autonomic Dependence of Ventriculoatrial Conduction 


"map" 


ROBERT J. HARIMAN, JAMES L. PASQUARIELLO, JOSEPH A.C. GOMES, RONALD HOLTZMAN, and 
NABIL EL-SHERIF 


This study on the effects of isoproterenol and atropine on patients with poor ventriculoatrial (VA) conduction 
demonstrated that these drugs may improve VA conduction. Nine of 17 patients who had no demonstrable 1-to- 1 
VA conduction during rest showed 1-to-1 VA conduction during or after the drug administration. The improve- 
ment of VA conduction by these drugs was related to their effects on the atrioventricular node. The change in VA 
conduction mediated by autonomic changes by these drugs may explain why some patients without demonstra- 
ble VA conduction during rest may have, under certain circumstances, ''endless-loop'' tachycardia or paroxys- 
mal supraventricular tachycardia utilizing the atrioventricular node as the retrograde limb. 


292 Efficacy of Verapamil in Exercise-Induced Ventricular Tachycardia 


~ 


ALAN WOELFEL, JAMES R. FOSTER, R. G. MCALLISTER, Jr., ROSS J. SIMPSON, Jr., and 
LEONARD S. GETTES 


The antiarrhythmic efficacy of verapamil was determined by serial treadmill testing in 16 patients with reproduc- 
ible exercise-induced ventricular tachycardia (VT). Twelve of the 16 patients responded to intravenous verap- 
amil, and 8 of these 12 responded to oral drug. The plasma verapamil concentration was significantly higher in 
the responders than in the nonresponders to intravenous verapamil, but levels were similar in responders and 
nonresponders to oral therapy. The 8 responders to oral drug were followed during chronic verapamil therapy 
for a mean of 15 months, and exercise-induced VT did not recur in any patient. In 4 of the 5 responders who also 
had concomitant spontaneous VT unrelated to exercise, verapamil controlled the spontaneous arrhythmia as 
well. In patients with exercise-induced VT, verapamil is a promising therapeutic agent, and its effectiveness is 
consistent with a mechanism of arrhythmogenesis involving calcium channels. 


298 Entrainment of Ventricular Tachycardia by Atrial Depolarizations 


e fy. 2 AY 
i on , 


JESUS M. ALMENDRAL, CHARLES GOTTLIEB, FRANCIS E. MARCHLINSKI, ALFRED E. BUXTON, 
JOHN U. DOHERTY, and MARK E. JOSEPHSON 


Four patients in whom rapid atrial pacing resulted in transient entrainment of a sustained ventricular tachycardia | 


(VT) are presented. Ventricular fusion was seen in 3 of the 4 patients. The following observations were made: 
(1) A single atrial depolarization resulted in ventricular fusion and resetting of a VT, while atrial pacing at a faster 
rate entrained the same VT but without detectable fusion. This suggests that fusion during entrainment may be 
a rate-dependent phenomenon. (2) The interval between the last paced beat and the first nonpaced VT beat was 
different from the pacing cycle length in 3 patients. (3) One VT was entrained with atrial pacing, while ventricular 
pacing at the same rate resulted in termination, suggesting "site specificity” for termination. Therefore, the cri- 
teria previously described as characteristic of entrainment can be absent, and additional phenomena may be ob- 
served after stimulation that further support reentry as the mechanism of VT. 
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K-Lyte/Cl Effervescent Tablets Brief Summary 


Caution: Federal Law Prohibits Dispensing 
Without Prescription 
DESCRIPTION: Each K-Lyte/Cl® tablet in 
solution provides the equivalent of 25 mEq 
(1865 mg) potassium dhloride supplied by 1.5 
potassium chloride, 0.5 gm potassium 
M eiphate and 0.91 gm L-lysine monohydro- 
chloride and 0.55 gm citric acid. 
Each K-Lyte/Cl* 50 mEq tablet in 
solution provides the equivalent 
of 50 mEq (3730 mg) potas- 
sium chloride supplied by 
2.24 gm potassium 
chloride, 2.0 gm 










potassium bicarbonate and 3.65 gm L-lysine 
monohydrochloride and 1.0 gm citric acid. 
INDICATIONS AND USAGE: Therapy or 
prophylaxis of potassium deficiency. 
CONTRAIND CATIONS: Contraindicated in 
patients with hyperkalemia. Hyperkalemia may 
complicate chronic renal impairment, metabolic 
acidosis, acute dehydration, and extensive 
tissue breakdown. Concomitant administration 
of potassium salts and potassium-sparing 
diuretic can produce severe hyperkalemia. 
WARNINGS: In patients with impaired 
potassium excreting mechanisms, the adminis- 
tration of potassium salts can produce hyper- 
kalemia and cardiac arrest. This occurs most 
commonly in patients given potassium intraven- 
ously but may also occur in patients given 
potassium orally. Potentially fatal hyperkalemia 
can develop rapidly and may be asymptomatic. 
Use in patients with chronic renal disease, or 
any other condition which impairs potassium 
excretion, requires careful monitoring of the 
serum potassium concentration and appropriate 
dosage adjustment. 

PRECAUTIONS: The diagnosis of potassium 
depletion is ordinarily misde by demonstrating 
hypokalemia in a patient with a clinical history 


suggesting some cause for potassium depletion. 
Acute alkalosis per se can produce hypokalemia 
in the absence of a deficit in total body potas- 
sium, while acute acidosis per se can increase 
the serum potassium concentration into the 
normal range even in the presence of reduced 
total body potassium. Therefore, the treatment 
of potassium depletion requires careful atten- 
tion to'acid-base balance and appropriate 
monitoring of serum electrolytes, the ECG, and 
the clinical status of the patient. 

Information for Patients: Patients should be 
carefully directed to completely dissolve each 
tablet. 

Drug Interactions: Simultaneous administra- 
tion of potassium supplements and a potassium- 
sparing diuretic as well as concomitant use of 
potassium supplements and salt substitutes can 
result in hyperkalemia (see Contraindications). 
Usage in Pregnancy - Pregnancy Category C: 
It is not known whether K-Lyte products can 
cause fetal harm when administered to a 
pregnant woman or can affect reproduction 
capacity. 

Nursing Mothers: There is a potential for 
serious adverse reactions in nursing infants 
from oral potassium supplements given to the 
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each tablet in solution provides 25 mEq 
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mother. Nursing or the drug should be discor 
tinued based on the importance of the drug fo 
the mother. 

Usage in Children: Safety and effectiveness 
children have not been established. 
ADVERSE REACTIONS: The most comm 
adverse reactions to oral potassium supple- 
ments are nausea, vomiting, diarrhea and 
abdominal discomfort. These side effects oc 
more frequently when the medication is no! 
taken with food or is not diluted properly o 
dissolved completely. 

Hyperkalemia occurs only rarely in patient 
with normal renal function receiving potassiu 
supplements orally. 
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305 Electrical Alternans in Wide Complex Tachycardias 
MARK S. KREMERS, JOHN M. MILLER, and MARK E. JOSEPHSON 


The occurrence of electrical alternans of the QRS and T wave was analyzed in 156 electrocardiograms that 
showed wide QRS tachycardias. There were 136 ventricular tachycardias (VT) in 74 patients and 20 supraven- 
tricular tachycardias (SVT) in 17 patients. Alternans was present in 42 tracings (27%) from 35 patients (3876) 
and was equally frequent in the patients with VT (3996) and SVT (3596). Alternans occurred in 36 VTs (27 %) and 
6 SVTs (3096), but was evident in more leads in the latter. Tachycardias with alternans had a shorter mean cycle 
length than tachycardias without alternans (339 + 53 vs 368 + 85, p <0.05), but were not associated with a par- 

* ticular QRS morphology or axis. All SVTs with alternans incorporated an atrioventricular bypass tract. Electrical 
alternans occurs frequently in wide QRS tachycardias and does not distinguish between VT and SVT. SVT using 
bypass tracts frequently show alternans even if the QRS is wide. 


309 Programmed Electrical Stimulation and Long-Term Follow-Up in Asymptomatic, Nonsustained 
Ventricular Tachycardia 


ENRICO P. VELTRI, EDWARD V. PLATIA, LAWRENCE S.C. GRIFFITH, and PHILIP R. REID 


Thirty-three patients with asymptomatic, nonsustained ventricular tachycardia (VT) (3 or more beats, less than 
30 seconds in duration, rate greater than 100/min) on 24-hour Holter monitoring and no history of clinical ar- 
rhythmia (presyncope, syncope or sudden death) underwent programmed electrical stimulation and subsequent 
long-term follow up. Programmed electrical stimulation induced VT (3 or more beats) in 14 patients (42%), sus- 
tained VT in 7 (2196) and nonsustained VT in 7 (2196). Inducible VT was associated with underlying heart dis- 
ease in 9 of 19 patients with coronary artery disease, 3 of 6 patients with cardiomyopathy and 2 of 4 patients 
with mitral valve prolapse. Patients without structural heart disease did not have inducible VT. Ejection fraction 
(EF) was not significantly different in patients with or without inducible VT. At 23 + 16 months (mean + standard 
deviation) of follow-up, 28 patients (8596) were alive, 4 (1296) had died from a cardiac cause (EF 49 + 17 vs 28 
+ 2096, p <0.03) and 1 had died from cerebrovascular accident. Twenty-six patients (7996) were free of clinical 
arrhythmia and 7 patients (2196) had arrhythmia (EF 49 + 18 vs 31 + 17%, p <0.04). Apparently in asympto- 
matic, nonsustained VT, (1) underlying heart disease makes inducible VT more likely, (2) an incidence of pro- 
gression to clinical arrhythmic events is apparent, and (3) EF appears predictive of subsequent cardiac death and 
clinical arrhythmic events but not ability to induce VT. 


SYSTEMIC HYPERTENSION 


315 Single and Combined Therapy for Systemic Hypertension with Propranolol, Hydralazine and 
Hydrochlorothiazide: Hemodynamic and Neuroendocrine Mechanisms of Action 


JULIA MULVHILL-WILSON, F. ANDREW GAFFNEY, WILLIAM W. NEAL, ROBERT M. GRAHAM, 
WILLIAM A. PETTINGER, and C. GUNNAR BLOMQVIST 


The antihypertensive mechanisms of single and combined chronic therapy with propranolol and/or hydralazine 
were investigated in 9 patients with moderately severe hypertension, who were receiving maintenance hydro- 
chlorothiazide. Responses to therapy were determined at rest and during lower body negative pressure and dur- 
ing dynamic and static exercise stress. All 3 drug regimens reduced blood pressure in both the supine and stand- 
ing position, and during lower body negative pressure and dynamic exercise. There was a significant additive 
antihypertensive effect when propranolol and hydralazine were combined. Only combination therapy effec- 
tively lowered pressure during static exercise. With upright rest and dynamic exercise, all 3 drug treatments 
significantly reduced total peripheral resistance (p <0.05) without changing cardiac output or maximal exercise 
capacity. Despite lower blood pressure, plasma norepinephrine concentration was not changed, although plas- 
ma renin activity decreased with propranolol and combination therapy. 


CONGESTIVE HEART FAILURE 


321 Measurement of Cardiac Output During Exercise by the Thermodilution and Direct Fick Techniques 
in Patients with Chronic Congestive Heart Failure 


DAVID P. LIPKIN and PHILIP A. POOLE-WILSON 


Nine men with chronic stable congestive heart failure (New York Heart Association class II or Ill) were studied. 
Oxygen consumption was measured continuously using a mass spectrophotometer. Cardiac output was deter- 
mined by thermodilution and from the Fick equation at the end of each stage of treadmill exercise. In 2 patients 
tricuspid regurgitation developed during exercise, which resulted in unphysiologic estimates of cardiac output 
by thermodilution. With this exception, cardiac output measured by thermodilution correlated closely with that 
obtained using the Fick equation both at rest and during exercise. 


Continued on page A34 
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VALVULAR HEART DISEASE 


325 Doppler Hemodynamic Evaluation of Prosthetic (Starr-Edwards and Björk-Shiley) and Bioprosthetic 
(Hancock and Carpentier-Edwards) Cardiac Valves 


GEORGE A. WILLIAMS and ARTHUR J. LABOVITZ 


One hundred thirty-four patients with 162 prosthetic heart valves were investigated to determine normal Dop- 
i pler-derived values for mitral orifice and aortic valve gradient and to test the specificity of abnormal findings. The 
Mr calculated mitral valve orifice ranged from 1.1 to 3.7 cm? for Bjórk-Shiley, Starr-Edwards and porcine mitral 
M valves. Aortic valve gradients ranged from 0 to 40 mm Hg. Eleven valves were abnormal by Doppler; abnormali- 
E ties were confirmed at cardiac catheterization or surgery. Doppler echocardiography provides hemodynamic in- 
formation that corresponds well with previously reported invasive data and is a reliable method for evaluating 
prosthetic valves. 


S PRETI p F T 


. 333 Doppler Versus Contrast Echocardiography for Diagnosis of Tricuspid Regurgitation 
4 JULIUS MICHAEL CURTIUS, MICHAEL THYSSEN, HANS-WILLI MARIA BREUER, and FRANZ LOOGEN 


Sixty-eight patients were studied using contrast echocardiography (CE) and Doppler echocardiography (DE) to. 
evaluate both methods in detecting and grading tricuspid regurgitation (TR). In all patients, right ventricular (RV) 
angiography was performed. The severity of TR was graded on a 4-point scale. RV angiography could be evalu- 

» ated in 77%, CE in 96% and DE in 100%. TR was found to be present in 33 patients by RV angiography. CE and 

irs DE correctly diagnosed 27 and 30 patients, respectively, amounting to a sensitivity of 8296 and 9196 and a 

pue specificity of 100% and 86%. CE and DE grading showed a high concordance with RV angiographic grading (r 
= 0.84 andr = 0.82, respectively). The relatively low sensitivity of CE and DE is probably a result of false-posi- 
tive RV angiographic findings. CE and DE are practicable methods for diagnosing TR and are probably superior 
to RV angiography. DE has a higher sensitivity than CE. 


CARDIOMYOPATHY 


$ 337 Determinants of Prognosis in Idiopathic Dilated Cardiomyopathy as Determined by Programmed 
Electrical Stimulation 


E | THOMAS MEINERTZ, NORBERT TREESE, WOLFGANG KASPER, ANNETTE GEIBEL, 
n^ THOMAS HOFMANN, MANFRED ZEHENDER, DORIS BOHN, TIBERIUS POP, and HANJOERG JUST 


The incidence and prognostic significance of electrically induced ventricular arrhythmias were prospectively as- 
Pert sessed in 42 patients with idiopathic dilated cardiomyopathy and the results were compared with those of 24- 
oat hour Holter monitoring and signal-averaging vectorcardiography. In none of the patients was a sustained mono- 
hi morphic ventricular tachycardia induced. During a follow-up of 16 + 7 months, 2 patients died suddenly and 5 
E patients died from chronic congestive heart failure. None of these patients had inducible monomorphic ventricu- 
à lar tachycardia and none had a late potential, but 4 of 7 patients had spontaneous ventricular tachycardia and all 
| patients had an ejection fraction of less than 3096. Thus, in most patients with idiopathic dilated cardiomyopathy, 
S programmed electrical stimulation fails to reproduce an electrophysiologic correlate to the frequent ventricular 
TM arrhythmias in these patients. 


CONGENITAL HEART DISEASE 


E “a 


.. 942 Prosthetic Repair of Coarctation of the Aorta with Particular Reference to Dacron Onlay Patch Grafts 
and Late Aneurysm Formation 


ex PATRICIA M. CLARKSON, PETER W.T. BRANDT, BRIAN G. BARRATT-BOYES, 
JOHN D. RUTHERFORD, ALAN R. KERR, and JOHN M. NEUTZE 


ey Seventy-two patients with prosthetic repair of coarctation of the aorta were reviewed up to 24 years after opera- 
tion. False aneurysms occurred in 2 patients who had a tube graft. A Dacron® onlay patch graft (DOPG) was used 
as the primary method of repair to revise a previous repair or as an adjunct to another procedure. The chance 
of late postoperative aneurysm was 38% at 14 years in 38 patients in whom DOPG was used as the only proce- 
dure. Diagnosis of aneurysm formation late postoperatively depends on awareness of this complication and 
careful assessment of lateral as well as posteroanterior chest radiographs. The DOPG should be avoided when- 
NO ever possible. 
"oS Continued on page A45 
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For hypertensive emergency 


. TRANDAT E 
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bacio HCl/Glaxo 


The" beta-dilator^ response: 
control within minutes 


Action within a minute. Trandate” (labetalol HCl/Glaxo) Injection 
rapidly, predictably lowers blood pressure by: lowering total peripheral’ 
resistance (TPR), while maintaining cardiac output.'? The "beta-dilator 
effect of simultaneous beta blockade and alpha blockade-induced 
vasodilation ts apparent within à minute. 


| Rapid control. Full effect of an IV dose is apparent in 5 to 10 
minutes: helps avoid. hypotensive“ ‘overshoot; : ¿facilitates monitoring. 


Cost control. Rapid effect may shorten hospital Stay and” 
beneficially affect costs under DRG's: 


Well tolerated.* The most commonly reportéd adverse reactions: 
 postufal hypotension,’ dizziness,* paresthesias, increased sweating 
and näused. . " 


Smooth transition to oral therapy with the same agent 
Control of hypertensive crisis with Trandate Injection allows continued 
control on oral.therapy with no need to change agents. 

Trandate Injection—the “bêta-dilator response to hypertensive 
emergencies...another original product of Glaxo research. 


* Patients should always be kept in a supine position during IV drug administration. See DOSAGE AND ADMINISTRATION section 
of Prescmbing Information before initiating therapy 

' The episodes of postural hypotension and dizziness occurred primarily in one study in which patients were placed in an upright 
position within three hours of dosing for evaluation 


Fora digcussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the. last page of this advertisement. ° r} 
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aw |randate Injection can be administered as repeated IV injections, or 
by continuous Infusion 

ay After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

aar Discontinue Trandate Injection when blood pressure goal is 
achieved—when supine blood pressure has begun to rise, oral 
therapy may be initiated 

aur Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 
For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. 


References: 1. Wallin JD, O'Neill WM Jr: Labetalol, current research and therapeutic status. Arch Intern Med 1983: 
143:485-490. 2. MacCarthy EP. Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219. 
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BRIEF SUMMARY OF PRESCRIBING INFORMATION. 
INDICATIONS AND USAGE: TRANDATE* (labetalol HCI) Injection is indicated for control of blood 


pressure in severe hypertension. 
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CONTRAINDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt cardiac 
iMt in than first degree heart block, cardiogenic shock, and severe bradycardia (see 


WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
function in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol HCI. Labetalol HCI does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully difftalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE® therapy should be withdrawn 
(gracually, if possible). 

ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HCI has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalol HCI to patients with 
pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. This is especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia; 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCl's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood paps. Although such findings have not been reported with intravenous labetalol HCI, a num- 
ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as 1 or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

PRECAUTIONS: General: /mpaired hepatic function may diminish metabolism of TRANDATE® 
Injection. 

Hypotension: Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HCI has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
HCI be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 
mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol HCI) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HC! alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCl administered orally. 
Since this could be explained either by enhanced absorption or by an alteration of hepatic metabolism 
of labetalol HCl, special care should be used in establishing the dose required for blood pressure con- 
trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, 
high concentrations (396 or above) of halothane should not be used because the degree of hypotension 
will be increased and because of the possibility of a large reduction in cardiac output and an increase 
$ pe pressure. The anesthesiologist should be informed when a patient is receiving la- 

etalol HCI. 

Labetalo! HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 
tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 
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Drug/Laboratory Test Interactions: The presence of a metabolite of labetalol in the urine ma 
result in falsely increased levels of urinary catecholamines when measured by a nonspecific t 
droxyindole (THI) reaction. In screening patients suspected of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 
ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms 
according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal 
malformations was observed. Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.00496 of the maternal dose) are ex- 
creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol! HCI 
withdrawal. Symptomatic postural hypotension (incidence 5896) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

m following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalo! HCI. The largest experience 
is with oral labetalol HCI (see TRANDATE Tablet Product Information for details.) Certain of the side 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. 
therapeutic trials data base for adverse reactions that are probably or possibly dose-related. 


7 
Labetalol HCI ae 
Daily Dose (mg) m Wm cw 0 SO ae, 2400 
Number of Patients 522 181 606 608 503 117 411 242 175 
Dizziness (%) 2 3 3 3 5 1 § 1 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea <1 0 1 2 4 0 7 11 19 
Vomiting 0 o ef. <1 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 2 4 
Paresthesias 2 0 2 2 1 1 2 5 5 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 
Impotence 1 1 1 1 2 4 3 4 3 
Edema 1 0 1 1 1 0 1 2 2 


The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 

ported with labetalol HC! during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 4% of patients tested and, more rarely, reversible in- 
creases in blood urea. 
OVERDOSAGE: Overdosage with TRANDATE® Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia— administer atropine (3.0 mg). If there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure—administer a digi- 
talis glycoside and a diuretic. Hypotension— administer vasopressors, eg, norepinephrine. There is 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm—admin- 
ister a beta;-stimulating agent and/or a theophylline preparation. 

If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically induced 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalol HCI 
can be removed from the general circulation by hemodialysis. 

The oral LDsg value of labetalol HCI in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous LDso in these species is 50 to 60 mg/kg. 

DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- 
after, inpatient titration with TRANDATE Tablets may proceed as follows: 

Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


*|f needed, the total daily dose may be given in three divided doses. 

While in the hospital, the dosage of TRANDATE (labetalol HC!) Tablets may be increased at one-day 
intervals to achieve the desired blood pressure reduction. 

For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendations. 
HOW SUPPLIED: TRANDATE® Injection, 5 mg/ml, is supplied in 20 ml (100 mg) ampules, box of 1 
(NDC 0173-0350-59). 
Store between 2° and 30° C (36° and 86° F.) Do not freeze. 
Manufactured for Glaxo Inc. Research Triangle Park, NC 27709 
by Schering Pharmaceutical Corporation (PR). Manati, PR 00701 
€ Copyright 1984, Glaxo Inc. All rights reserved. 
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Haley Land is O ur commitment to do more than required led to our 


à Quantum ^ recipient. 


proudest achievement — the highest reliability rating 
(and lowest recall statistics) of any major pacemaker man- 
ufacturer. The reliability record of our pacemaker products 
exceeds the industry standard tenfold. It is a record that is 
even more impressive when combined with the fact 
Intermedics makes the most advanced pacemaker systems 
in the world. 

But when the fullness of life depends on the flawless 


i : _ performance of a sophis- 

A life like Haley Lands ae implant, hi is 
IS WOT th CVCTY d nen mung aS exces- 
extra step we take. sive reliability. Or safety. 


Or ease of implantation 
and programming. Or quality control. 

But even more important to you, if a product bearing 
our name is ever involved in an unanticipated adverse reac- 
tion, we'll immediately take every step to correct the problem 
and provide you with complete information. Because we 
know there’s more at stake than our reputation. 

At Intermedics, we believe the extra steps we take in 
everything we do helped make us the world’s second largest 
pacemaker company in just eleven years. We know it’s the 
reason Intermedics has consistently produced the most 
dependable line of pacemakers ever offered. For complete 
documentation, ask your Intermedics Representative. Call 
us toll-free at 1-800-231-2330. (In Texas, 1-800-392-3726.) 
You'll see a record worth every extra step. 





¥@ Intermedics Inc 
Quality comes to life. 





POST-MI PROTECTION 





Regardless of: 


Heart size 
Infarction site 


Transmuralor_—~" 
nontransmuraVMIi 


Risk group 








BLOCADREN In all risk groups combined: 
REDUCES THE RISK Reduced sudden death 





OF BOTH (death occurring Tes ix 0001) 
CARDIOVASCULAR within 24 hours of symptoms) 
MORTALITY AND Reduced instantaneous death 71.496 


(death occurring within a few seconds) (p=0.0002)*" 


REINFARCTION 
IN MANY POST-MI Reduced overall mortality?” 39.4% 
FATIENTS (p= 00005) 


Reduced reinfarction rate 28.4% 
(p= 0.0006) 











Cardioprotection! Documented up to 33 Months? 

Treatment should be initiated within 1 to 4 weeks after infarction. Data are 

not available as to whether benefit would ensue if BLOCADREN is initiated later. 
' Rodda, B.E.: The timolol myocardial infarction study: An evaluation of selected variables, 

Circulation 67(suppl 1): 101-1106, June 1983 (by permission of the American Heart 

Association, Inc.). 


? The Norwegian Multicenter Study Group: Timolol-induced reduction in mortality and 
reinfarction in patients surviving acute myocardial infarction, N. Engl. J. Med. 
304(14):801-807 April 2, 1981. 


* This p value was obtained from the survival and life-table analyses, which compared the 
patterns of the two mortality (or reinfarction) curves in their entirety rather than on the 
frequency counts alone. 

** This p value was based on simple death ratio calculations (i.e., frequency counts alone). 
*** Reduction in overall mortality was primarily attributable to a reduction in cardiovascular 
mortality. 


t cardioprotection — reduction in the risk of both cardiovascular mortality and reinfarction 
in many stabilized post-MI patients 


REDUCES THE RISK OF BOTH CARDIOVASCULAR 
MORTALITY AND REINFARCTION IN MANY STABILIZED 
POST-MI PATIENTS 


AT JUST 10 MG BILD. 


In many stabilized post-MI patients 
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~ CONTRAINDICATIONS: 

- = BLOCADREN is contraindicated in patients with bronchial asthma, 
. 8 history of bronchial asthma, or severe chronic obstructive pul- 
monary disease (see WARNINGS); sinus bradycardia: second- and 
~ — third-degree atrioventricular block; overt cardiac failure 


1 


E _ (see WARNINGS); cardiogenic shock; hypersensitivity to this product. 
WARNINGS: 


“A 
d 

















- Cardiac Failure: Sympathetic stimulation may be essential for 
-. Support of the circulation in individuals with diminished myocar- 
- .. dial contractility, and its inhibition by beta-adrenergic receptor 
EN blockade may precipitate more severe failure. Although beta block- 
= ers Should be avoided in overt congestive heart failure, they can be 
. . used, if necessary, with caution in patients with a history of failure 
. who are well compensated, usually with digitalis and diuretics. 
Both digitalis and timolol maleate slow AV conduction. If cardiac 
— failure persists, therapy with BLOCADREN should be withdrawn. 
~ in Patients without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
1 ET à period of time can, in some cases, lead to cardiac failure. At 
= the first sign or symptom of cardiac failure, patients receiving 
.. . BLOCADREN should be digitalized and/or be given a diuretic, 
DE and the response observed closely. If cardiac failure continues 
- despite adequate digitalization and diuretic therapy, BLOCADREN 
- . Should be withdrawn. 


~= | . Exacerbation of Ischemic Heart Disease following Abrupt 
. | Withdrawal -Hypersensitivity to catecholamines has been 

E . Observed in patients withdrawn from beta-blocker therapy; 
. | exacerbation of angina and, in some cases, myocardial 
| infarction have occurred after abrupt discontinuation of such 
. | therapy. When discontinuing chronically administered timolol 
| Maleate, particularly in patients with ischemic heart disease, 
— [| the dosage should be gradually reduced over a period of one 
- | to two weeks and the patient should be carefully monitored. 

| If angina markedly worsens or acute coronary insufficiency 
. develops, timolol maleate administration should be reinstitu- 
. ted promptly, at least temporarily, and other measures appro- 
priate for the management of unstable angina should be 
taken. Patients should be warned against interruption or 
discontinuation of therapy without the physician's advice. 
. Because coronary artery disease is common and may be 
 unrecognized, it may be prudent not to discontinue timolol 
- maleate therapy abruptly even in patients treated only for 
. hypertension. 
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F- 
- . Nonallergic Bronchospasm: In patients with nonallergic broncho- 
= Spasm or with a history of nonallergic bronchospasm (e.g., chronic 
bronchitis, emphysema), BLOCADREN should be administered 
. With caution since it may block bronchodilation produced by endoge- 
é nous and exogenous catecholamine stimulation of beta, receptors. 
— Major Surgery: The necessity or desirability of withdrawal of beta- 
- blocking therapy prior to major surgery is controversial. Beta- 
~ adrenergic receptor blockade impairs the ability of the heart to 
—— respond to beta-adrenergically mediated reflex stimuli. This may 
au gment the risk of general anesthesia in surgical procedures. 
-—— . Some patients receiving beta-adrenergic receptor blocking agents 
i h e been subject to protracted severe hypotension during anes- 
_ thesia. Difficulty in restarting and maintaining the heartbeat has 
also been reported. For these reasons, in patients undergoing 
elective surgery, some authorities recommend gradual withdrawal 
- beta-adrenergic receptor blocking agents. 
N. If necessary during surgery, the effects of beta-adrenergic 
- blocking agents may be reversed by sufficient doses of such 
agonists as isoproterenol, dopamine, dobutamine, or levarterenol 
(See OVERDOSAGE). 
- Diabetes Mellitus: BLOCADREN should be administered with cau- 
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tion in patients subject to spontaneous hypoglycemia or to dia- 
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. betic patients (especially those with labile diabetes) who are 
. feceiving insulin or oral hypoglycemic agents. Beta-adrenergic 
receptor blocking agents may mask the signs and symptoms of 
acute hypoglycemia. 

_ Thyrotoxicosis: Beta-adrenergic blockade may mask certain clini- 
` Cal signs (e.g., tachycardia) of hyperthyroidism. Patients suspected 
-. of developing thyrotoxicosis should be managed Carefully to avoid 
_ abrupt withdrawal of beta blockade which might precipitate a 
thyroid storm. 
n . PRE ONS: 
r -. General: Impaired Hepatic or Renal Function: Since BLOCADREN 
- 1s partially metabolized in the liver and excreted mainly by the 
kidneys, dosage reductions may be necessary when hepatic and/or 
. renal insufficiency is present. 
~ - Dosi 1g in the Presence of Marked Renal Failure: Marked hypoten- 
. Sive responses have been seen in patients with marked renal 

. impairment undergoing dialysis after 20-mg doses. Dosing in such 
l pa tier ts should therefore be especially cautious. 
_ Muscle Weakness: Beta-adrenergic blockade has been reported to 
_ potentiate muscle weakness consistent with certain myasthenic 
É oms (e.g. diplopia, ptosis, and generalized weakness). 
Timolo has been reported rarely to increase muscle weakness in 
. Some patients with myasthenic symptoms. 
- Cerebrovascular Insufficiency: Because of potential effects of 
a-adrenergic blocking agents relative to blood pressure and 
se, these agents should be used with caution in patients with 
vascular insufficiency. If signs or symptoms suggesting 
ed cerebral blood flow are observed, consideration should be 
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reserpine, because of possible additive effects and the production 
of hypotension and/or marked bradycardia which may produce 
vertigo, syncope, or postural hypotension. 

Blunting of the antihypertensive effect of beta-adrenoceptor 
blocking agents by nonsteroidal anti-inflammatory drugs has been 
reported. When using these agents concomitantly, patients should 
be observed carefully to confirm that the desired therapeutic effect 
has been obtained. 

Literature reports suggest that oral calcium antagonists may be 
used in combination with beta-adrenergic blocking agents when 
heart function is normal, but should be avoided in patients with 
impaired cardiac function. Hypotension, AV conduction distur- 
bances, and left ventricular failure have been reported in some 
patients receiving beta-adrenergic blocking agents when an oral 
calcium entry blocker was added to the treatment regimen. Hypo- 
tension was more likely to occur if the calcium entry blocker were 
a dihydropyridine derivative, e.g., nifedipine, while left ventricular 
failure and AV conduction disturbances were more likely to occur 
with either verapamil or diltiazem. - 

Intravenous calcium entry blockers should be used with caution 
in patients receiving beta-adrenergic blocking agents. 

The concomitant use of beta-adrenergic blocking agents and 
digitalis with either diltiazem or verapamil may have additive 
effects in prolonging AV conduction time. 


Carcinogenesis, Mutagenesis, Impairment of Fertility: 1n a two- 
year study of timolo! maleate in rats, there was a statistically 
significant (p<0.05) increase in the incidence of adrenal pheo- 
chromocytomas in male rats administered 300 times the maxi- 
mum recommended human dose (1 mg/kg/day). Similar differ- 
ences were not observed in rats administered doses equivalent to 
25 or 100 times the maximum recommended human dose. In a 
lifetime study in mice, there were statistically significant (p<0.05) 
increases in the incidence of benign and malignant pulmonary 
tumors and benign uterine polyps in female mice at 500 mg/kg/ 
day, but not at 5 or 50 mg/kg/day. There was also a Significant 
increase in mammary adenocarcinomas at the 500-mg/kg/day 
dose. This was associated with elevations in serum prolactin 
which occurred in female mice administered timolol at 500 mg/kg, 
but not at doses of 5 or 50 mg/kg/day. An increased incidence of 
mammary adenocarcinomas in rodents has been associated with 
administration of several other therapeutic agents which elevate 
Serum prolactin, but no correlation between serum prolactin levels 
and mammary tumors has been established in man. Furthermore, 
in adult human female subjects who received oral dosages of up to 
60 mg of timolol maleate, the maximum recommended human 
oral dosage, there were no clinically meaningful changes in serum 
prolactin. 

There was a statistically significant increase (p<0.05) in the 
Overall incidence of neoplasms in female mice at the 500-mg/kg/ 
day dosage level. 

Timolol maleate was devoid of mutagenic potential when evalu- 
ated in vivo (mouse) in the micronucleus test and cytogenetic 
assay (doses up to 800 mg/kg) and in vitro in a neoplastic cell 
transformation assay (up to 100 ug/ml). In Ames tests the highest 
concentrations of timolol employed, 5,000 or 10,000 n.9/plate, 
were associated with statistically significant elevations (p<0.05) 
of revertants observed with tester strain TA100 (in seven replicate 
assays), but not in the remaining three strains. In the assays with 
tester strain TA100, no consistent dose response relationship was 
observed, nor did the ratio of test to control revertants reach 2. A ra- 
tio of 2 is usually considered the criterion for a positive Ames test. 

Reproduction and fertility studies in rats showed no adverse 
effect on male or female fertility at doses up to 150 times the 
maximum recommended human dose. 


Pregnancy — Category C: Should be used during pregnancy only if 
the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: Because of the potential for serious adverse 
reactions from timolol in nursing infants, a decision should be 
made whether to discontinue nursing or to discontinue the drug, 
taking into account the importance of the drug to the mother. 


Pediatric Use: Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS: 
BLOCADREN is usually well tolerated in properly selected patients. 
Most adverse effects have been mild and transient. 

In a multicenter (12-week) clinical trial comparing timolol 
maleate and placebo, the following adverse reactions were 
reported spontaneously and considered to be causally related to 
timolol maleate: 

COME ee DES. Ma See ise ht n 
Timolol Maleate Placebo 
(n= 176) (n= 168) 
% % 


BODY AS A WHOLE 
fatigue/tiredness 
headache 
chest pain 
asthenia 

CARDIOVASCULAR 
bradycardia 
arrhythmia 
syncope 
edema 

DIGESTIVE 
dyspepsia 
nausea 
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MSS < Timolol Maleate Placebo 
RAA a Aas M GENEREN) (n= 168) 
o T d PUN | R 1 $ * KA i Vad US 
SKIN 
pruritus 1.1 0 
NERVOUS SYSTEM 
dizziness 23 1.2 
vertigo 0.6 0 
paresthesia 0.6 0 
PSYCHIATRIC 
decreased libido 0.6 0 
RESPIRATORY 
dyspnea L7 0.6 
bronchial spasm 0.6 0 
rales 0.6 0 
SPECIAL SENSES 
eye irritation 1.1 0.6 
tinnitus 0.6 eo 


These data are representative of the incidence of adverse 
effects that may be observed in a properly selected hypertensive 
patient population, e.g.,a group excluding patients with bron- 
chospastic disease, congestive heart failure, or other contraindi- 
cations to beta-blocker therapy. These adverse reactions can 


also occur in patients with coronary artery disease. 


In a different population, the coronary artery disease popula- 


tion, studied in the Norwegian multicenter trial (see CLINICAL 
PHARMACOLOGY), the frequency of the principal adverse reac- 
tions and the frequency with which these resulted in discontinu- 
ation of therapy in the timolol and placebo groups were: 


Adverse Reactiont Withdrawalt 
Timolo! Placebo Timolo! Placebo 


(n=945) (n=939) (n - 945) (n=939) 
% % % % 


Asthenia or Fatigue 5 1 <1 <1 
Heart Rate 

<40 beats/minute 5 <1 4 c1 
Cardiac Failure — Nonfatal 8 7 3 2 
Hypotension 3 2 3 1 
Pulmonary Edema - Nonfatal 2 «1 «1 «1 
Claudication 3 3 1 <1 
AV Block 

2nd or 3rd degree <1 <1 <1 «1 
Sinoatrial Block «1 «1 «1 «1 
Cold Hands and Feet 8 «1 «1 0 
Nausea or Digestive 

Disorders 8 6 1 «1 
Dizziness 6 4 1 0 
Bronchial Obstruction 2 «1 1 «1 


TWhen an adverse reaction recurred in a patient, it is listed 
only once. 
Only principal reason for withdrawal in each patient is listed. 


ere Ctt IUE E SPP ERIS QUU MUSEI ERU S COE 

The following additional adverse effects have been reported in 
Clinical experience with the drug: Body as a Whole: extremity 
pain, decreased exercise tolerance, weight loss; Cardiovascular: 
cardiac arrest, cardiac failure, cerebral vascular accident, wors- 
ening of angina pectoris, worsening of arterial insufficiency, 
Raynaud's phenomenon, palpitations, vasodilatation; Digestive: 
gastrointestinal pain, hepatomegaly, vomiting, diarrhea, dys- 
pepsia; Hematologic: nonthrombocytopenic purpura; Endo- 
crine: hyperglycemia, hypoglycemia; Skin: rash, skin irritation, 
increased pigmentation, sweating; Musculoskeletal: arthralgia; 
Nervous System: local weakness; Psychiatric: depression, 
nightmares, somnolence, insomnia, nervousness, diminished 
concentration, hallucinations; Respiratory: cough; Special 
Senses: visual disturbances, diplopia, ptosis, dry eyes: Uro- 
genital: impotence, urination difficulties. 

There have been reports of retroperitoneal fibrosis in patients 
receiving timolol maleate and in patients receiving other beta- 
adrenergic blocking agents. A causal relationship between this 
condition and therapy with beta-adrenergic blocking agents has 
not been established. 

Potential Adverse Effects: In addition, a variety of adverse 
effects not observed in clinical trials with BLOCADREN® (Timolol 
Maleate, MSD), but reported with other beta-adrenergic block- 
ing agents, should be considered potential adverse effects of 
BLOCADREN: Nervous System: reversible mental depression 
progressing to catatonia; an acute reversible syndrome charac- 
terized by disorientation for time and place, short-term memory 
loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics: Cardiovascu- 
lar: intensification of AV block (see CONTRAINDICATIONS); 
Digestive: mesenteric arterial thrombosis, ischemic colitis; 
Hematologic: agranulocytosis, thrombocytopenic purpura; 
Allergic: erythematous rash, fever combined with aching and 
sore throat, laryngospasm with respiratory distress; Miscellane- 
ous: reversible alopecia, Peyronie's disease. Multisystem syn- 
drome reported with practolol. 

Clinical Laboratory Test Findings: Slight increases in blood 
urea nitrogen, serum potassium, and serum uric acid, and slight 
decreases in hemoglobin and hematocrit occurred, but were not 
progressive or associated with clinical manifestations. 

684 (DC7117619) 


For more detailed information, consult your MSD 
Representative and the Prescribing Information. 
Merck Sharp & Dohme, Division of Merck & Co., INC., 
West Point, PA 19486. J5BL21 (619) ui dec Pr 
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347 Detection of Intracardiac Shunt Flow in Atrial Septal Defect Using a Real-Time Two-Dimensional 
- Color-Coded Doppler Flow Imaging System and Comparison with Contrast Two-Dimensional 
Y Echocardiography 
2 YUKISONO SUZUKI, HIROFUMI KAMBARA, KAZUNORI KADOTA, SHUNICHI TAMAKI, 


ARIO YAMAZATO, RYUJI NOHARA, GENTA OSAKADA, and CHUICHI KAWAI, With the technical 
assistance of SHIGERU KUBO and TAKANORI KARAGUCHI 


The noninvasive detection of shunt flow in atrial septal defect (ASD) was evaluated by a new real-time, color- 

T coded, Doppler flow imaging system (D-2DE) and results were compared with those of contrast 2-dimensional 
echocardiography (C-2DE). In 7 of 10 patients with ASD, D-2DE clearly visualized left-to-right shunt flow through 
the atrial septum. In comparison, C-2DE showed a negative contrast effect in the right atrium in 5 of these 7 pa- 
tients. The sensitivity and specificity for the detection of left-to-right shunt flow are 70% and 90% in D-2DE, and 
5096 and 10096 in C-2DE. Thus, D-2DE is useful for detecting left-to-right shunt flow in ASD. 


351 Acute Hemodynamic Effects of Nitroprusside in Children with Isolated Mitral Regurgitation 
HIROYUKI NAKANO, KEN UEDA, and AKIHIRO SAITO 


Acute hemodynamic responses to nitroprusside were evaluated using a multisensor catheter in 12 children with 
A mitral regurgitation (MR). Five received digoxin or diuretic drugs (group |) and 7 received no medication (group 
x Il). Nitroprusside reduced pulmonary capillary wedge pressure (5096 in group | and 56 % in group II) and system- 
E ic vascular resistance (4096 in both groups), whereas forward cardiac output increased markedly (48 % in group 
| and 58% in group Il) after administration of nitroprusside. This hemodynamic improvement, resulting from re- 
duction in both preload and afterload with concomitant increase in forward flow, was observed in all patients re- 
gardless of the severity of MR. Vasodilator therapy may be of benefit for selected infants and children with MR. 


356 Usefulness of Left Ventricular Volume in Assessing Tetralogy of Fallot for Total Correction 


YASUAKI NAITO, TSUYOSHI FUJITA, TOSHIKATSU YAGIHARA, FUMITAKA ISOBE, 
FUMIO YAMAMOTO, KAZUHIKO TANAKA, HISAO MANABE, OSAHIRO TAKAHASHI, and 
TETSURO KAMIYA 


Ninety-one patients with tetralogy of Fallot underwent intracardiac repair between 1978 and 1981. One patient 
died from left-sided heart failure. Retrospective analyses of this death revealed a significant decrease of the left 
ventricular end-diastolic volume index (LVEDVI) to 21 ml/m? (3696 of normal). Early postoperative hemodynam- 
ic study results after total correction of this anomaly suggested that an LVEDVI of 30 ml/m? is the minimal re- 
quirement for adequate cardiac output postoperatively. Based on these data, in 3 patients with decreased left 
ventricular volume with LVEDVI of about 30 ml/m^?, primary repair was attempted and was successful. It is rec- 
4 ommended that patients with tetralogy of Fallot who have an LVEDVI of 30 ml/m? or greater can be considered 
candidates for primary repair. 


360 Rest and Exercise Hemodynamics in Pulmonary Stenosis: Comparison of Children and Adults 
KIMBERLY A. KRABILL, YANG WANG, STANLEY EINZIG, and JAMES H. MOLLER 


To better understand the hemodynamics of pulmonary stenosis (PS), 24 adults and 53 children with similar de- 
grees of PS who had undergone cardiac catheterization during rest and supine exercise were retrospectively 
studied. Three groups were defined. Group | comprised 9 adults and 18 children with pulmonary valve area 0.5 
cm?/m*?, group Il, 6 adults and 25 children with pulmonary valve area of 0.5 to 1.0 cm?/m?, and group III, 9 adults 
and 10 children with pulmonary valve area = 1.0 cm?/m?. With exercise, adults and children in groups II and III 
had an appropriate response. The group | children responded abnormally to exercise by increasing right ventric- 
ular end-diastolic pressure and decreasing stroke index. In contrast, group | adults increased both right ventricu- 
lar end-diastolic pressure and stroke index with exercise. Group | adults had a significantly lower cardiac index 
at rest and during exercise, secondary to a significantly lower absolute cardiac rate. Long-standing severe PS 
results in hemodynamic compromise. Hence, early relief of PS is recommended. 


METHODS 


4 . 366 Importance of Imaging Plane for Magnetic Resonance Imaging of the Normal Left Ventricle 
E. WILLIAM AKINS, JAMES A. HILL, JEFFREY R. FITZSIMMONS, CARL J. PEPINE, and 
CLYDE M. WILLIAMS 
An analysis of magnetic resonance images of the heart was performed using multiple imaging planes. Planes 
of section based on the left ventricular (LV) long axis were superior to standard orthogonal planes in depicting 
Continued on page A46 





LI n 
: ; MAC * 
eres e 7 : 
` eh A PO 
fuk ke T^ 1 
M 

























ym * 1 E TEN 7 Ev, ` » 
$^ xx iut 4 LO m os $ i i n 
hy hl | pes 
« ^ iw 3 à s D X n " . 
Y at r fo ` ] AX ! ^» 
d E. mni FalauMEL Sono x 35 
Dow v. J AV F rf . "4 
. E aid 


Mich, e 
z "peo Set $ 
g HT f ac. 


Sei COMPE ^ T Ne «a0 ga a As ha. SAT ee 
degraded depiction of certain segments when 


using these modified 
planes. Choice of planes that best depict the LV myocardium may allow more accurate functional data and ho- 
mogeneous tissue signal to be obtained using magnetic resonance imaging. 


tF 


LV segmental anatomy. Section obliquity 


EXPERIMENTAL STUDIES 


Anatomic and Hemodynamic Effects of Catheter-Delivered Ablation Energies in the Ventricle 


FRANCIS C. KEMPF, Jr., RITA A. FALCONE, RENATO V. IOZZO, and MARK E. JOSEPHSON 


Twenty dogs were studied to characterize the anatomic, hemodynamic and pathologic effects of catheter-deliv- 
ered cardioversion (CDCV). Lower energy doses resulted in focal subendomyocardial injury. Higher energy 
levels resulted in localized transmural injury. There was a linear dose-related correlation between the volume 
of injury and delivered energy. Electrocardiographic changes were seen immediately in all dogs. Minimal hemo- 
dynamic changes were associated with the CDCV. Thus, local tissue destruction can be produced by CDCV. The 
extent of injury is dose-related and is associated with minimal hemodynamic changes. The lesion may be acutely 
arrhythmogenic. 


AJC 25 YEARS AGO 


The AJC in August 1960 


WILLIAM C. ROBERTS 


FROM THE EDITOR 


WILLIAM C. ROBERTS 


CME Test on page 276 
INSTRUCTIONS TO AUTHORS on page A52 


CORRECTIONS 


In the April 26, 1985 symposium supplement on page 163D, a sentence in the third paragraph 
under the section ''Beta Blockers and Exercise” is incorrect. The sentence should read: "The 
drugs studied were propanolol and sotalol as examples of drugs without cardioselectivity or 
partial agonist activity; . . . oxprenolol as a drug with partial agonist activity . . ." 

Dr. Kelly's address for reprints is: John G. Kelly, PhD, Institute of Biopharmaceutics, Monksland, 
Athlone, Ireland. 


In the April 26, 1985 symposium supplement on page 24D, Table VI incorrectly lists certain 
values. The correct values are: 


Control Exercise 


Body fat f | 


Diastolic blood pressure S i 
f 


Plasma triglycerides 


| 


In the May 1, 1985 issue on page 1316, the third line in the first column of Table IV should 
read Killip class III or IV, not >III or IV. 
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ORMODYN 
Tablets (labetalol HCI) 


Beyond beta blockers-also acts as a 
' vasodilator to lower blood pressure. 


Beyond vasodilators- acts as a beta 
blocker to blunt excessive cardiac 
response to exercise in hypertensives. 
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ables = $= The presence of a metabolite of labetalol in the urine may res 

MTSE UE S S Mon E falsely increased levels of urinary catecholamines when mea: ed by 
A INDICATIONS AND USAGE ted of having a pheochromocytoma and be treated with labetalol 
-< NORMODYNE (labetalol HCI) Tablets are indicated in the man- TC, specific radioenzymatic or high nee 

|... agement of hypertension. NORMODYNE Tablets may be used alone or phy assay techniques should be used to determine levels of catechol- 

< in combination with other antihypertensive agents, especially thiazide amines or their metabolites. 


.... and loop diuretics. 
Ta a t A 


— —CONTRAINDICATIONS 

~~~. NORMODYNE (labetalol HCl) Tablets are contraindicated in bron- 
chial asthma, overt cardiac failure, greater than first degree heart block, 
pend ogenic shock, and severe bradycardia (see WARNINGS). 


i} AP VARNINGS 
— .. Cardiac Failure Sympathetic stimulation is a vital component sup- 
- porting circulatory function in congestive heart failure. Beta blockade 
— — carries a potential hazard of further depressing myocardial contractility 
and precipitating more severe failure. Although beta-blockers should be 
- avoided in overt congestive heart failure, if necessary, labetalol HCl can 
be with caution in patients with a history of heart failure who are 
___ well-compensated. Congestive heart failure has been observed in 
|. patients receiving labetalol HCI. Labetalol HCI does not abolish the 
inotropic action of digitalis on heart muscle. 
Ín Patients Without a History of Cardiac Failure In patients with latent 
ca diac insufficiency, continued depression of the myocardium with 
- beta-blocking agents over a period of time can, in some cases, lead to 
... cardiac failure. At the first sign or symptom of impending cardiac fail- 
_ ure, patients should be fully digitalized and/or be given a diuretic, and 
. the response observed closely. If cardiac failure continues, Ws ade- 
be oq ate digitalization and diuretic, NORMODYNE (labetalol HCI) 
-— therapy should be withdrawn (gradually if possible). 
= Exacerbation of Ischemic Heart Disease ing Abrupt Withdrawal 
~ Angina pectoris has not been reported upon labetalol HCI discontinua- 
- . tion. However, hypersensitivity to catkchitimanes has been observed in 
patients withdrawn from beta-blocker therapy; exacerbation of angina 
. and, in some cases, myocardial infarction have occurred after abrupt dis- 
. continuation of such therapy. When discontinuing chronically adminis- 
tered NORMODYNE (labetalol HCI), particularly in patients with 
20 as emic heart disease, the dosage should be gradually reduced over a 
A Sri 


t 
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dar 


od of one to two weeks and the patient should be carefully moni- 
ed. If angina markedly worsens or acute coronary insufficiency devel- 
ps, NORMODYNE (labetalol HCl) administration should be 
— reinstituted promptly, at least temporarily, and other measures appropri- 
_ ate for the management of unstable angina should be taken. Patients 
— should be warned against interruption or discontinuation of therapy 
without the physician's advice. Because coronary artery disease is com- 
. mon and may be unrecognized, it may be prudent not to discontinue 
~ NORMODYNE (labetalol HCl) therapy abruptly even in patients 
ed only for hypertension. 
allergic Bronchospasm (e.g., chronic bronchitis and emphy- 
.. sema) Patients with bronchospastic disease should, in eral, not 
. receive beta-blockers. NORMODYNE may be used wit caution, how- 
.— ever, in patients who do not respond to, or cannot tolerate, other 
. antihypertensive agents. It is prudent, if NORMODYNE is used, to use 
- the smallest effective dose, so that inhibition of endogenous or exoge- 
nous beta-agonists is minimized. 
, Fheochromocytoma Labetalol HCI has been shown to be effective in 
_ lowering the blood pressure and relieving symptoms in patients with 
- pheochrom ocytoma. However, erus hypertensive responses have 
L been reported in a few patients with this tumor; therefore, use caution 
«o 7 When administering labetalol HCI to patients with pheochromocytoma. 
—.. Diabetes Mellitus and Hypoglycemia Beta-adrenergic blockade may 
|. prevent the appearance of premonitory signs and symptoms (e. g., tachy- 
- cardi i) of acute hypoglycemia. This is especially important with labile 
— — diabetics. Beta-blockade also reduces the release of insulin in response to 
rglycemia; it may therefore be necessary to adjust the dose of anti- 


m 


; lajor Surgery The necessity or desirability of withdrawing beta- 

AE g therapy prior to major surgery is controversial. Protracted 

.se vere hypotension and difficulty in restarting or maintaining a heart 

- beat have been reported with beta-blockers. The effect of labetalol 
-— HCI' alpha-adrenergic activity has not been evaluated in this setting. 
—... A synergism between labetalol HCI and halothane anesthesia has 
_ been shown (see Drug Interactions). 
4 


ECAUTIONS 
General Impaired Hepatic Function NORMODYNE (labetalol HCl) 
s should be used with caution in patients with impaired hepatic 

tion since metabolism of the drug may be diminished. 
ice or Hepatic Dysfunction On rare occasions, labetalol HCI 
been associated with jaundice (both hepatic and cholestatic). It is 
refore recommended that treatment with labetalol HCI be stopped 
diately should a patient develop jaundice or laboratory evidence of 
injury. Both have been shown to be reversible on stopping therapy. 
formation for Patients 
with all drugs with beta-blocking activity, certain advice to 
its being treated with labetalol HCl is warranted. This information 
nded to aid in the safe and effective use of this medication. It is 
disclosure of all possible adverse or intended effects. While no 
nt of the abrupt withdrawal phenomenon (exacerbation of 
pectoris) has been reported with labetalol HCI, dosing with 
ODYNE Tablets should not be interrupted or discontinued with- 

ician's advice. Patients being treated with NORMODYNE 

T consult a physician at any sign of impending cardiac 

Also, transient scalp tingling may occur, usually when treat- 
; PR oe Tablets is initiated (see ADVERSE 


boratory Tests 
with any new drug given over prolonged periods, laboratory 
eters should be observed over regular intervals. In patients with 
nitant illnesses, such as impaired renal function, appropriate tests 
should be done to monitor these conditions. 
Drug Interactions 
: Be In one survey, 2.3% of patients taking labetalol HCl in combination 
with ricyclic antidepressants e tmi, tremor as compared to 0.7% 
reported to occur with labetalol HCI alone. The contribution of each of 
tl atments to this adverse reaction is unknown but the possibility of 
Ei bors Pochi d blunt the bronchodil 
BS possessing beta-blocking properties can blunt the bronchodila- 
ct of beta-receptor agonist drugs in patients with bronchospasm; 
» doses greater than the normal anti-asthmatic dose of beta- 
Eic hodilator drugs may be required. 
netidine has been shown to increase the bioavailability of labeta- 
- Since this could be explained either by enhanced absorption or 
teration of hepatic metabolism of labetalol HCl, special care 
be used in establishing the dose required for blood pressure con- 
n such patients. 
ynergism has been shown between halothane anesthesia and 
venously administered labetalol HCI. During controlled hypoten- 
nesthesia using labetalol HCI in association with halothane, high 
trations (3% or above) of halothane should not be used because 
of hypotension will be increased and because of the pessibiliey 
DRIN UE time Indiae i aci ME 
d ologist i when a patient is - 
ceiving labetalol HCl, Ses ee 
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Carcinogenesis, Mutagenesis, Impairment of Fertil 


Long-term oral dosing studies with labetalol HCI for 18 months in 
ears in rats showed no evidence of carcinogenesis. 


mice and for 2 


Studies with labetalol HCI, using dominant lethal assays in rats and 


mice, and exposing microorganisms according to modified Ames tests, 


ed no evidence of mutagenesis. 


Mis rer es C 
eratogenic studies have been performed with labetalol in rats and 
rabbits at oral doses up to approxima 
recommended human dose (MRHD), 
dence of fetal malformations was observed. | 
species at doses a 
uate and well-controlled stu 
used duri 


were seen in both 
no ad 
should 


potential risk to the fetus. 
Nonteratogenic Effects 


oe ia of mothers wo epe 
tension during pregnancy did not a 

drug: Oral adtinlsrration of labin te 
through weaning at doses of 2 to 4 times the MRH 
in neonatal survival 


and Delivery 
Labetalol HCI given to pregnant women wit 


appear to affect the usual course of labor and delivery. 


t 


N un Mothers 

Small amounts of labetalol (approximately 0.00496 of the maternal 
Ik. Caution should be exercised when 
inistered to a nursing woman. 


dose) are excreted 


Pediatric Use 


in human mi 
NORMODYNE Tablets are adm 


tely 6 and 4 times the maximum 

tively. No reproducible evi- 

ncreased fetal resorpt 
ximating the MRHD. 

ies in pregnant women. Labetalol 

ng pregnancy only if the potential benefit justifies the 


treated with labetalol HCI for hyper- 

to be adversely affected by the 

rats ae gestation 
caused a decrease 


h hypertension did not 


Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 


Most adverse effects are mild, transient and occur early in the course 
of treatment. In controlled clinical trials of 3 to 4 months duration, dis- 
continuation of NORMODYNE (labetalol HCl) Tablets due to one or 
adverse effects was required in 7% of all patients. In these same 
trials, beta-blocker control agents led to discontinuation in 8 to 10% of 


more 


patients, and a centrally acting alpha-agonist in 30% of patients. 


incidence rates of adverse reactions listed in the 

were derived from multicenter controlled clinical trials, 

talol HCI, placebo, power and mom 
re o 


of 3 and 4 months. Whe 
HCI and placebo is similar, causal relationship is uncertain. The rates 


are based on adverse reactions considered probably drug-related by the 
investigator. If all reports are considered, the rates are somewhat higher 
(e.g., ? o die 20%, nausea 14%, fatigue 1196), but the overall conclu- 
sions are unchanged. 
Labetalol HCl Placebo olol —Metoprolo 
(N=227) (N-98 (N=84)  (N=49) 
% % % % 
Body as a whole 
fatigue 5 0 12 12 
asthenia 1 1 l 0 
headache 2 l i 2 
Gastrointestinal 
nausea 6 l 1 2 
Ansak. < 1 ? : R 
psia 
abakal pain 0 0 1 2 
diarrhea «I 0 2 0 
taste distortion l 0 0 0 
Central and Peripheral Nervous Systems 
izziness 11 3 4 4 
paresthesias «I 0 0 0 
drowsiness «I 2 2 2 
Autonomic Nervous System 
nasal stuffiness 3 0 0 0 
ejaculation failure 2 0 0 0 
impotence 1 0 l 3 
increased sweating <1 0 0 0 
Cardiovascular 
MA Na qe MEE 
tural hypotension I 
Servii 0 0 5 12 
Respiratory 
dyspnea 2 0 l 2 
Skin 
rash 1 0 0 0 
Special Senses 
vision abnormality l 0 0 0 
vertigo 2 1 0 0 
The adverse effects were reported spontaneously and are represen- 
tative of the incidence of adverse effects that may be observed in a 
properly selected hypertensive patient population, i.e., a group exclud- 


ing patients with bronchospastic disease, overt 


oro 


contraindications to beta-blocker 
Clinical trials also included studies utilizi 


erapy. 
ng daily doses up to 


400 mg in more severely hypertensive patients. Certain of t 


effects increased with incr 


that are clearly or possibly dose related. 


Patients 


Pa ias 
Nasal Stuffiness 
inenistion Failure 
mpotence 
Edema 
Fon ome 
y 
C ae g 
Patients 
Dizziness (%) 
Fatigue 
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following table 

comparing labe- 
ol, over treatment periods 
adverse effects for labetalol 


congestive heart failure, 


side 
easing dose as shown in the table below which 
icts the entire U.S. therapeutic trials data base for adverse reactions 
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In addition, a number of other less common adverse events have 
een reported in clinical trials or the literature: 
T ? Postural hypotension, including rarely, syncope. 
Central and Peripheral Nervous Systems Paresthesias, most frequently 
described as scalp tingling. In most cases, it was mild, transient and - 
usually occurred at the beginning of treatment. 
C i Systemic lupus erythematosus; positive antinu- 
clear factor (ANF). 


Eyes Dry eyes. 
mm ical System Antimitochondrial antibodies. 
Liver and Biliary System Cholestasis with or without jaundice. 

Musculo-Skeletal dur Muscle cramps; toxic myopathy. 

Respiratory System Bronchospasm. 

Skin and Appendages Rashes of various types, such as generalized. —— 
maculo-papular; lichenoid; urticarial; bullous lichen planus; psoriaform; 
facial erythema; Peyronie's disease; reversible alopecia. 

Urinary System Difficulty in micturition, including acu@ urinary 
bladder retention. 

Following approval for marketing in the United Kingdom, a 
monitored release survey involvin approximately 6,800 patients was 
conducted for further safety and o eias evaluation of this product. 
Results of this survey indicate that the type, severity, and incidence of 
adverse effects were comparable to those cited above. 

Potential Adverse Effects 

In addition, other adverse effects not listed above have been 
reported with other beta-adrenergic blocking agents. 

Central Nervous System Reversible mental 7 aak progressing to 
catatonia; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional ability, slightly 
clouded sensorium, and pe on neuropsychometrics. 

Cardiovascular Intensification of AV block. See 
CONTRAINDICATIONS. 

Allergic Fever combined with aching and sore throat; laryngospasm; 
respiratory distress. 

H ic Agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. 

Gastrointestinal Mesenteric artery thrombosis; ischemic colitis. 

The oculomucocutaneous syndrome associated with the beta-blocker 
practolol has not been reported with labetalol HCI. 

Clinical laboratory tests: There have been reversible increases of Í 
serum transaminases in 4% of patients treated with labetalol HCI and 
tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE ? 
Overdosage with NORMODYNE (labetalol HCI) Tablets causes 
excessive hypotension which is posture sensitive, and sometimes, exces- 

sive bradycardia. Patients should be laid supine and their legs raised if 
necessary to improve the blood supply to the brain. The fol owing addi- 
tional measures should be x iners if necessary: Excessive br ia — 
administer atropine (3.0 mg). If there is no to vagal blockade, 
administer isoproterenol cautiously. Catilac fale — administer a digi- 
talis glycoside and a diuretic. Hypotension — administer vasopressors, 
e.g., norepinephrine. There is pharmacological evidence that norepine- 
phrine may be the drug of choice. B — administer a beta- 
stimulating agent and/or a theophylline preparation. 
tric lavage or pionecdckicalle induced emesis (using syrup of — 

ipecac) is useful for removal of the drug shortly after ingestion. Labetalol 
HCl can be re from the general circulation by hemodialysis. 

The oral LDso value of labetalol HCI in the mouse is approximately 
600 mg/kg and in the rat is greater than 2 gm/kg. The intravenous LD50 
in these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION 

DOSAGE MUST BE INDIVIDUALIZED. The recommended ini- 
tial dose is 100 mg twice daily whether used alone or added to a diuretic 
regimen. After 2 or 3 days, using standing blood pressure as an indicator, 
dosage may be titrated in increments of "160 mg bid every 2 or 3 days. 
The usual mai dosage of labetalol HCl is between 200 and 


mg ily. 
Since TS full mA Lario effect of labetalol HCI is usually seen 
within the first one to t hours of the initial dose or dose increment, 
the assurance of a lack of an exaggerated h nsive response can be 
clinically established in the office setting. The antihypertensive effects 
of continued dosing can be measured at subsequent visits, approximately 
12 hours after a dose, to determine whether further titration is necessary. 
Patients with severe hypertension may require from 1200 mg to 
2400 mg per day, with or without thiazide diuretics. Should side effects 
(pencipa ly nausea or dizziness) occur with these doses administered bid, 
e same total daily dose administered tid may improve tolerability and 
facilitate further titration. Titration increments Soli not exc 


200 mg bid. 

When a diuretic is added, an additive antih ensive effect can be 
expected. In some cases this may necessitate a labetalol HC] dosage 
adjustment. As with most SAT tae drugs, optimal dosages of 
SEORMODTNE Tablets are usually lower in patients also receiving a 

uretic. 

When transferring patients from other antihypertensive drugs, 
NORMODYNE Tablets should be introduced as recommended and the 
dosage of the existing therapy progressively decreased. 


HOW SUPPLIED 

NORMODYNE (labetalol HCl) Tablets, 100 mg, light-brown, 
round, scored, film-coated tablets engraved on one side with Schering 
and product identification numbers 244, and on the other side the num- 
ber 100 for the strength and “NORMODYNE"; bottles of 100 (NDC- 
0085-0244-04), 500 (NDC-0085-0244-05), and box of 100 for unit-dose 
dispensing (NDC-0085-0244-08). 

NORMODYNE (labetalol HCI) Tablets, u , white, round, 
scored, film-coated tablets engraved on one si i Schering and 
fot identification numbers 752, and on the other side the number 

00 for the h and "NORMODYNEN"'; bottles of 100 (NDC- 
0085-0752-04), 500 (NDC-0085-0752-05), box of 100 for unit-dose 
SER (NDC-0085-0752-08), and Patient Calendar Package of 
56 (4 bottles of 14 tablets) (NDC-0085-0752-03), 

NORMODYNE (labetalol HCI) Tablets, 300 mg, blue, round, film- 
coated tablets engraved on one side with Schering and product identi- 
fication numbers 438, and on the other side the number 300 for the 
strength and “NORMODYNE"; bottles of 100 (N DC-0085-0438-03), 
500 (NDC-0085-0438-05), box of 100 for unit-dose dispensing (NDC- 
0085-0438-06), and Patient Calendar Package of 56 (4 bottles of 14 
tablets) (NDC-0085-0438-02). 

NORMODYNE (labetalol HCl) Tablets should be stored between 
2* and 30°C (36° and 86°F). 

NORMODYNE (labetalol HCI) Tablets in the unit-dose boxes 
should be protected from excessive moisture. 


Schering ee 
Kenilworth, NJ 07033 
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About the book 


Derived from a symposium sponsored by the Infectious 
Disease Service, Department of Medicine and the 
Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
on the diagnosis, treatment, and prevention of various 
bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 

This is not just another “proceedings” volume. Rather 
it is an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 


The result is a concise, dynamic study that belongs in 
the professional library of every physician treating 
patients with neoplastic disease. 


About the Editors 


Arthur E. Brown, MD, is Assistant Attending Physician, 


Memorial Sloan-Kettering Cancer Center, and Assistant 
Professor of Medicine and Pediatrics, Cornell University 
Medical College. 

Donald Armstrong, MD, is Attending Physician; Chief 
of Service; Director, Microbiology Laboratory, Memorial 
Sloan-Kettering Cancer Center, and Professor of 
Medicine, Cornell University Medical College 
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Ultramark. Echocardiograph 


it's ied for applications we 
thought of. 


Whatever the future holds 
for echocardiography, 
Ultramark has already 
moved ahead to meet it. 5o 
advanced that it performs 
with unmatched versatility 
and ease of use today. So 
advanced, it will support the 
technologies of tomorrow. 
Two completely new 
systems—combining proven 
ATL expertise in echocardi- 
ography with unparalleled 
computer power—trevolu- 
tionize echocardiography as 
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Value of Programmed Stimulation and Exercise Testing 
in Predicting One-Year Mortality After Acute 
Myocardial Infarction 


A. ROBERT DENNISS, FRACP, HEDY BAAIJENS, DAVID V. CODY, FRACP, 
DAVID A. RICHARDS, MD, PAUL A. RUSSELL, FRACP, 
| ALLAN A. YOUNG, FRACP, FRCP, DAVID L. ROSS, FRACP, 
and JOHN B. UTHER, MD 


The ability of programmed ventricular stimulatlon 
and exercise testing to predict 1-year mortality after 
acute myocardial infarction (AMI) was investigated 
In 228 clinically well survivors of AMI. Patients with 
inducible ventricular tachycardia (VT) or ventricular 
fibrillation (VF) had a higher mortality rate than 
those without inducible arrhythmias (26% vs 6%, 
p <0.001). Exercise-induced ST-segment change 
of 2. mm or more was associated with a higher 
mortality rate than ST change of less than 2 mm 
(1196 vs 496, 0.05 < p <0.10). Of patients who had 


Predictors of a high mortality rate in survivors of acute 
myocardial infarction (AMI) include ST-segment 
changes during exercise testing,l-? complex or frequent 
Ms ular premature complexes on ambulatory mon- 
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both tests, 6296 had no inducible ventricular 
tachycardla or ventricular fibrillation and ST change 
of less than 2 mm, and only 1% died during the first 
year. Thus, in clinically well survivors of AMI, pro- 
grammed stimulatlon is a powerful predictor of 
first-year mortally; programmed stimulation and 
exercise testing together predict virtually ali deaths 
within the first year, and they can Identify a large 
group of patlents with a very low mortality rate. 


(Am J Cardiol 1985;56:213-220) 


itoring,8-1! left ventricular dysfunction,!!~!6 severity of 
coronary artery disease,!?-17 and inducible ventricular 
tachvarrhythmias at electrophysiologic study.191? For 
such predictors to be clinically useful they must not only 
discriminate patients at high and low risk of dying, but 
must also identify the mechanism of any increased risk 
so as to suggest appropriate treatment. Three likely but 
unrelated mechanisms for late death in apparently well 
survivors of AMI are: (1) further infarction or ische- 
mia-related event occurring as a result of the coronary 
disease already present at the time of the initial AMI; 
(2) further infarction or ischemia-related event as the 


l , 4M PREDICTION OF POSTINFARCTION MORTALITY aen 


coronary disease progresses; and (3) ventricular 
tachyarrhythmias resulting from scarring at the time 


of the initial AMT, these arrhythmias are usually in- 


ducible by programmed ventricular stimulation and do 
not appear to be related to further acute ischemia.?0-24 
The relative importance of each of these mechanisms 
in the overall late mortality after AMI is unknown. 
Exercise testing and programmed stimulation provoke 
ischemia and reentrant arrhythmias, respectively, in the 
asymptomatic but predisposed person and may indicate 
a predisposition to mechanisnis 1 or 3. This study 


therefore examines the value of programmed stimula- 


tion and exercise testing performed early after AMIi in 
predicting 1-year mortality. 


Methods 


Patients and study design: All patients admitted to the ` 
' coronary care unit of Westmead Hospital with AMI between 


March 1980 and June 1981 were registered. Criteria for di- 


' agnosis of AMI were any 2 of the following 3 conditions: typical 
‘chest pain, evolution of new electrocardiographic (ECG) 


changes-and elevation of cardiac enzyme levels. At the end of 
1 week of hospitalization, survivors were reviewed, and some 
were excluded from the study. Reasons for exclusion were: (1) 
age older than 75 years; (2) early recurrence of angina pectoris 
requiring treatment with 8 blocking drugs or coronary artery 
bypass grafting; (3) spontaneously occurring ventricular 
tachycardia (VT) or ventricular fibrillation (VF) more than 


‘48 hours after AMI; VT or VF within the first 48 hours was 


considered to be related to the acute ischemic or AMI process 
and was not a reason for exclusion; (4) clinical heart failure 
not controlled by digoxin and furosemide, 40 mg/day; (5) 
significant noncardiac disease; and (6) remote residence 
precluding regular outpatient attendance. 

The remaining patients thus comprised clinically well 


X survivors of AMI who lived near the hospital. The intention 


was to study all of these patients by both programmed stim- 
ulation and exercise testing. However, the patients gave 


. written informed consent separately for each test, and some 


patients refused one or another investigation. All patients 
were followed until death or for 1 year, whichever was 
gooner. l 

. Mortality categorization: Mortality was categorized ac- 
cording to criteria determined at the outset of the study. 
Deaths were attributed to reinfarction or fresh ischemia if they 
were associated with chest pain and either ECG evidence of 
ischemia or AMI or postmortem evidence of AMI or fresh 
antemortem thrombus. Ventricular tachyarrhythmias were 
presumed to be the cause of death if VT or VF was docu- 
mented, and had not been associated with antecedent chest 
pain or ischemic ECG changes, or if the patient died suddenly 


. and had been well and free from chest pain immediately be- 


fore death. It was appreciated that myocardial rupture and 


` pulmonary embolism could also cause instantaneous death, 
and if possible postmortem examination was performed to 


exclude these conditions. 

Programmed stimulation: Patients underwent right 
ventricular programmed stimulation at electrophysiologic 
study 1 to 4 weeks after infarction. Our protocol has been 


. described in detail previously." A basic cycle length as close 


as possible to 600 ms was used. Single and then double ex- 


trastimuli were introduced, beginning at 300 ms and using 


10-ms decrements. Pacing was performed at 2 right ventric- 
ular sites (apex and outflow tract), first at twice diastolic 


. threshold current intensity and then at 20 mA. Stimuli were 


rectangular pulses 2-ms in duration from a Medtronic 5325 
programmable stimulator; there was a 3-second delay between 
each drive chain. | 

Patients were considered to have inducible arrhythmias if 
VF or VF lasting more than 10 seconds occurred at pro- 
grammed stimulation.” All episodes of inducible VT or VF 
were converted promptly to sinus rhythm by pacing or di- 
rect-current cardioversion. 

Exercise testing: Treadmill exercise tests were performed 
at 2 and 8 weeks after AMI. A modified Naughton protocol” 


as described by Sami et al? was used. The tests were symptom- 


or sign- -limited. Indications for termination of exercise avere 
angina, dyspnea, fatigue, presyncope, sustained VT, high- 


grade atrioventricular block or ST-segment change (depres- 
gion or elevation) of at least 4 mm. 


Patients were categorized into 2 groups: those with 2 mm 
or more of ST-segment change (horizontal depression or ele- 
vation) and those with less than 2 mm of ST-segment change 
(including those with no ST change). 

Coronary angiography: Coronary angiography was not 
performed routinely. Nevertheless, it was performed in 5096 
of patients. 'The main indications were recurrence of angina, 
a policy of some of the attending physicians of routine angi- 
ography in patients younger than 55 years, and as part of other 
research protocols. These patients were thus a nonrandomly 
selected subset. 

Significant coronary artery disease was defined as more 
than 5096 reduction in luminal diameter of the left main cor- 
onary artery or more than 7596 reduction in luminal diameter 
in any other major coronary artery. Left ventricular ejection 
fractions were calculated from right anterior oblique left 
ventriculograms. 

Drug therapy during follow-up: Patients with inducible 
arrhythmias were not placed on antiarrhythmic medications 
unless spontaneous V'T or VF or frequent symptomatic ven- 


. tricular premature complexes developed. Patients were not 


placed on B-blocking drug therapy routinely or if they had 
S'T-segment change alone on exercise testing. Beta-block- 
ing drugs were used for hypertension or limiting angina 
pectoris. 

Statistical analysis: Univariate analysis utilized Yates’ 
corrected chi-square test and Fisher’s exact test for discrete 
variables and the 2-tailed t test for continuous variables. The 
odds ratio,79 which is closely related to relative risk, was used 
to indicate the strength of association between mortality. and 
inducible arrhythmias or ST change. 


Results 


Of 375 patients, aged 26 to 88 years, admitted to the 
coronary care unit; 36 died within 1 week of AMI, 
leaving 339 survivors (Fig. 1). Of these, 111 were ex- 
cluded because of age, angina, late VT or VF, uncon- 
trolled heart failure or significant noncardiac disease, 
leaving 228 clinically well survivors in the study group. 


‘Twenty-two of the 228 study patients died, yielding a 


1-year mortality rate of 10%, which was less than that 
for the 111 patients who were excluded (22%) (p «0.02). 
(Fig. 1). 

All study patients gave informed consent to at least 
one of the proposed tests. The numbers and mortality 
rate of patients who underwent each test are shown in 


Figure 1; 175 (77%) had programmed stimulation, 191 


(8496) exercise testing and 138 (6196) had both. 
Programmed stimulation: The mortality rate of the 
175 patients who had programmed stimulation was 1096, 
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FIGURE 1. Mortality of the 111 patlents excluded from the study (22%) 


and the study patlents who underwent electrophyslologic study (E.P.S.) 
and exercise testing. The mortailty rate was 27% for the 37 patients 
who had EPS alone, 6% for the 138 patients who had EPS + exercise 
testing and 8% for the 53 patients who had exercise testing alone. The 
overal mortality for the study patients was 10%. 


siriilar to that of the subgroup who refused the test 
(8%). VT or VF was inducible in 38 patients (22%) and 
these patients had a mortality rate of 26%, much higher 
than that for patients with no inducible arrhythmia 
(6%) (p «0.001; odds ratio = 5.8) (Table I). 

The patient groups with and without inducible ar- 
rhythmias were similar with respect to clinical profiles 
and treatment during follow-up (Table II). 

The modes of death are categorized in Table III. Of 
the 10 deaths in patients with inducible VT or VF, 9 
(90%) were “primarily tachyarrhythmic,” and 1 was 
unwitnessed. Of the 8 deaths in patients with no in- 
ducible VT or VF, 6 were “ischemic,” 1 was “primarily 
bradyarrhythmic” and 1 was “noncardiac.” Patients in 
the group with inducible VT or VF thus had a signifi- 


cantly higher chance of death attributable to primary 
tachyarrhythmias (p = 0.0002). 

Exercise testing: The mortality rate of the 191 pa- 
tients who underwent exercise testing was 6%, less than 
that for those patients who did not exercise (27%; p 
<0.001). Three patients died before their scheduled 
exercise testing, 80 that the mortality of those who re- 
fused testing was 21%. 

Of the patients who underwent exercise testing, 61 
(82%) had ST-segment change of 2 mm or more, and in 
this group the mortality rate was 11%, not significantly 
different from the 4% mortality rate of patients with leas 
than 2 mm of ST change (0.05 < p <0.10; odd ratio = 
3.2) (Table I). 

The patient groups with 2 mm or more and less than 
2 mm of ST change were similar with respect to clinical 
profiles and treatment during follow-up (Table IV). Of 
the 7 deaths in the patients with 2 mm or more of ST 
change, 3 were "primarily tachyarrhythmic," 3 were 
“ischemic,” and 1 was noncardiac. Of the 5 deaths in 
patients with less than 2 mm of ST change, 2 were 
“primarily tachyarrhythmic,” 1 was “ischemic,” 1 was 
“primarily bradyarrhythmic” and 1 was unwitnessed. 


ventricular fibriltation; VT = ventricular tachycardla. 


| TABLE II Profiles of Patlents Undergoing Programmed Stimulation 
VT/VF No VT/VF 
inducible Inducible 
| (n = 38) (n = 137) p 
| Clinical profile 
Aga (yr) 5443-9 55 + 11 NS 
| Men 28 (7496) 110 (8096) NS 
| Anterior MI 13 (3496) 58 (4296) NS 
Previous MI 5 (1396) 14 (1096) NS 
| Treatment during follow-up 
Beta-blocking drugs 8 (21%) 40 (2996) NS 
| Coronary artery grafts 6 (1696) 21 (1596) NS 
Digoxin 6 (1696) 19 (14%) NS 
Ant Ic : 3 (896) 5 (496) NS 
Angiography (selected subset) (n = 22) (n = 65) 
No. of d 1.8 + 0.8 1.6 + 0.7 NS 
| LV aneurysm 6 (2796) 10 (1596 NS 
| EF 0.43 + 0.14 0.54 + 0.14 «0.01 
| EF « 0.40 10/21 (4896) peste”) <0.02 
| * Quinidine, mexiletine, disopyramide, phenytoin. 
Values are mean + standard deviation. 
EF = ejection fraction; LV = left ventricular; MI = myocardial Infarctlon; NS = not significant; VF = 
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TABLE IIl Deaths During Follow-Up 


VT or NoVT No No 


VF 
“Instantaneous” without prodromal pain 


Total 


or VF Study =2mm «2mm Exercise Deaths 


VT or VF documented 3 1 2 1 1 4 
No documentation 4 1 1 4 5 
Death after surgery for recurrent 2 1 1 2 
VT or VF 
Total “primarily tachyarrhythmic” 9 0 2 3 2 6 11 (5096) 
‘Instantaneous’ without prodromai pain; 1 1 1 
early documentation of asystole ; 
Total "primarily bradyarrhythmic”’ 0 1 0 0 1 0 1 (596) e 
Death with documented fresh 
myocardial infarction 
On ECQ 3 1 2 1 1 4 
At autopsy 1 1 1 
Death with prodromal ischemic pain 
Fresh ischemia on ECG 1 1 1 
Known left main coronary disease 1 1 1 
Total “Ischemia-related”’ 0 6 1 3 1 3 7 (3296) 
"Noncardiac"' 1 1 1 
“Unwitnessed”’ 1 1 1 2 
Total 10 8 4 7 5 10 22 
TABLE IV Profiles of Patlents Undergoing Exercise Testing 
ST Change ST Change 
22mm <2 mm 
(n = 61) (n = 130) p 
Clinical profile 
Age (yr) 57 t9 5449 NS 
Male 49 (80%) 107 (82%) NS 
Anterior MI 18 (3096) 56 (4396) NS 
Previous MI 9 (1596) 17 (1396) NS 
Treatment during follow-up 
Beta-blocklng drugs 15 (2596) 42 (3296) NS 
Coronary artery grafts 8 (1396 22 (1796) NS 
Digoxin 13 (2196) 20 (1596) NS 
Antiarrhythmic therapy* 2 (396) 8 (696) NS 
Anglography (Selected Subset) (n = 27) (n = 71) 
No. of diseased vessels 2.0 + 0.8 1.6 3: 0.7 «0.05 
LV aneurysm 5 (1996) 13 (1896) NS 
EF 0.46 + 0.16 0.53 + 0.15 0.05 
EF « 0.40 9/26 (3596) 13/70 (1996) NS 


* Quinidine, mexiletine, disopyramide, phenytoin. 


Values are mean + standard deviation. 


EF = ejection fractlon; LV = left ventricular; MI = myocardial Infarction; NS = not significant. 


The modes of death in these groups were thus mixed 
(Table III). 

Effect of promeatnined stimulation results on 
consent for exercise testing: Of the 175 patients who 
had programmed stimulation, 138 (79%) subsequently 
consented to exercise testing and 37 (21%) refused or 
died beforehand. VT or VF was inducible in 27 of the 
138 patients (20%) who exercised and in 11 of the 37 
(30%) who refused or died. This increased incidence of 
inducible arrhythmia among those who did not exercise 


= was not statistically significant. 


Programmed stimulation and exercise testing 
together: Of the 138 patients who had both tests, VT 
or VF was inducible in 27 (20%), and ST change of 2 mm 
or more was present in 37 (27%). There was a nonsig- 


: nificant trend for a higher incidence of inducible VT or 


VF in patients with 2 mm or more of ST change (Table 


V). Thus, of 37 patients with 2 mm or more of ST. 


change, 11 (80%) had VT or VF inducible, whereas of 
101 patients with less than 2 mm of ST change, only 16 
(16%) had VT inducible. 

Of the patients who underwent both tests, 85 (62%) 
had no inducible arrhythmia and less than 2 mm of ST 
change, and in this group there was only 1 death (mor- 
tality 1%). The mortality rate was much higher—13% 
(7 deaths in 53 patients) —if either or both inducible VT 
or VF or ST change of 2 mm or more were present (P 
<0.001), odds ratio 11.3). The proportion of patients 
receiving B blockers in the 2 groups during follow-up 
was not significantly different (25% vs 35%). 

Exercise testing in patients with inducible ven- 
tricular tachycardia or ventricular fibrillation: Of 
the patients who underwent both tests, 27 had VT or VF 
inducible. Eleven (41%) also had 2 mm or more of ST 
change and 2 patients in this subgroup died (mortality 
18%); both deaths were “primarily tachyarrhythmic." 


In the 16 patients with VT or VF inducible and less than 
2 mm of ST change, 1 “primarily tachyarrhythmic" 
death occurred (6%). The numbers of patients in these 
categories were small and the mortality rates were not 
significantly different. 

Exercise testing in patients with no ventricular 
tachycardia or ventricular fibrillation: Of the 138 
patients who had both tests, 111 had no VT or VF in- 
ducible. Of these patients, 26 (2390) had 2 mm or more 
of ST change and this subgroup had a mortality rate of 
1599 much higher than the mortality of those with less 
than 2 mm of ST change (1%) (p «0.02; odds ratio = 
12.8). Of the 4 deaths in those with 2 mm or more of ST 
change, 1 was noncardiac and 3 were "ischemic." The 
death in the group with less than 2 mm of ST change 
was "primarily bradyarrhythmic." 

, Coronary angiography: Of the 175 patients who 
had programmed stimulation, 87 (50%) underwent 
coronary angiography (Table II). Mean ejection fraction 
was lower in the group with inducible VT or VF than in 
the group with no inducible arrhythmias (p <0.01). 
Forty-eight percent of patients with inducible VT or VF 
had ejection fractions of less than 0.40, compared with 
only 1796 for patients with no inducible VT or VF (p 
<0.02) (Fig. 2). There was no difference in extent of 
coronary artery disease, as measured by the mean 
number of significantly diseased vessels. 

' Of the 191 patients who had exercise testing, 98 (51%) 
underwent coronary angiography (‘Table IV). Patients 
with 2 mm or more of ST change had a higher mean 
number of diseased vessels (p <0.05) and a lower ejec- 
tion fraction (p = 0.05) than those with less than 2 mm 
of ST change. 


Discussion 


Mortality during the study: The 1-year mortality 
rate of patients admitted to the coronary care unit was 
22%, with a mortality rate of 10% in the first week. This 
is similar to mortality rates found in other centers for 
nonselected patients admitted with the diagnosis of 
AMI?21-29 

This study was designed to examine mortality in a 
group where the risk was not clinically obvious, but 
where the individual risk may be significant. Thus, the 
exclusions comprised the clinically obvious complica- 
tions of heart failure requiring therapy, angina clearly 
needing treatment, late VT or VF needing prophylaxis, 
and old age and other infirmities. VT and VF within the 
first 48 hours of AMI were not reasons for exclusion, as 
these arrhythmias appear to be unrelated to late in- 
ducible VT or VF,» probably have a different cause and 
do not have. major long-term prognostic signifi- 
cance. 10,31,32 These exclusions accounted for 33% of the 
survivors at 1 week, a figure smaller than the proportion 
of exclusions in published randomized trials of pro- 
phylactic drug therapy.79/792224 The 1-year mortality 
rate among the patients who were excluded largely be- 
cause they were clinically unwell was 2296, twice that of 
the study group. 

The study group consisted of patients who appeared 
to be making a clinically satisfactory recovery from their 
AMI, and could be expected to return to a reasonably 


TABLE V Programmed Stimulation and Exercise Testing 


ST Change ST Change 
22 mm <2 mm 
VT/VF inducible (n = 27) 11 18 
No VT/VF Inducible (n = 111) 26 85 
Total (n — 138) 37 101 


2.50. 
Ge = ventricular fibrillation; VT = ventricular tachycardia. 


normal life. Nevertheless, 10% died within the year and 
most deaths were not preceded by symptoms that may 
have indicated appropriate preventive treatment at the 
time. This finding is in line with studies that have shown 
that more than half of all deaths in the first year after 
AMI are unexpected and are only infrequently associ- 
ated with clinical or postmortem evidence for fresh 
myocardial ischemia or infarction.23-98 

Limitations of the study design: The study objec- 
tive was to examine the clinically useful predictive ca- 
pacities of programmed stimulation and exercise testing 
early after AMI and to determine what unpredictable 
mortality remained. Had both tests been performed in 
all patients in the study group, a complete matrix of 
data would have been obtained, allowing quantification 
of the relative risks of death predictable from inducible 
tachyarrhythmias, death predictable from ST-segment 
change on exercise, and death predictable by neither 
test. The ethical requirement for informed consent 
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FIGURE 2. Distribution of left ventricular ejection fraction (EF) in patients 


with inducible ventricular ventricular la/ventricular 
fibrillation [VT/VF]) and in patients with no inducible arrhythmias (no 
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separately for each test prevented this intention from 
being realized. Informed consent was first obtained for 


programmed stimulation, and 77% of patients con- 


sented to have this potentially unpleasant invasive test. 
No selection bias appears to have been introduced by 


the consent process, as the patients who consented had 


a mortality rate similar to that of those who refused. 


‘Consent for exercise testing was obtained after pro- 


grammed stimulation, and this sequence introduced 
selection bias into the exercise group. First, patients 
with inducible VT or VF at programmed stimulation 
tended to refuse exercise testing, apparently because 


of fear of inducing a further arrhythmia. Second, all 


patients who refused programmed stimulation subse- 
quently consented to exercise testing. This high ac- 
ceptance rate may be the result of a natural inclination 


| : not to appear selfish and uncompromising after having 
refused to participate in the initial study. Selection bias . 


was clearly operating in the group that underwent ex- 
ercise testing, as the overall mortality rate was much less 
than that for the group who refused exercise. Because 


` of it, the best means of analysis was to examine each test 


in the sequence performed, excluding patients shown 
to be at risk in the first test from analysis in the second 
test. However, using this method of analysis, direct 
comparison of the discriminatory power of the 2 tests 
was not possible. 

The patients or their physicians could not be blinded 
to the results of programmed stimulation, but all phy- 
sicians agreed not to modify therapy according to the 
result. Some patients were treated with antiarrhythmic 
or -blocking drugs for peripheral indications such as 
symptomatic ventricular premature complexes or hy- 
pertension, and some patients had angina that required 
drug treatment or surgery during follow-up. Because the 
objective of the study was to determine the predictive 
capacity of the 2 tests for death, patients were not 
withdrawn from the study 1f these treatments were re- 
quired. The analysis was performed on the basis of in- 
tention, as in clinical trials of prophylactic drug 
therapy. 

Programmed stimulation and exercise testing as 


predictors of mortality: Richards et al!? and Hamer 


et ali? pointed out that the inducibility of a sustained 
ventricular tachyarrhythmia by programmed stimula- 
tion after AMI identifies a group of patients with the 
electrophysiologic substrate for dying suddenly or 
having sustained reentrant tachyarrhythmias. These 
patients could not be discriminated by clinical indexes 
at the time of AMI, and patients with VT or VF induc- 
ible were not treated differently from those with no VT 
or VF inducible.!? 

Several workers! 8 have also found that ST-segment 
change at exercise testing in the convalescent phase 
after AMI can predict mortality. In the present study 
a statistically significant result could not be found for 


exercise testing initially, although the observed trend 


was in line with the other studies. This may have been 
a result of the selection bias in the patients who exer- 
cised. When the patients with inducible VT or VF were 


' -removed from consideration, exercise testing became 


a clearly significant discriminator for later mortality. 


Once again, patients with and without ST change did 
not differ in clinical profiles or in treatment during 
follow-up. 

The occurrence of inducible VT or VF did not coin- 
cide significantly with the occurrence of 2 mm or more 
of ST change with exercise, and ST change was a sig- 
nificant predictor of mortality in patients known to have 
no VT or VF inducible. These findings indicate that the 
2 tests are independent discriminators of mortality. The 
question of whether any remaining mortality unpre- 
dictable by either test occurred can only be addressed 
in the group of patients who underwent both tests. Pa- 
tients with no inducible VT or VF and less than 2 mm 
of ST-segment change constituted 62% of the study 
group, and had a mortality rate of 1%. The death rate 
unpredictable by these 2 investigations is thus very low 
in patients who consent to be tested. The high mortality 
rate in those patients who refused exercise testing raises 
the question of whether these tests together would 


` continue to have the same predictive capacity when 


applied in the normal clinical situation. In the present 
study the higher mortality rate in those who refused 
exercise testing cannot be entirely explained by the 
higher incidence of patients with inducible VT or VF. 
It is likely that the same patients were sensing that they 
could not cope with exercise well, but were not com- 
plaining of angina pectoris and hence were not excluded 
from the study group initially. Some modification of the 
method of presentation or endpoints of exercise testing 
may be required to obtain an optimal result in normal 
clinical practice. The modifications required cannot be 
determined from the present study. 

Causes of death in clinically well survivors of 
acute myocardial infarction: Our data suggest that 
in the first year after AMI there are 2 main mechanisms 
of death in clinically well patients who have survived the 
first week. The first of these is a tendency to sponta- 
neous reentrant VT or VF. In these patients, VT or VF 
can be induced at programmed stimulation and are 
unrelated to the occurrence of further ischemia. The 
spontaneous appearance of VT or VF depends on the 
chance occurrence of appropriately timed premature 
ventricular complexes. The second mechanism is the 
occurrence of further ischemic events. These can be 
related to the coronary arterial atheroma present at the 
time of the initial infarction, as these patients had evi- 
dence of ischemia at exercise testing when performed 
in the convalescent phase of the infarction. The mech- 
anism by which the existing coronary obstruction leads 
to death was not defined in this study. Thrombus for- 
mation on the preexisting coronary artery lesions is 
probably the most important mechanism,9?49 because 
most ischemia-related deaths occurred after docu- 
mentation of further AMI or fresh antemortem coro- 
nary artery thrombus. Ischemia has been shown to lead 
to lethal VT or VF in the absence of infarction, and this 
mechanism may have contributed to deaths in some 
patients. 

Of particular interest in this study is the extremely 
low mortality rate in the large group of patients who 
have neither inducible VT or VF nor ST-segment 
change on exercise testing. There was only 1 death in 
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this series, which was primarily bradyarrhythmic and 
occurred 1 month after infarction; there was no clinical 
indication of reinfarction or further ischemia and no 
autopsy could be performed to exclude cardiac rupture 
or pulmonary embolism. In the patients with no in- 
ducible VT or VF and no ST change, progréssion of 
coronary artery disease leading to new arterial ob- 
struction and ischemia or infarction should produce 
deaths if it were a major factor, and the incidence could 
be expected to increae with time. Our data suggest, 
therefore, that progression of coronary disease is not a 
significant contributor to 1-year mortality. 

‘Angiographic correlations: Half of the patients had 
coronary angiography during follow-up. The reasons for 
angiography were unrelated to the present study and 
the findings may not apply to all patients in the study 

oup. 

‘Patients with inducible VTor VF as a group had lower 
ejection fractions than those with no inducible ar- 
rhythmia, and this was the only detectable difference. 
This would be consistent with the concept that these 
inducible arrhythmias arise from reentrant circuits 
within scarred myocardium, and these would be more 
likely to be present with greater degrees of ventricular 
scarring. There was no clear cutoff in ejection fraction 
between those with and without inducible arrhythmias, 
so it is unlikely that noninvasive delineation of ejec- 
tion fraction could be used as the sole preliminary 
screening test for the need to perform programmed 
stimulation. 

Patients with 2 mm or more of ST-segment change 
with exercise had both worse coronary disease and lower 
ejection fractions than those with less than 2 mm of ST 
change, as could be expected from known angio- 
graphic-exercise test correlations.1%4! These findings 
are consistent with the concept that angiographically 
more severe coronary artery disease carries a higher risk 
of death either from further infarction or acute ische- 
mia-related arrhythmias. 

Implications for therapeutic intervention: Pro- 
grammed stimulation and exercise testing can identify 
a large group (60%) of clinically well survivors of AMI 
who have a very low 1-year mortality. They are char- 
acterized by having no inducible arrhythmia and less 
than 2 mm of ST change on exercise test. Their mor- 
tality rate is as low as the operative mortality rate for 
coronary artery bypass grafting in good surgical centers. 
In these patients nothing will be gained by suggesting 
coronary angiography with a view to bypass grafting as 
treatment in the absence of angina pectoris,19:4? al- 
though it may become advisable later if effort angina 
subsequently becomes a clinical problem. Similarly, 
there appears no need for the routine use of 6-blocking 
drugs in asymptomatic persons in this group.?9:33-95 
Reducing risk of atheroma progression by attention to 
smoking habits, control of blood pressure and serum 
lipoprotein levels may improve only the longer-term 
prognosis. 

ST-segment change with exercise and inducible VT 
or VF identify patients at higher risk of dying within the 
year, and appear to produce risk categories with useful 
therapeutic implications as different approaches may 


be required for the management of each. Thus, risk from 
preexisting atheromatous obstruction is treatable by 8 
blockade, angioplasty or coronary artery grafting, de- 
pending on angiographic appearances. On the other 
hand, risk from reentrant ventricular tachyarrhythmias- 
in scar tissue may only be treatable by antiarrhythmic 
drugs, implantable defibrillators or surgical ablation of 
scar tissue. It remains to be determined which avenues 
of antiarrhythmic therapy are appropriate in these 
patients. 
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The Jenkins Activity Survey (JAS), a questionnaire 
developed to assess the type A behavior pattern, 
was administered to 2,314 participants In the Aspirin 
Myocardial Infarction Study. All had a myocardial 
infarction (MI) before entering the study and were 
followed for at least 3 years. The JAS type A score 
was not significantly related to risk of recurrent 

ajor coronary events (definite nonfatal MI and 
coronary death) in the group of 244 women, the 
group of 2,070 men, or the subgroup of 671 men who 

| 

| 


Jenkins, Zyzanski and Rosenman! observed in the 
Western Collaborative Group Study (WCGS) that the 
type A behavior pattern was associated with increased 
risk of new myocardial infarction (MI) in middle-aged 
men with manifest coronary heart disease. If this asso- 
ciation were firmly established, it might be useful in 
assessing prognosis and could indicate areas where 
change in behavior could improve prospects for survival. 
These investigators noted, however, that additional 
studies were needed to determine whether this associ- 
ation was generalizable to other populations. The As- 
pirin Myocardial Infarction Study (AMIS) provided an 
opportunity to investigate this question. 


Methods 


The objectives, methods and main results of AMIS have 
been described in detail.2? Briefly, it was a double-blind 
clinical trial in which 4,524 persons who had recovered from 
an| MI were recruited and randomly assigned to treatment 


with aspirin or placebo at 30 clinical centers in the United 
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were employed full-time in professional, technical 
or managerial positions. These results indicate that 
the JAS type A score is not useful In assessing 
prognosis after Mi. By inference, traits measured by 
the JAS type A score, such as competitiveness, 
orientation toward achievement and preference for 
a rapid pace of life, appear not to be associated with 


‘Increased risk of recurrent major coronary 


events. 
(Am J Cardiol 1985;56:221-225) 


States. Participants were monitored for occurrence of fatal 
and nonfatal coronary events for at least 3 years. 

Participants at 18 centers (see Appendix) were asked to 
complete the Jenkins Activity Survey (JAS), which is a self- 
administered, multiple-choice, objectively scored question- 
naire designed to assess the type A behavior pattern.*~’ The 
JAS type A score was constructed to have a mean of 0 and a 
standard deviation of 10 points in the WCGS population. 
Positive scores signify type A behavior—enhanced aggres- 
siveness, competitiveness, ambition, preoccupation with 
multiple vocational or avocational deadlines, and a chronic 
sense of time urgency——and negative scores indicate the rel- 
ative absence of these characteristics. Form E of the JAS was 
used if the participant had been employed during the past 5 
years; form N, developed for persons who do not work outside 
the home, was used otherwise. The standard instructions 
printed on these forms were followed. Recruitment for AMIS 
occurred from July 1975 through August 1976; the JAS was 
administered from June 1976 through May 1977 (95% in the 
8 months from July 1976 through February 1977), in most 
instances after participants had entered the trial. 

These data were analyzed to investigate the hypothesis that 
the type A score was positively associated with risk of recur- 
rent major coronary events, i.e., definite nonfatal MI and 
coronary death. Tests were conducted separately for women, 
for men and for the subgroup of men employed full-time in 
professional, technical and managerial occupations. 

The chi-square statistic was used to test for independence 
between level of the type A score (categorized into tertiles for 
women and quintiles for men) and risk of recurrent coronary 
events. The 5% level of significance was set as the criterion for 
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- | TABLE! Difference In Mean Type A Score Between Men Who Had a Recurrent Major 
| Coronary Event and Those Who Did Not, By Age at Entry and Treatment Group 

i : 

i 


Recurrent Coronary Events 
| Present Absent Difference 
Between 

| Treatment Mean Mean Mean p 
| Group n Score n Score Scores Value 
| Men 30-49 Years 
| Aspirin ` 33 0.01 241 1.24 — 1.23 0.708 
| Placebo 41 —1.45 205 0.05 —1.50 0.381 e 
| Men 50-89 Years k 

Aspirin 89 — 1.66 666 — 1.35 —0.31 0.782 

Placebo 108 — 1.58 687 — 1.43, —0.15 0.876 


rejecting the null hypothesis. In addition, the Student t sta- 
tistic was used to evaluate differences in mean type À score 
between persons who had recurrent coronary events and those 
who did not. Analysis of covariance was used to adjust these 
differences for age at entry. 

_ A proportional hazards (Cox-type) regression model? was 
used to investigate the association between the type ‘A score 
and risk of recurrent coronary heart disease after adjustment 
for potentially confounding variables. In these analyses, the 
type À score was entered into the model as the first regressor, 


and the stepwise algorithm then selected additional regressors , 


from the following list: age; concentration of cholesterol, tri- 
glycerides, uric acid, and glucose in fasting serum; systolic 
blood pressure; pulse pressure; pulse rate; body mass index; 
history of heart failure, angina pectoris, intermittent claudi- 
cation, diabetes, stroke pulmonary embolism, peripheral ar- 
terial occlusion, and transient cerebral ischemic attacks; 


~ electrocardiographically documented arrhythmia; current use 


| - of digitalis, antiarrhythmic agents and nitroglycerin; New 
' York Heart Association classification; full-time employment; 


| 
| 


' gedentary life style; college attendance; current cigarette 


gmoking; current consumption of 1.5 oz/day or more of alcohol; 
and documented history of 2 or more previous MIs. 


Results 
JAS type A scores were obtained for 2,314 (85.8%) of 


. „2,698 persons enrolled at 18 clinical centers. Reasons for 
nonresponse were sought but not obtained for 170: 
. ‘nonrespondents; 125 others refused, 39 died before the 


JAS could be administered, 21 failed to answer enough 
questions for the type À score to be determined, 15 had 
moved or dropped out of the study, 3 did not read En- 
glish, and 2 were too ill. Nine questionnaires were 
omitted because of errors in coding the identification 
number. 

Data from the 18 centers were pooled because anal- 
ysis of variance indicated that they did not differ sig- 


nificantly with respect to mean type A score (p = 0.136). 
` Similarly, for most analyses presented here, data from 


the 2 treatment groups were pooled because they did not 


— differ in the distribution of the type A score or in risk 


of recurrent coronary events, and analyses in each group 


' separately yielded results similar to those in both groups 


combined. 


‘. The mean type A score was —0.9 and the standard 


deviation was 9.7 points for 2,070 men. The distribution 


" was symmetric about the mean (skewness = 0.2), but 


was somewhat flatter than the normal curve (kurtosis 
= —(.8). The mean type A score for 244 women, —2.5, 
was significantly lower than that for men (p = 0.012), 
but the distribution was otherwise similar (standard 
deviation = 9.4, skewness = 0.4, kurtosis = —0.8). | 
Table I shows the mean type A scores for men who 
had recurrent major coronary events and for those who 
did not, stratified by age and treatment group. In all 4 
comparisons, men with recurrent events had slightly 
lower mean scores—i.e., were less type A—but none of 
the differences was statistically significant. Overall, 
mean type A scores for persons who had a recurrent 
major coronary event and for persons who did not were, 
respectively, —3.96 vs —2.32 for women (t = —0.796, df 


| = 242, p = 0.427), —1.39 vs —0.87 for men (t = —0.823, 


df = 2068, p = 0.411), and 0.95 vs 1.52 for men employed 
full-time in professional, technical or, managerial oc- 
cupations (t = —0.536, df = 669, p = 0.592). Adjustment 
for age by analysis of covariance changed the crude 
differences between means only slightly to —1.60 (p = 
0.439) for women, —0.55 (p = 0.377) for men, and —0.51 
(p = 0.634) for the subgroup of men employed full- 
time in professional, technical and managerial 
occupations. | 

As shown in Table II, the level of type A score was not 
significantly related to risk of recurrent major coronary 
events in women, in men or in the subgroup of men who 
were employed full-time in professional, technical or 
managerial occupations. In fact, contrary to the hy- 
pothesis, the highest risks were observed among persons 
with the lowest scores. 

Educational attainment, coded as having attended 
college or not, had a small positive association with the 
type A score in men (r = 0.16) and in women (r = 0.14). 
For men, the type A score had a small inverse associa- 
tion with age at entry (r = —0.12), and very small but 
statistically significant (p «0.05) positive associations 
with body mass index (r = 0.05), working full-time (r = 
0.09), current cigarette smoking (r = 0.06), and current 
consumption of 1.5 oz/day or more of alcohol (r = 0.07). 
None of these variables was significantly associated with 
the type À score for women. For both men and women, 
the type À score was not significantly related at entry 
to indexes of severity of cardiac disease (e.g., use of 
digitalis or antiarrhythmic agents), to prevalence of 
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Lo TABLE Il “Riek of Recurent Major TORR Events, ‘and Mean Age at Entry, According 


AD ‘to Level of Jenkins Activity Survey Type A Score 


É Events" T n 
| Type A No. at Mean Age : Test for 
Score Risk ' (yr) n 96 Independence 
Women 2 | 
i —20.0 to —8.0 82 595 10: 12.2 y? = 2.917 
| —719to 23 81 58.4 9 11.1 df = 
2.410 22.6 81 '58.3 4 4.9 p = 0.233 
| Total 244 58.7 23. 9.4 
i & K 
| —22.6 to —10.2 409 55.8 62 15.2 : 
| —10.1to —4.5 420 55.1 51 -12.1 X? = 2.038 
—4410 1.8 413 54.1 52 12.6 df= 4 
| 17t0 8.2 409. 53.6 53 13.0 . p#0.729 
8.3to 25.6 419 53.4 ' B8 12.6 
Total 2,070 54.4 271 13.1 
Men in Professional, Technical and Managerial Occupations 
—22.2 to —7.4 136 51.3 20 14.7 
—7.3 to —1.1 131 52.1 16 12.2 X? = 0.627 
—1.0to. 4.3 134 51.5 16 11.9 df= 4 
4.4to 9.7 137 51.9 19 13.9 p = 0.960 
9.8 to 23.0 -133 51.8 18 13.5 
Total 671 51.7 89 13.3 
* Major coronary events: definito nonfatal niyocardal narco ahd death due to coronary heat donee 


in association with with an acute cardiac event. 


other conditions such as intermittent claudication : or 
iabetes mellitus, or to variables such as blood pressure 
or fasting glucose level. 

After adjustment for covariates by proportional 
hazards (Cox-type) regression analysis, the type A score 
was not significantly related to risk of recurrent major 

coronary events in the total group of men (Table III); 

oh the subgroup of men who were employed full-time in 
professional, technical or managerial positions (partial 
regression coefficient = 0.0027, standard error = 


0. 0123), or in women (partial regression coefficient = 


40. .0216, standard error — 0.0240). 


Discussion 


The hypothesis that type A behavior is MONETE] | 


' ith increased risk of coronary heart disease was first 
d prospectively in WCGS.? Participants were 3,154 
men who, at entry, were 39 to 59 years old, free of 
manifest coronary heart disease, and employed. Most 
were supervisors, data handlers and engineers; 10% were 
laborers. Initial examinations were accomplished from 
June 1960 to December 1961, and reexaminations were 
done annually thereafter. Follow- -up for incidence of 
ronary heart disease ended in December of 1969. 
ults showed that type À men, compared with type. 
men, had twice the risk of coronary heart disease, and 
t this increased risk was independent of age, blood 


ressure, serum cholesterol concentration and cigarette 


smoking.19.H 


A personal interview was used to assess behavior ^ 
attern in WCGS.? This procedure; with modifica- `- 
. behavior.16 


tions, 12 continues to be the method of choice. As de- 


scribed by Rosenman et al? the interview has 3 impor- ` 
à Rosenman developed the JAS. This questionnaire was 


tant advantages over.a written questionnaire: It ee 


model by 
‘the 0. 05 level of 


TABLE Ill Proportional Hazards (Cox-Type) Regression of 
»  Recurrent Major Coronary Events on Jenkins 
Activity Survey Type A and Other Variables— 


Men Only 
Variables * Coefficient Error p 
JAS type A score ` —0.004 0.007 0.523 
Two or more prior Mist 0.641 0.152 «0.001 
History of angina pectorist 0.451 0.134 «0.001 
Current cigarette smokert 0.437 0.136 0.001 


Fasting serum glucose (mmol/liter) 0.083 0.029, 0.028 
* See the description of methods for variables not included in this 
the eio algorithm because they did not meet 
cance 
t These 3 variables were coded 0 = absent and 1 = present. 
| JAS = Jenkins AVID! Survey. . 


observation of characteristic motor signs, observation 
of changes in emotional expressions and flexibility in 


the interviewer’s approach to a given subject. 


- The interview also has definite disadvantages. It 
cannot be learned without instruction and guidance 
from someone already qualified in the procédure. . 
Generally, persons who wish to acquire this skill have 
been tutored by Dr. Rosenman or someone trained by 
him. Moreover, a large element of subjectivity enters 
into the assessment. Although adequate inter-rater 
reliability can be obtained, !?-1? standards for evaluating 
validity have not been established. A review panel 
sponsored by the National Heart, Lung, and Blood In- - 


 Btitute concluded that “fundamental uncertainties" 


exist in the characterization and assessment of type A 


. In view of these problems, Jenkins, Zyzanski and 
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initially administered to WCGS participants in 1965, 

i.e., midway through the course of the study. Results 

showed that the JAS type A score was significantly as- 
. gociated prospectively with incidence of coronary heart 

disease during the last 4 years of the study; average 
annual risks of first coronary events for men with scores 
` less than —5.0, —5.0 to 5.0, and greater than 5.0 were, 
- respectively, 8.0, 10.7 and 14.3 per 1,000.1” 

In addition, Jenkins et al! found that the JAS type 

A score was significantly associated with risk of recur- 
-rent MI; the mean score for 67 men with recurrent cor- 
. onary events was significantly greater than that for 220 

. men with a single coronary event, 4.34 vs 0.55, respec- 

tively (p = 0.005). Angina pectoris without MI was the 
initial coronary event for an unspecified number of 
~~ these 287 men; the remainder had ML The initial event 
occurred at some time before entering the WCGS for 

109 men (38%), after entry but before taking the JAS for 

93 (32%), and after taking the JAS for 85 (30%). 
Twenty-three of the 67 men with recurrent events (MI 

or death due to coronary disease) also had the recurrent 
event before taking the JAS. 

In contrast, the JAS type A score was unrelated to 

risk of recurrent major coronary events in the present 
study of 2,070 men and 244 women, all of whom had 
survived a previous, documented MI. No statistically 
significant trend was discernible between type A scores 
and risk of recurrent coronary events in women, in men 
or in the subgroup of men employed full-time in pro- 
fessional, technical or managerial occupations, either 
in the crude data or after adjustment for potentially 
confounding variables. 

. At least 2 caveats should be observed when inter- 

-preting these results. The JAS was usually administered 

_after randomization into AMIS and data were not ob- 

tained for 14% of persons randomized. These omissions 
could have biased the results. Also, persons who vol- 
unteer for a clinical trial may differ systematically i in 
personality from persons who participate in a strictly 
observational study, and such differences may modify 

‘an association between type A behavior and risk of 

coronary heart disease. However, these results from 
‘AMIS agree with findings of the Multicenter Post- 

Infarction Project.18 In that prospective, observational 

study of 545 patients, the JAS type A score was not as- 
sociated with extent of myocardial damage at infarction 
or with prognosis. 

Two independent studies have now failed to confirm 
the observation of Jenkins et al‘; therefore, we conclude 
that an association between the JAS type A score and 

! ‘risk of recurrent coronary disease has not been ade- 

` quately demonstrated. Using the JAS under the as- 
' sumption that such an association does exist is not 
justified by the evidence. 

The significance of these results for the more general 
question regarding risk of recurrent coronary heart 
disease and type A behavior per se—as distinct from the 
JAS type A score—is a matter for debate which hinges 
largely on one's view regarding the validity of the JAS 
as a procedure for assessing type A behavior. This 
' complex question has been reviewed elsewhere^16.19? and 
‘ cannot be resolved herein. However,.as sumiarized by 
Matthews, 19 JAS type A scores have been shown i in ex- 


CORONARY HEART DISEASE 


perimental studies to be associated, with traits of coni- 
petitiveness, orientation toward achievement and 
preference for a rapid pace of life. By inference, these 
traits appear not to be associated with risk of recurrent 
major coronary events. 
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' The Independent association of serum concentra- 


tlons of saturated and polyunsaturated fatty acids, 


-apolipoproteins Al and B, selenium and vitamins A 


and E with the risk of death from coronary artery 


disease (CAD) was studied in 92 persons with no - 


previous myocardial Infarction, who died from CAD 


. during a 5-year follow-up, and. their 92 1-to-1 


matched controls. Case-control palrs came from a 


randomly drawn population sample of approximately 
12,000 persons aged 30 to 64 years from 2 prov- 


inces of eastern Finland, an area with exceptionally 


. high CAD mortality. Control subjects were matched 


for. sex, age, serum cholesterol, mean arterlal 


pressure, tobacco consumptlon and history of car- 


- diovascular diseases. The persons who died of CAD 


had lower serum esterifled arachidonic acid con- 


-.centrations before follow-up than the control 


. CAD. 


subjects (41 vs 48 mg/liter, p = 0.05), and this dif- 


. ference was greater for palrs with no chest pain on 


effort (36 vs 50 mg/liter, p <0.05). The adjusted risk 
of CAD death In persons with a serum polyunsatu- 
rated to saturated (P/S) fatty acid ratio of 0.28 or 
less (in the lowest tertile) was 3.5-fold (9596 con-. 
fidence Interval [CI], 1.5 to 8.2) compared with those 
with higher serum P/S ratios iri a multivariate logistic 
model and 5.6-fold (95% CI 1.6 to 19.8) for palrs 


" with no chest pain on effort. A low serum apollpo- 


protein Al, concentration (1.25 g/liter.or less, in the - 


` lowest tertile) was associated with a 2.5-fold (95 96 


Cl 1.1 to 5.7) adjusted risk of CAD death among the 
chest paln-free persons. We found no consistent 


. association between serum selenium, retinol or to- 


copherol concentrations and the risk of death from 
Am J Cardiol 1985;56: sl 





The association between serum total cholesterol con- 


. centration and the risk of coronary artery disease (CAD) 


: has been established in prospective epidemiologic 


studies. A few prospective studies have also found an 


. inverse relation between serum high- density lipoprotein 


. cholesterol! or apolipoprotein AI concentration? and the 


| risk of CAD. In the Western Electric study? the dietary 
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entof - 


intake of ddicsiavl was positively Ebo eH with CAD 


mortality in men and the dietary intake of polyunsat- : 
: urated fatty acids inversely associated. Indirect evi- 


dence suggests that besides the dietary polyunsaturated 
to saturated (P/S) fatty acid ratio, the intake of dietary 
n-3 (omega 3) series polyunsaturated fatty acids may 
be inversely related to CAD and cardiovascular mor- 
tality. In a recent small prospective study, linoleic, 
arachidonic, linolenic and eicosapentaenoic acid con- 
tents of serum phospholipids were inversely associated 
with the risk of CAD death. 

- Because not only coronary atherosclerosis but ale 


coronary thrombosis plays a role in the pathogenesis of — 
` CAD, it seems useful to assess the impact of dietary 


constituents that influence platelet: aggregability. 
Whereas serum lipoprotein profile is assumed to have 


relevance mainly for the development ofatherosclero- - 
un sis,’ serum i LAMY acid ee is more often’ dis- 
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cussed in connection with platelet aggregability.95 An- 
tioxidants theoretically have a role in platelet 
aggregability? and possibly also in atherosclerosis, by 
interfering in the prostaglandin metabolism in endo- 
thelial cells of the arterial wall. Selenium is a cofactor 
of glutathione peroxidase, an enzyme involved in 
prostaglandin metabolism. Selenium deficiency was 
associated with an excess risk of acute myocardial in- 
farction and CAD death in a prospective study in east- 
ern Finland in early 1970s,? but not in another, later 
study in which the persons studied had much higher 
serum selenium levels.? In a cross-sectional study an 
inverse association was found between plasma selenium 
concentration and arteriographically measured severity 
of coronary atherosclerosis.!? We tested the hypothesis 
that the serum concentrations resulting from dietary 
intakes of eicosapentaenoic and arachidonic acids, se- 
lenium and vitamin E are inversely associated and that 
of the saturated fatty acids are positively associated 
with the risk of fatal CAD in a prospective study in an 
eastern Finnish population, which has an exceptionally 
high CAD mortality, high dietary intake of saturated 
fats and low intake of selenium and polyunsaturated 
fatty acids. 


Methods 


For the present analysis we used the data of the Eastern 
Finland Heart Survey, 1977. The survey comprised a random 
6. 796 sample of the population aged between 30 and 64 years 
of 2 provinces of eastern Finland, North Karelia and Kuopio. 
Eastern Finnish men have an exceptionally high incidence and 


‘mortality from CAD as well as a high dietary intake of satu- 


rated fats and cholesterol! The participation rate in the 
survey was 90%, and a total of 12,155 persons, both men and 
women, were examined.!! The survey was carried out during 
January, February and March, 1977. It included a self- 
administered questionnaire of 148 questions, interviews and 
physical measurements. The interview on chest pain on effort 
was conducted by using the London School of Hygiene Car- 
diovascular (Rose’s) Questionnaire, with 8 questions. Other 
details of the measurement methods and field work have been 
presented.!! After a median fast of 9 hours, venous blood was 
drawn from each subject, and a sample of serum was stored 
at —20?C in closed plastic tubes. The serum tubes were 
thawed for the first time in April 1984, to analyze the fatty 
acid profile, apolipoproteins, selenium, retinol and a- 
tocopherol. 

All chemical determinations from serum samples were done 
in a random order and the laboratories did not know which 
ones were those of cases. Free and esterified serum fatty acids 
were determined after transesterification!? with gas chro- 
matography. An OV-351 (15 m) fused silica capillary column 
was used. Only methyl esters were determined of arachidonic 
and eicosapentaenoic acids. For all other fatty acids, free and 
methyl esters were summed up in the data analysis. 'T'o assess 
the lextent of deterioration of serum lipids during storage, 
serum total cholesterol concentration from 10 serum samples 
was determined with an enzymatic method. The agreement 
with the original determinations done in 1977 was excellent. 
Serum apolipoproteins AI and B were determined by rocket 
immunoelectrophoresis. The electrode buffer for the assays, 
which was also used as the sample diluent, contained 3 
mmol/liter calcium lactate. Otherwise, the apoprotein assays 
were performed as previously described.!? Selenium concen- 
trations were determined in 2 laboratories independent of 


each other. The Department of Chemistry of the University 
of Kuopio used graphite furnace atomic absorption spec- 
trometry employing Zeeman background correction. The 
dilution procedure using HNO; and Triton X-100 was applied 
as suggested by Weltz et al.!4 A nickel matrix modifier was 
used as proposed by Saeed et al.1ë The National Public Health 
Institute of Finland used the graphite furnace atomic ab- 
sorption spectrometric method as described earlier.? The 
correlation between the values from the duplicate selenium 
determinations was 0.73. Serum total retinol and a-tocopherol 
concentrations were determined by high-performance liquid 
chromatography as presented by De Leenheer et al.18 

Data regarding deaths in the cohort were obtained from the 
computerized National Death Certificate Register, which 
records all deaths of Finnish citizens. The underlying cause 
of death was taken as that assigned at the Central Statistical 
Office of Finland. This analysis is based on deaths that oc- 
curred up to December 31, 1981. The persons in the 1977 
survey who reported a history of myocardial infarction in the 
previous 5 years were excluded from the study cohort. During 
the 5-year follow-up, 108 eligible persons died of CAD (In- 
ternational Classification of Diseases, 8th revision, codes 410 
to 414). One control person was matched pairwise to each of 
these cases according to sex, age, daily consumption of tobacco 
products, serum total cholesterol concentration, mean arterial 
pressure (1/8 systolic plus 2/3 diastolic blood pressure) and 
history of cardiovascular diseases. The sex of each control was 
the same as that of the case, as was the smoking status. The 
age of the case and the control was the same within 1 year. The 
nearest-distance method was used to match for the number 
of tobacco products smoked daily among smokers, serum total 


- cholesterol concentration and blood pressure. Blood had not 


been sampled or the serum specimens were missing for 14 
cases and 7 original control subjects; these cases were omitted 
and controls were replaced by new ones. Serum samples were 
insufficient for fatty acid analysis in 2 pairs and these were 
excluded from the study material. Thus the subjects for the 
present analysis consisted of 92 cases and their 92 one-to-one 
matched control subjects. Sixty-nine of these pairs were men 
and 23 were women. The age range was 30 to 64 years. In these 
pairs there were a few missing data for determinations other 
than fatty acids. None of the control persons died of cancer 
during the follow up. Five cases and 2 controls had diabetes. 
None of the women reported use of oral contraceptives. In 64 
pairs neither the case nor the control reported chest pain on 
effort in the interview. This subgroup was analyzed separately 
to estimate associations among persons free of previous 
CAD. 

The mean differences between cases and controls were 
tested for statistical significance with the ¢ test for paired 
samples in all pairs and with the Wilcoxon matched-pairs, 
signed-ranks test in subgroups. To estimate the partial asso- 
ciations and synergism of fatty acid, apolipoprotein, selenium, 
retinol, and a-tocopherol concentrations with the risk of fatal 
CAD, these variables and the strongest confounders were 
entered into the same multiple logistic model. The case-con- 
trol differences were used as independent variables to estimate 
the unconditional likelihood in a multiple logistic model when 
the statistical unit was the pair. The logistic regression of the 
GLIM computing package was used to fit the conditional 
model to matched-pair data. The approximate lowest tertiles 
of the combined distributions of the cases and controls were 
used as cut-off points for computations of the relative risks. 


Results 


'The cases and the controls had comparable means for 
serum cholesterol concentration, number of tobacco 
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FATTY ACIDS, APOLIPOPROTEINS AND ANTIOXIDANTS IN CORONARY DISEASE 


TABLE! Risk Factors for Coronary Artery Disease In 92 Cases and Their One-to-One 


Matched Controls 
: Casos Controls 
Mean + standard error 
Age* (yr) 54+ 1 55 d- 1 
No. of tobacco products/day * 7.6 + 0.9 8 + 1.2 
Serum cholesterol (mg/dl)* 287 +5 286 + 4 
Systolic blood pressure (mm Hg) 158 + 3 158+ 2 
Diastolic blood pressure (mm Hg) 95 +1 96+ 1 
Mean arterial pressure (mm Hg)* 116 32 116 3:1.4 
Body mass Index (kg/m?) 27 + 0.4 27 + 0.4 
Intake of strong alcoholic 1342 23 1:6 
beverages (times a year) 
Days absent from work In previous 45 + 10 21+ 61 
NT 
Pr 
‘Smok 50 50 
History of cardiovascular disease 51 53 
in previous 12 months* 
Diabetes 54 . 2.2 
Chest pain on effort (by Rose's 32 201 
interview) 
History of myocardial Infarction 62 461 
or angina pectoris in either 
parent 
Reguíar medication for cardiovascular 50 291 
disease 
Change In work or hobbies due to 68 ot 


disease In previous 12 months 


* Used as criterlon to match a control for each case. 
t Significant difference between cases and controls (p <0.05 by paired sample t test). 


TABLE I| Mean Serum Fatty Acid, Apolipoprotein, Selenium and Vitamin Concentrations 
in 69 Men and 23 Women Who Died of Coronary Artery Disease and Their 
One-to-One Matched Coronary Artery Disease Controls 


Men 


Cases Controls 


Women ~ All 


Cases Controls Cases Controls 


d d fatty acids 1,026 1,004 980 1,020 954 

{mg/liter} 

Esterified arachidonic acid 40 42 46 41 48* 
(mg/liter) 

Esterified eicosapentaenoic acid 34 42 46 36 39 
(mg/liter) 

Apolipoprotein Al (g/liter) 1.25 1.31 1.24 1.18 1.25 1.28 

Apolipoprotein B (g/liter) 1.24 1.18 1.29 1.32 1.26 1.21 

Selenium (g/liter) 63 56 63 62 68 

To (mg/liter) 5.9 6.8 6.5 6.1 5.8 

Retinol (g/liter) 653 647 545* 651 613 


test 


products smoked daily and mean arterial pressure 
(Table I). The cases’ average annual intake of strong 
alcoholic beverages was less than that of the controls. 
'The cases had 2 times the number of days absent from 
work because of an illness in the 12 months preceding 
the 1977 survey than the controls. A greater proportion 
of the cases had a history of diabetes, angina pectoris 
symptoms on effort, history of myocardial infarction or 
angina pectoris in either parent under the age of 60 
years and regular medication for a cardiovascular dis- 
ease. Two-thirds of the cases reported a change in their 


. work or hobbies because of an illness in the 12 months 


preceding the 1977 survey, whereas none of the controls 


: reported such life changes (Table I). 


The cases had 15% lower mean serum esterified ara- 
chidonic acid concentration (t = 1.97, p = 0.005) and 7% 


* Significant difference between cases and controls (p «0.05, Wilcoxon matched-pairs, slgned-ranks 
). ` 


higher mean serum concentration of saturated fatty 
acids (t = 1.67, degree of freedom (df) = 91, p = 0.10) 
than the controls (Table II). Both these differences were 
greater among men (18%, difference not significant 
[NS], and 9%, p = 0.026, respectively) than women. 
Serum concentrations of esterified eicosapentaenoic 
acid and selenium tended to be lower among the cases 
than the controls, but the differences were small and not 
statistically significant. There was no consistent dif- 
ference in serum total polyunsaturated fatty acids be- 
tween the cases and controls (not presented). Serum 
concentrations of apolipoprotein AI were nonsignifi- 
cantly lower and those of apolipoprotein B higher in the 
cases than in the controls for men. Among women these 
differences (NS) were in the opposite direction. Serum 
retinol and a-tocopherol concentrations did not differ 
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TABLE ill Correlations Between Serum Fatty Acid, Apolipoprotein (APO) and Selenium (SEL) Concentrations and Presence 
of Chest Paln on Effort Among the Cases and Controls 
Cases Controls 
AA EPA PS APO SEL AP AA EPA PS APO SEL AP 
Saturated fatty acids 0.864 (00.32! —0.20*  —0.13 0.06 0.01 0.158 0.268!  —0.341 —0.08  —0.11 0.12 
Esterifled arachidonic acid 0.44T 0.11 —0.01 0.19* 0.277 0.23* 0.621 0.03 | 0.63! —0.06 
Esterlfled eicosapentaenoic acid 0.26 0.07 0.13 0.00 0.02 0.00 0.08 0.02 
P/S ratio 0.13 0.11  —0.03 —0.01 0.36T —0.03 
Apolipoprotein Al 0.00 0.07 0.13 —0.01 
Selenium 0.10 —0.08 


LL — —— — — —— M Ó— HP —— e e — BÉ al ee ee 
Correlation coefficient: * significant at p «0.05; t significant at p «0.01; + significant at p «0.001. Chest pain on effort according to Rose's 


Interview (binary variable) 


le). 
AA = esterified arachidonic acid; AP = anglna pectoris; EPA = esterifled elcosapentaenoic acid; P/S = polyunsaturated to saturated fatty acid 


ratio. 


—— 


Partial Coefficient of Serum Fatty Acid, Apolipoprotein Al and Selenium 
Concentration In Multiple Logistic Models of the Risk of Death from Coronary 
Artery Disease 
All Persons Persons with No Chest 
(92 Palrs) Pain on Effort (54 Pairs) 
Coefficient? SE Coefficient? SE 
Saturated fatty acids 0.00197* 0.00086 0.004151 0.00140 
(mg/liter) 
Esterified arachidonic —0.0454T 0.0176 —0.082 1t 0.0286 
acid (mg/liter) 
Esterified eicosapentaenoic 0.00527 0.0217 —0.0101 0.0381 
acid (mg/liter) 
Apolipoprotein Al (g/liter) — 1.064 0.9028 —0.9238 1.250 
Selenium (g/liter) —0.00260 0.01149 —0.0130 0.0184 


t Allow! 
both models) and 
with no chest paln on effort). 

SE = standard error. 


"EE HERE 


significantly between the cases and the controls, except 
for retinol among women, in whom the cases had higher 
vitamin A concentrations than the controls (Table II). 
The differences between the 54 cases and controls with 
no chest pain on effort were similar to those in the whole 
sample. The mean serum esterified arachidonic acid 
concentration was 36 mg/liter for cases and 50 mg/liter 
for controls with no chest pain on effort (t = 2.60, p = 
0.012). 

Serum arachidonic acid concentrations correlated 
strongly with serum selenium concentrations among the 
controls (r = 0.63, p <0.01) and somewhat among the 
cases (r = 0.19, p «0.05) (Table III). Arachidonic acid 
levels correlated also with eicosapentaenoic acid con- 
centrations (r = 0.23, p <0.05) among the controls. 
Serum apolipoprotein AI did not correlate significantly 
with any other of the study variables. 

a multiple logistic model allowing for serum con- 
centrations of eicosapentaenoic acid, apolipoprotein AI, 
gelenium and total cholesterol as well as regular car- 
diovascular medication (no, yes), serum total saturated 
fatty acid concentration had a positive (p <0.05) and 
serum arachidonic acid concentration had an inverse. 
(p «0.01) independent partial association with the risk 
of CAD death (Table IV). This was also the finding in 
the subsample of the pairs in which neither the case nor 


* Significant at p <0.05, 2-sided test; t significant at p <0.01, 2-sided test. 
for matching as well as serum total cholesterol concentration (difference not significant for 
cardlovascular medication (p «0.01 for ali persons, difference not significant for persons 


the control had reported chest pain on effort in the 
Rose's interview (p «0.01 for saturated and p «0.001 for 
arachidonic acid). T'he addition of any of the variables 
in Table I did not change these partial associations. 

A very low P/S ratio (50.28) was associated with an 
adjusted relative risk of CAD death of 3.5 (9596 confi- 
dence interval [CI], 1.5 to 8.2) among all case-control 
pairs and with an adjusted 5.6-fold (95% CI, 1.6 to 19.8) 
risk of CAD death among the pairs with no chest pain 
on effort (Table V). A low serum apolipoprotein AI 
($1.25 g/liter) level had a significant relation with the 
risk of CAD death among the chest pain-free persons 
(relative risk = 2.5, 95% CI, 1.1 to 5.7) but not in the 
total sample, although there was a nonsignificant trend 
in the same direction. Serum selenium level, broken 
down into 2 categories, had no relation with the risk of 
CAD death in the whole sample. À serum selenium 
concentration of 45 ug/liter or less was not significantly 
associated with an increased risk of CAD death among 
the persons with no chest pain on effort, although the 
adjusted relative risk was 3.2 (95% CI, 0.6 to 16.7, Table 
V). None of the 3 possible interactions reached statis- 
tical significance (not presented). The relative risk for 
the P/S ratio of 0.28 or less was 5.7 (95% CI, 2.0 to 16.4) 
when the 5 risk factors for which there was a difference 
between the cases and controls and the province of 
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TABLE V Adjusted Relative Risk of Death from Coronary Artery Disease Associated 
with Low Serum Polyunsaturated to Saturated (P/S) Fatty Acid dod 


‘Apolipoprotein AJ and Selenium Concentrations 


Persons with No 


All Persons (92 Pairs) 
Chest Pain on Effort 
3-Variable Model 9-Varlable Model§ (54 pairs) 
RR 95% CI RR 95% Cl . RR 9596 CI 
P/S ratio 0.28! 3.51 1.5-8.2 5.71 2.0—16.4 5.61 1.6-19.8 
Apolipoprotein Al 1.25 g/litert 1.5 0.8-2.9 1.2 0.6-2.6 2.5* 1.1-5.7 
Selenlum <45 ug/llter 0.9 0.3—2.3 1.3 0.3-7.0 3.2 0.6—16.7 l a 


* Relative risk (RR) er rd different from the value one (p <0.05); 1 relative risk significantly different 


istic model allowing for matching. 


Allowing, in addition to matching, for intake of strong alcoholic beverages 


variables dichotomized: 1, If the lowest tertile, 0, otherwise based on conditional multiple 


<0.05), days of work 


absenteeism (p «0.01), diabetes (difference not significant), history of myocardial infarction or angina 
in either parent (not significant), cardiovascular medication (p <0.05) and study area: North Karella 


or Kuopio (not significant). 
Cl = confidence interval. 


residence (whether North Karelia or Kuopio) were al- 
lowed for in the logistic model in all pairs (Table V). The 
exclusion of the 5 pairs in which either the case or the 
control was diabetic had RoR no effect on the esti- 
mates of relative risks. 


Discussion 


The serum esterified eicosapentaenoic acid concen- 
tration before follow-up was only marginally and 
nonsignificantly lower among those who died of CAD 
than among those who remained alive; in contrast, the 


' difference in serum arachidonic acid was notably 


greater. The inverse association of serum arachidonic 
acid with the risk of CAD death also persisted when, in 
addition to matching criteria, serum eicosapentaenoic 


acid, total saturated fatty acid and apolipoprotein AI 
concentrations were controlled for in multivariate 


models. Miettinen et alë found a significantly lower 
proportion of serum phospholipid eicosapentaenoic acid 
among 33 men who had a myocardial infarction or died 
suddenly during 5 to 7 years of follow up than a group 


of 64 risk-factor-matched controls. The difference was, 


however, small in absolute terms, reversed in serum 
triglycerides and absent in serum cholesterol esters. The 
case-control difference for serum phospholipid ara- 


chidonic acid was more pronounced in their study but © 


was not observed in other lipid fractions.® 
Our data indicate that serum fatty acid P/S ratio is 


inversely associated with the risk of CAD in middle-aged , 


men, and this association is not explained by serum 


. cholesterol concentration. Whereas dietary polyun- 
. gaturated fats had a stronger relation to the risk of death 
from CAD than saturated fats in the Western Electric 

- study,’ in our study serum total saturated fatty acid 


concentration was a stronger predictor. In our data, 
there was a residual association of the serum fatty acid 


. P/S ratio, serum total saturated fatty acids and serum 


esterified arachidonic acid concentration with the risk 


.. of death from CAD even after controlling, in addition 
. to the major established risk factors for CAD by 
matching, for serum apolipoprotein AI concentration. 

-~ This finding implies that the effect of dietary fatty acid 
. P/S ratio in the development of CAD or triggering death 


from CAD is at least in part mediated through other 


mechanisms than that proposed? for serum high-density 
and low-density lipoproteins. A possible alternative 
mechanism could be regulatory effects of various fatty 
acids in prostacyclin and thromboxane Av synthesis and 
the influence of prostaglandins on coronary thrombosis 
formation and coronary vasoconstriction. _ 

In 2 prospective studies serum high-density lipopro- 
tein cholesterol!” or a-lipoprotein!? cholesterol con- 
centration had no detectable association with the risk 
of CAD in high-risk!” or hypercholesterolemic 
subjects! in contrast, an inverse association existed in 
low-risk subjects.17 Serum apolipoprotein AI was a 
better predictor than high-density lipoprotein choles- 
terol in 1 case-control study!? but not in a small pro- 
spective study.” Although our subjects had high average 
serum total cholesterol level (287 mg/dl), serum apoli- 
poprotein AI provided additional prediction of CAD 


risk in persons free of angina pectoris after allowing for 


serum total cholesterol by matching. In contrast to 
previous observations!® in angiographic studies, serum 
apolipoprotein B did not add to the fraction of CAD risk 
explained in the multivariate models. 

In another cohort from eastern Finland, examined in 
1972, we found a consistent inverse association between 
serum selenium concentration and risk of death from 
CAD.? If this observation were a spurious one, intro- 
duced by the covariation of selenium and polyunsatu- 
rated fatty acids in foodstuffs, the association of serum 
selenium with the risk of CAD death would weaken or. 
disappear when the polyunsaturated fatty acids were 
added in à multivariate model. T'he partial coefficient 
for selenium did not, however, decrease in the present. 
data, despite the correlation of serum selenium with 
both serum arachidonic acid content (0.63) and P/S 
ratio (0.36) in our control subjects when serum arachi- 
donic and eicosapentaenoic acids were added to the 
model. In the study by Miettinen et al? using a group of 
volunteers in a multifactorial preventive trial, the range 
of serum selenium concentration for all subjects was 50 


. to 105 ug/liter. Thus, there were no selenium values below 


our cutoff point (45 ug/liter) in their study population. 
The relative risk for a low serum selenium concentration 


— 
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was similar among the persons with no chest pain on 
effort to that observed in the data from the 1972 cohort 
from the same area:? relative risk 3.2 vs 2.9. The pro- 
portion of persons with low serum selenium concen- 
trations was, however, very small in the present data, 
and the association did not reach statistical significance. 
'The level of selenium determinations was controlled by 
interlaboratory comparisons. If selenium were impor- 
tant in the risk of CAD only at very low intake levels as 
in our previous data,!? then the elevation of the mean 
selénium intake would reduce the impact of selenium 
on CAD risk in the population. 

'The impact of vitamins À and E on the risk of CAD 
has not previously been studied in prospective epide- 
miologic data sets. On the basis of our data, 2 antiox- 
idative vitamin compounds, a-tocopherol and retinol, 
do not seem to have any independent association with 
the risk of death from CAD in middle-aged persons with 
low dietary fatty acid P/S ratios. The cholesterol-ad- 
justed serum retinol concentrations tended to be higher 
among the cases than the controls. This finding has not 
been previously reported and warrants replication with 
vitamin determinations from fresh serum samples. 

The present matching was successful in obtaining 
comparable cases and controls with regard to the major 
CAD risk factors. Thus, smoking, blood pressure and 
gerum total cholesterol were ruled out as the source of 
the observed residual difference between the cases and 
cóntrols. The cases and controls were not, however, 
exactly comparable in terms of cardiovascular history 
and condition. This suggests that a greater proportion 
of the cases already had CAD at the time of the pre- 
follow-up survey in 1977 than did the controls. Because 
symptomatic CAD may influence the dietary habits of 
persons, this difference is a potential source of bias. 
People tend to improve their dietary habits upon 
manifestation of CAD symptoms. Indeed, in our data 
saturated fatty acid concentration in serum correlated 
positively with chest pain on effort among the controls 
but not among the cases. Also, serum arachidonic acid 
content had a positive correlation with chest pain on 
effort in the cases but not in the controls. This suggests 
that some of the persons who later died of CAD had 
reduced their dietary intake of saturated fats and in- 
creased that of polyunsaturated fatty acids after the 
manifestation of angina symptoms. This potential bias 
might have diminished the case-control differences for 
serum fatty acids, apolipoproteins, selenium and an- 
tioxidative vitamins. Both vitamin E and apolipoprotein 
B concentrations and possibly also fatty acids under- 
went some degradation during the 7-year storage at 
—20° C. Also, dietary patterns probably changed during 
the 5-year follow up for a part of the subjects. The 
random error in the exposure measurements from these 
2 sources tends to bias the results towards the null hy- 
pothesis. For these reasons one must be very cautious 
in excluding the possibility that there is an association 
between dietary selenium and vitamin intake and the 
risk of CAD. 

Our data show that the serum fatty acid content, 
mostly determined by the fatty acid composition of the 
diet, is associated with the risk of death from CAD in 
healthy persons with low dietary fatty acid P/S ratio, 


11. Puska P, Tuomilehto J, Salonen J, Nissinen A, 


and that this association is at least in part independent 
of the serum concentrations of total cholesterol and the 
main high density lipoprotein carrying apoprotein. This 
finding implies that part of the excess risk of CAD as- 
sociated with an adverse dietary fatty acid composition 
might be related to pathogenetic mechanisms other 
than coronary atherosclerosis. Our data also indicate 
that a low serum apolipoprotein AI concentration is an 
independent risk factor for fatal CAD for men in high- 
cholesterol populations. The association of serum fatty 
acid P/S ratio and apolipoprotein AI with the risk of 
CAD death appears stronger among persons with no 
chest pain on effort than those who already have angina 
symptoms. Although the present data do not support 
the assumption that selenium deficiency increases the 
risk of CAD, a possible role of selenium in the etiology 
of CAD cannot be ruled out. Further studies in 
low-selenium populations are needed to assess the as- 
sociation between selenium and the risk of CAD 
conclusively. 


Acknowledgment: We thank Drs. Henry Blackburn and 
David Jacobs for providing helpful comments. 


References 


. Lewis B. The I! eins: predictors, protectors, and pathogens. Br Med 
J 1983;287:1161-1164. 

2. Ishikawa T, Fidge N, Thelle DS, Forde OH, Miller NE. The Tromso heart 
study: serum apolipoprotein Al concentration In relation to future coronary 
heart disease. Eur J Clin Invest 1978;8:179—182. 

3. Shekelle RB, MacMillan SA, A, Paul O, Vellei n 
$, Raynor WJ Jr. Diet, serum cholesterol, and from heart 
disease. The Western Electric study. N Engl J Med 1981;304:805—70. 

4. Dyenberg J, Bang HO. Haemostatic function and platelet polyunsaturated 
fatty acids In mos. Lancet 1978;2:433—4395. 

5. ene Naukkarinen V, Huttunen JK, Mattila S, Kumlin T. Fatty-acid 


=h 


ition of i lipids predicts myocardial Infarction. Br Med J 
198 ;285:993-996 
6. Mehta JL. Pr landins: Mu Eory role In cardlovascular 


ar system and 
Implications In disease. Int J Cardiol 1983;4:249—259. 

7. Levander OA. Eincance Cr Unica ie and Coun In dos berthi 
of prostaglandins. Abstracts of the Sympostum on Nutritlon-Prostaglan- 
dins-Health. Helsinki, 1984. 

8. Salonen JT, Alfthan G, Huttunen JK, Pikkaralnen J, Puska P. Association 
between card death and myocardial Infarction and serum setenium 
In a matched-pair longitudinal study. Lancet 1982;2:175-179. 

9. Miettinen TA, Althan G, Huttunen JK, Pikkarainen J, Naukkarinen V, 
Mattila S, Kumlin T. Serum selenium concentration related to lal 
2 - and fatty acid content of serum IIpid. Br Med J 1983;287:517- 


10. Moore JA, Nolva R, Wells JC. Selentum concentrations In plasma of patients 
with arterto cally defined coronary atherosclerosis. Clin Chem 

1984;30:1171—1173. 
quist 8, 


Virtamo J, 
Koskela K, L, Takalo T, Kottke T, Maki J, Siplla P, Varvikko 
P. The North Karelia Project: evaluation ot a comprehensive community 
recat tll for control of cardiovascular diseases in 1972-77 In North 
lla, Finland. Copenhagen: WHO/EURO, 1981. 

12. Pentilia l, Huhtikangas A, Herranen J, Eskelinen S, Mollanen O. Simul- 
taneous measurement of free and esterified fatty acids by gas chroma- 
tography from normal and type IV hyperllipoproteinaemic sera. Ann Clin 
Res 1984;18:13—17. 

13. Jauhiainen M, Laltinen M, Marnleml J, Lilpo K, Penttila J, Hietanen E. 
Preparation of soluble apolipoproteins A4, B, end C- by a 
column method, and evaluation of thelr concentrations In serum In pulmo- 

disease. Clin Chem 1983;29:1731—1735. 

14. Weltz M, Melcher A, Schlemmer G. Determination of selenium in human 


Ic-absorption spectrometric proce- 
dures. Fresemlus Z Anal Chem 1983;3 16:27 1-278. 
15. Saeed K, Thomassen ble a FJ. Direct electrothermal atomic ab- 
selenium in 


spectrometric 
1979; 110:285-289. 
16. De Leenheer AP, De Beverc VORC, Do Ruyter MGM, Claeys AE. Sirul- 
taneous determination of retinol and alpha-tocophero! In human serum by 
DEUDA liquid chromatography. J Chromatogr 1979;162:408- 
413 
17. Heller RF, Miller NE, Wheeler MJ, Kind PRN. Coronary heart disease In 
“low risk” men. Atherosclerosis 1983; 49:187-193. 
19. Wiklund O, Wilhetmeen L, Etmfeldt D, Wedel H, Valek J, Gustafson A. 
Alpha-ipo yroteln cholesterol concentration In relation to subsequent 
Infarction In hypercholesterolemic men. Atherosclerosis 
1980;37:47—53. 
19. Thompson G. Apoprotelns: determinants of Il oteIn metabolism and 
Indices of coronary risk. Br Heart J 1984;5 1:5 88. 


‘in nitroglycerin requi 
TAPIO day, p <0.05). During placebo periods, 51 





Nicardipine for Angina Pectoris at Rest and. at 
_ Coronary Arterial Spasm- a t e Mt. 


| JOHN S. GELMAN, MB, ROBERT L. FELDMAN, MD, ELIZABETH SCOTT, RN, 
ird i. PEPINE, MD 


The àntlischemic effects and safety of nicardipine 


. were assessed In 17 patients with angina at rest and . 


coronary arterlal spasm irí a randomlzed placebo- 
controlled study over. 8 to 13 weeks. Eleven patients 


. had previously had unsatisfactory results with 


long-acting nitrates or other calcium blockers. The 


. average dally dosage of nicardipine for optimal 
angina relief was 89 mg (range 40 to 160). During | 
the double-blind phase, angina frequency decreased | 

` with nicardipine compar 


ed with placebo (mean 0.47 
vs 2.11 attacks/day, p day. p «0. 05). A similar decrease 
rements occurred (0.51 vs 2.77 


Nifedipine and other 1,4- dihydropyridine calcium 
. blockers are potent vasodilators that have relatively 
more effect on vascular tone than on cardiac contrac- - 


tility, pacemaker function or impulse conduction.! Al- 


though the efficacy of nifedipine in patients with angina 
is established, adverse effects are frequent? and often . 
necessitate withdrawal, dose reduction of combination ` 


therapy (another calcium antagonist or long-acting ni- 
trate) for adequate control of angina. Worsening of 
angina during nifedipine treatment has also been re- 
ported.*5 In addition, nifedipine has a relatively short 
half-life, often requiring dosing at 6-hour intervals and 
is unstable and insoluble in solution, which limits its 


parenteral use. Recently, many dihydropyridine de- 
- rivatives, including nicardipine, have been synthesized. 


Structural substitutions (Fig. 1) resulted in differences 
in pharmacokinetic, vasodilatory, negative inotropic 
and selectivity properties.9 Nicardipine appéars to be 
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episodes of ischemic ST-segment shifts occurred | 


during 482 hours of ambulatory electrocardiographic |. 
monitoring and 12 (2496) were associated. with 


angina. During nicardipine treatment, only 15 epi- 


sodes of/ST-segment shifts occurred during 498 


` hours of monitoring. In 1 patient a burning skin rash 


developed; otherwise, the drug was generally well 
tolerated. Thus, nicardipine is effective and safe In 


preventing symptomatic and asymptomatic ische- 


mia in patients with coronary spasm. It may be 
particularly beneficial in patients with unsatisfactory 
responses to other therapy. 

| (Am J Cardiol 1985; 56:232- 236) 





_ a potent vasodilator with a longer plasma half-life than `` 


nifedipine. 78 Tt is being investigated for treatment of 
angina during effort and at rest, hypertension and cer- 
ebrovascular disease. 

We studied the antiischemic effects of aicudiotei in 
patients with angina at rest and coronary artery spasm. _ 


- Dosing requirements were determined. using a single- 
blind protocol. A double-blind, randomized, placebo- - 


controlled crossover design was used to evaluate ee 
and safety. TT 


' Methods 


Patients: Twenty patients were recruited over an 18-month . 
period; however, 3 did not have enough angina attacks (3 or 
more per week) to continue to the double-blind phases. This 
report is based on data from the remaining 17 patients. All had 
ischemic cheet pain at rest or during normal daily activity that 
was relieved by sublingual nitroglycerin (NTG). None had | 


other forms of heart disease or heart failure. Pertinent clinical -- 


findings are summarized in Table I. Coronary angiography. 


during spontaneous or ergonovine- -induced angina docu- : 


mented coronary artery spasm in 15 patients. In 2 other pa- 
tients (2 and 14), coronary spasm was suspected because they 
had reversible ST-segment elevation during angina at rest — 
relieved by NTG. Coronary artery disease of hemodynamic -. 


- importance (at least 50% diameter reduction) persisting after 
.. „NTG was found in 6 patients. All at gave ee 
consent. a 


NO2 
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FIGURE 1. Structural formulas of nifedipine and nicardipine. 


Study design: No patient had taken antianginal medica- 
tions other than N'TG for at least 72 hours before the study. 
In patient 12, who had very frequent and severe episodes of 
angina at rest, topical NTG was continued at the same dosage 
throughout the study. T'he study protocol comprised 3 phases 
(Fig. 2). 

Single-blind placebo run-in (phase I): During this 14-day 
period, only patients with at least 3 attacks per week of angina 
at'rest were eligible for phase IL. If after at least 6 attacks the 
frequency and severity of angina were considered by 2 inves- 
tigators unacceptable for a patient's welfare, the patient was 
advanced early to phase II. 

Single-blind nicardipine dose titration (phase II): Ni- 
cardipine was provided in 20- and 30-mg capsules by Syntex 
Research. Treatment was initiated at 20 mg, 3 times daily. 
When necessary the dosage was increased every 3 to 7 days as 
follows: 30 mg 3 times daily, 40 mg 3 times daily, and 40 mg 
4 times daily, until the optimal dose was found. T'he optimal 
dose was considered to be the maximal tolerated dose that 
provided at least 50% reduction in frequency of angina at rest 
compared with phase I. The optimal dose was continued for 
14 days. 

Double-blind phase (phase III): Nicardipine and matching 
placebo capsules in prepackaged coded bottles were supplied 
by Syntex Research. Patients were randomly assigned to re- 
ceive either nicardipine or placebo for 14 days. Patients then 
crossed over to the alternate medication for another double- 
blind, 14-day period. The optimal dose as defined in phase II 
was used. Early advancement to the alternate medication was 
permitted if angina frequency and severity or adverse effects 
were considered unacceptable as outlined previously. 


TABLE! Clinical, Electrocardiographic and Anglographic Data 
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NICARDIPINE 
OR 


PLACEBO 
RUN-IN? 
NICARDIPINE 


2 WEEKS 2-7 WEEKS 2 WEEKS 2 WEEKS 
[2 WEEKS AT 
OPTIMAL DOSE] 


DOSE 
TITRATION 


PHASE I PHASE II PHASE III 


SINGLE - BLIND DOUBLE - BLIND 


FIGURE 2. Outline of study design. The study was organized into 
3 phases. Single- and double-blind periods and their duration are 
Indicated. 


Complete history and physical examination, electrocardi- 
ogram (ECG), complete blood count, urinalysis and serum 
chemistries were done on entry to the study, at the end of 
phase II and at the end of each period in phase III. Symptom 
responses were assessed by daily diary. Adverse effects were 
assessed by questioning at each visit. Patient compliance was 
monitored by counts of unused capsules returned at each visit. 
Ambulatory ECG responses were evaluated from calibrated, 
2-channel, 24-hour recordings made at the end of the dou- 
ble-blind placebo and nicardipine treatment periods. Two 
bipolar leads were chosen for monitoring, based upon leads 
showing ST-segment shifts in standard 12 lead ECGs done 
during angina at rest. These leads corresponded to V4 or V2 
and Vg or lead II. Recorders used were Del Mar Avionics 
Electrocardiocorder (model 445) or Holter Performer (model 
8100, Applied Cardiac Systems, Inc.). Each recorder was 
loaded with new tape and calibration and position tests re- 
corded. Each patient kept an additional diary noting time of 
symptoms and activities during recording periods. They were 
instructed to press the event marker button during attacks 
of angina. Ambulatory ECGs were analyzed without knowl- 
edge of clinical response or study treatment, according to the 
method of Nademanee et al.? An ischemic episode was defined 
as ST-segment depression or elevation of at least 1 mm from 
baseline for more than 1 minute. 


Coronary Anglography (96 Diameter Reduction) 


Duration Electrocardiogram No Angina 
Age (yr) | ofAngina —  ———— 
Pt: & Sex (yr) No Angina Angina R LAD 
1! 53/M 4 Normal ST 10 
2: 50/F 5 Normal ST 0 
3; 61/M 5 NSp ST-T ST 10 90 
4 57/M 12 HQs I-Q 0 30 
5; 57/M 10 Normal! sT] 0 70 
6, 51/M 3 Normal ST 30 20 
7 68/M 20 WPW WPW 0 
8' 64/M 9 Normal STf 10 50 
9 56/M 0.5 Norma! Normal 10 40 
10: 52/M 1.5 Normal ST 0 
11 61/M 2 Normal sr 0 10 
12 63/M 1 Normal! ST 20 20 
13 45/M 10 Normal Normal 0 
14 55/M 6 Normal ST 0 80 
15 61/M 5 Normal ST 0 75 
16 53/M 8 Normal ST 10 10 
17 67/M 7 Normal ST 0 


Angina LV Angiography 
LC R LAD LC EF % Wall Motion 
0 100 0 0 80  ihypokinesia 
0 ae 75 | Normal 
30 90 100 70 52 Normal 
0 0 99 0 78 ‘| akinesia, A hypokinesia 
0 70 70 0 68 Normal 
0 75 75 75 52 Apical, | hypokinesia 
0 50 50 80 70 Normal 
10 100 30 60 72 Normal 
0 80 99 0 67 Normal 
0 0 99 0 60 A hypokinesia 
60 0 10 100 58 Normal 
20 80 99 90 70 Normal 
20 0 90 90 ae ee 
0 ar T eds 70 A hypokinesia 
90 90 90 90 78 Normal 
0 10 95 0 70 Normal 
0 0 95 0 52  Ahypokinesia 


A = anterior; | = ue DL geal LC and R = left anterior descending, circumflex and right coronary arteries, respectively; NSp ST-T = nonspecific 


ST and T-wave changes; S ST-segment elevation; ST| = ST-se 


gment depression, WPW = Woiff-Parkinson-White abnormality. 
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TABLE I| Adverse Effects During Double-Blind Phase 


a 
` F D 
P 
t 
`a 


placebo periods was determined by the Fisher exact test. . 
Disease activity was compared for each patient. 


Placebo Nicardlplne 

No. of pts with adverse experlences 7 10 

No. of Specific adverse effects Results 
Pipini, 1 2: Adverse effects and diary findings with respect to 
Fatlgue 2 3 angina frequency and NTG consumption are summa- 
seien een : rized in Tables II and III, respectively. 
Par Pora] edema 1 5 Adverse effects: No changes in heart rate, blood 
Palpitations 0 1 pressure, ECG, complete blood count, urinalysis or 


* Adverse effect necessitated early termination of study in 1 patient. 
See text for details. 


Data analysis: At study completion, coded bottles were 
identified. Clinical responses were evaluated by analysis of 
angina frequency, NTG consumption and adverse effects. For 
each patient the mean daily number of angina attacks and 
NTG tablets used during each 14-day study period were cal- 
' culated. Values are expressed as mean + standard error of the 
mean. 

During placebo and nicardipine periods drug efficacy was 
assessed by comparison of angina frequency and NTG con- 
sumption as well as number of ischemic episodes recorded by 
, ambulatory ECG monitoring. Possible rebound increase in 
angina frequency following withdrawal of nicardipine was 
examined by comparing the first 3 days of phase III placebo 
with the remainder of the placebo period. Disease activity was 
evaluated by comparing the angina frequency and NTG 
consumption of each patient during the first and second pla- 
cebo periods, using criteria for spontaneous remission de- 
scribed previously.1? The number of patients experiencing an 
adverse effect was tabulated for both nicardipine and placebo 
- periods. Because a patient could report more than 1 adverse 
effect, the type and number of specific adverse effects were 

also tabulated. 
~The Wilcoxon matched-pairs, signed-rank-sum test was 
used to evaluate the statistical significance of differences in 
angina frequency, NTG consumption and possible rebound 
effects of drug withdrawal. A p value $0.05 was considered 
significant. The significance of differences in frequency of each 
adverse effect reported during double-blind nicardipine and 


TABLE Ill Summary of Diary Findings 


serum chemistry were found. Adverse experiences were 
reported by 10 patients during nicardipine and 7 during 
placebo treatment. Four of the 10 patients reporting 
adverse experiences during nicardipine treatment also 
reported adverse experiences with placebo. Frequency 
of specific adverse effects was similar during treatment 
with nicardipine and placebo (difference not signifi- 
cant). During the final week of phase IIT, patient 1 
complained of intolerable burning and erythematous 
skin. After breaking the code, we found that this reac- 
tion occurred during nicardipine treatment. Drug was 
stopped and symptoms cleared within 24 hours. Other 
adverse effects were minor and none necessitated early 
termination of treatment. g 
Symptom responses: Single-blind phase (phase II): 
Duration of the dose titration period ranged from 2 to 
7 weeks (mean 4). Optimal dose of nicardipine was 89 
mg, mean (range 40 to 160) (Fig. 3). This optimal dose 
was given at 8-hour intervals in 13 patients, 6-hour 
intervals in 3 patients and every 12 hours in 1 pa- 
tient. Compared with phase I placebo, angina frequency 
(94%, mean) and NTG consumption (92%) were sig- 


‘nificantly reduced during nicardipine treatment (p 


<0.01 for both) (Table IIT). 

Double-blind phase (phase III): Compared with 
placebo, angina frequency decreased 81% and NTG 
consumption declined 81% during nicardipine treat- 
ment (p «0.05 for both) (Table III). 

Consideration. of possibile rebound effects, dis- 
ease activity and clinical response: No differences 





Phase Il! 
Phase Il 

Placebo Nicardipine Placebo Nicardipine : 
PL Angina NTG Angina NTG Angina NTG Angina NTG 
1 0.73 0.07 0.00 0.00 0.50 0.00 0.75 0.00 
2 10.00 14.00 0.00 0.00 0.21 0.00 0.21 0.00 
3 1.38 1.38 0.43 0.43 0.33 0.40 0.50 0.64 
4 0.43 2.50 0.11 0.56 0.27 0.87 0.15 0.60 
5 1.78 2.36 0.77 1.31 3.70 7.00 1.77 3.08 
6 1.38 0.75 0.00 0.00 0.13 0.13 0.00 0.00 
7 0.57 0.64 0.14 0.14 0.71 0.43 0.64 0.43 
8 0.77 0.62 0.07 0.00 0.67 0.47 0.07 0.07 
9 1.40 1.30 0.36 0.21 1.07 0.57 0.80 0.67 
10 0.50 0.50 0.00 0.00 0.00 0.00 0.06 0.00 
11 2.20 2.20 0.10 0.12 1.64 1.64 0.29 0.28 
12 12.00 10.00 0.27 0.20 11.00 22.00 0.28 0.21 
13 1.80 1.80 0.07 0.00 1.57 0.43 0.44 0.44 
14 0.63 0.33 0.31 ‘0.54 0.38 0.69 0.19 0.56 
15 0.67 0.58 0.00 0.00 0.24 0.24 0.23 0.08 
18 1.07 1.29 0.00 0.00 0.53 0.26 0.00 0.00 
17 7.00 6.00 0.27 0.27 13.00 12.00 1:57 1.57 
Mean 2.60 2.71 0.16 0.22 2.11 2.77 0.47 0.51 





Angina in episodes per day. 
_NTG = nitroglycerin tablets per day. 
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in angina frequency and NTG consumption were found 
when the first 3 days of phase III placebo were com- 
pared with the remainder of the placebo period for each 
patient. During the study, however, there was, in gen- 
eral, a decrease in angina frequency and NTG con- 
sumption in the placebo phases. Mean values for angina 
frequency during the first and second placebo periods 
were 2.60 and 2.11 episodes/day, respectively. In 5 pa- 
tients (2, 3, 6, 10 and 15), angina frequency declined by 
at least 50% comparing second placebo period with the 
first and to no more than 0.25 episodes/day, suggesting 
that spontaneous remission had occurred. Of the other 
12 patients, 1 (no. 16) became asymptomatic and 7 (5, 

8, 11, 12, 13, 14 and 17) showed a 5096 or greater decrease 
in both angina frequency and NT'G consumption during 
therapy with nicardipine compared with placebo. In 4 
patients, the degree of improvement was smaller. Dur- 
ing nicardipine treatment, angina frequency was de- 
creased by 25 to 50% with placebo in 2 patients (4 and 
9) and by 1096 in patient 7. Patient 1 had a 5096 increase 
in angina frequency with nicardipine compared with 
placebo. - 

No significant differences in disease activity and 
clinical response were found comparing patients with 
and without coronary artery disease (CAD). Of the 5 
patients with spontaneous remission, 2 had severe CAD 
and 3 did not. Beneficial clinical responses to nicardi- 
pine occurred in 3 of 6 patients with CAD and in 6 of 11 
patients without CAD. Fourteen patients (82%) had had 
unacceptable control of angina or adverse effects with 
previous antianginal therapy, including long-acting 
nitrates and calcium blockers. Thus, clinical responses 
to nicardipine could not be predicted from results with 
prior drugs. 

Ambulatory ECG monitoring: From both placebo 
and nicardipine periods of phase III, ambulatory re- 
cordings technically adequate for ST-segment analysis 
were available in 14 patients. During 482 hours of re- 
cording from the placebo period, 51 ischemic episodes 
occurred and only 12 (2490) were associated with angina. 
In the nicardipine period, only 15 ischemic episodes 
occurred during 498 hours of monitoring and 2 of these 
episodes (1396) were associated with angina. 


Discussion 


Mechanism of action and pharmacokinetics: 
Despite complete and rapid absorption from the gas- 
trointestinal tract, systemic availability of nicardipine 
is relatively low owing to extensive first-pass hepatic 
metabolism.!! Although more than 90% of the drug is 
bound to plasma protein, rapid tissue distribution and 
elimination occur in vivo. After a single oral dose, peak 
plasma levels are reached in 30 to 60 minutes and mean 
plasma half-life is 1 to 1% hours.1213 However, nicar- 
dipine pharmacokinetics are nonlinear and plasma level 
and half-life depend on dose, as well as frequency and 
duration of dosing. For example, a mean plasma half-life 
of 9.1 hours (range 5.8 to 17.3) was estimated during a 
9-day study in hypertensive patients receiving nicar- 
dipine 3 times daily.!! Disproportionate increases of 
plasma drug levels were found with increasing doses, 
probably reflecting saturation of hepatic removal 
mechanisms. Steady-state plasma levels were reached 
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FIGURE 3. Optimal dally dosages of nicardipine. Mean optimal dose 
was 89 mg/day. 


after about 3 days in patients given 20 mg every 8 hours. 
Limited pharmacokinetic studies suggest that once a 
steady state is achieved, plasma levels do not tend to 
increase with long-term administration as with such 
other calcium blockers as verapamil.1^ Further inves- 
tigations, however, are clearly needed. 

Dosing results: Scant information is available re- 
garding optimal dosing of nicardipine in patients with 
angina. Hopf et all? found no improvement in exer- 
cise-induced ST-segment depression after single doses 
of 20 mg and 40 mg. À single-blind study suggested that 
20 mg 3 times daily provided moderate angina relief 
without adverse effects.16 In a preliminary report ni- 
cardipine, 40 mg, was compared with diltiazem, 120 mg, 
nifedipine, 20 mg, verapamil, 120 mg, and propranolol, 
80 mg, in chronic angina." All were administered 3 
times a day. Each drug prolonged exercise time and time 
to 1 mm of ST-segment depression. Nicardipine and 
nifedipine both increased resting and maximal heart 
rate. Another report,!? however, suggested that nicar- 
dipine given chronically produced no change in heart 
rate at rest. Two other studies suggest good control of 
hypertension with nicardipine as monotherapy using 
30 to 120 mg/day in 2 to 3 divided doses.19:1? In a small 
double-blind study,?? 40 mg of nicardipine and 20 mg 
of nifedipine produced similar effects on blood pressure, 
heart rate and systolic time intervals. 

Results of the present trial showed that most patients 
studied had a beneficial response: Angina at rest was 
either significantly reduced or prevented. Our protocol 
included a dose titration period and the optimal dose 
to control angina at rest was approximately 90 mg/day 
given in 3 divided doses. The major drawback of a dose 
titration period was the time required to find the opti- 
mal dose. This prolonged the study duration and may 
have contributed to the attenuation of angina fre- 
quency. The strength of this approach, however, is that 
it simulates the way the drug is likely to be used i in 
clinical practice. 

Previous clinical studies: To our knowledge, there 
have been no previous controlled studies specifically 
using nicardipine in patients with vasospastic angina. 
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Available studies suggest that nicardipine is generally 
well tolerated in other patient subsets with only minor 
adverse effects. These included palpitations, headache, 
flushing, pedal edema and dizziness. Slight elevation of 
serum transaminases was observed! in 1 patient during 
nicardipine treatment. In another study we observed 


.. 1 patient with effort angina who had an ischemic epi- 
sode during intravenous nicardipine infusion.^! The 


only important adverse effect observed in the present 


. study, involving patients with angina at rest and coro- 
-nary spasm, was a generalized burning erythematous 
„skin rash in 1 patient. This patient had identical 


symptoms several years previously while taking ni- 
fedipine, another dihydropyridine, but not with vera- 
pamil, a papaverine derivative. 

Predictors of response: The extent and severity of 


‘CAD did not appear to predict the response to nicar- 


dipine, but a larger series of patients would be needed 


‘to confirm this. Our patients represent a select group 
in that most had an inadequate response or unaccept- 


able adverse effects with previous antianginal medica- 


"tion. Prior drug failure; however, was not predictive of 


clinical response to nicardipine, in terms of angina relief 
or adverse effects. Nicardipine may, therefore, be ben- 


.eficial in patients with an unsatisfactory response to 
` other antianginal drugs. 


Spontaneous remission: During the course of thé 


hes study, 5 patients (29%) showed evidence of marked at- 


tenuation of angina frequency with time during placebo 
phases. Apparent spontaneous improvement of vaso- 
spastic angina has been described in other studies, 10,22-24 


. with an incidence similar to that observed in this study. 


Amelioration of angina may have resulted from reas- 


„surance provided by frequent medical attention during 


the study. Nicardipine treatment itself also may have 


“induced a remission of disease activity during initial 
: exposure in the dose titration phase. 


‘Ambulatory ECG monitoring: Ambulatory ECG 


: monitoring can provide objective noninvasive evidence 
‘of transient myocardial ischemia. This may be partic- 


: - ularly helpful in patients with coronary spasm because 
^, the unpredictability of this condition often makes ob- 


jective evaluation difficult. Ambulatory ECG moni- 


toring reveals that asymptomatic ischemic episodes are 


| very common in patients with coronary spasm” and 


in patients with angina.®° In this study, only 21% of 
episodes of ST-segment: shifts were associated with 


| -chest pain. The frequency of both symptomatic and 


asymptomatic episodes decreased with nicardipine. 
Dose titration was done to provide optimal decrease in 
" angina at rest and not electrocardiographic changes. In 
.future studies, using recently introduced real-time 
| ‘ambulatory ECG monitors, drug dose titration can be 
-. done to control both asymptomatic and symptomatic. 


manifestations of ischemia. 
| In conclusion, nicardipine appears to be safe and ef- 
fective for preventing angina at rest due to coronary 


"artery spasm in most of the patients studied. 


1. 


17. 


18. 


19. 


27. 


. Lambert CR, HIB JA, N 


. Higuchi S, Shlobara Y. Metabolic fate of nicardipine 


. Hopt R, Becker H-J, Kober G; Dowinsky S, Kallenbach M. 


: Idopoutou A, Turner P, Warrington SJ. Acute haen 


. Lambert CR, Hill JA, Feldman RL, Pepine 





References 


Fleckenstein A. Fundamental actions of calcium ol Sper He cece 
and cardiac pacemaker cell membranes. In: Weiss od. New Depen 
yon on Calcium Antagonists. Bethesda: American Physiological Society, 
198 1:59. 

HIN JA, Feldman RL, Pepine CJ, Conti CR. Randomized double-blind 
ssitepliaet of nifedipine and Isosorbide dinitrate In patlents with coronary 

. Am J Cardiol 1982;49:431-438. 

pepe Feldman RL, HRI JA, Conti CR, Mehta J, HEI C, Scott E. Clinical 
outcome after treatment of rest angina with calcium blockers: comparative 
experience during the initial year of therapy with diltlazem, nifedipine and 
il. Am Heart J 1983;106:1341— 1347. 


verapam 
. Schanzenbacher P, Seeg P, Liebau G, Kochslek K. Paradoxical angina 
documentati 


after nifedipine: anglographic on. Am J Cardiol 1984; 53: 
345-346. 


. Stone P, Muller J, Turi Z, Geltman E, Faffe AS, Brunwald E. Efficady of 


nifedipine therapy in patients with refractory angina pectoris: significance 
d the presence of coronary vasospasm. Am Heart J 1983;106:644— 
2. 


. Triggle DJ. Caicium d Now Por basic chemical and pharmacological 


aspects. in: Welss GB, ed 
thesda: American Physio cal 
WW, Feldman RL, Pepine ne CJ. Coronary and 
eemi hemodynamic effects of nicardipine. Am.J Cardiol 1985;55: 
7 


tives in Calcium Antagonists. Be- 
, 1881:1-18. - 


. Foster TS, Hamann MS, Richards VR, Bryant PJ, Graves DA, McAllister 


RQ. Nifedipine kinetics and bloavallability after single Intravenous and oral . 
doses in normal sub . J Clin Pharmacol 1983;23:161--170. 


. Nademanee K, BN, Guerrero J, Hendrickson J, Intarachok V, Baky 
AO E compact analog method for the quantification o 
and durati myocardial ischemia by sem ütomated analysis of 24-hour 


semia 
Holter ECG recordings. Am Heart J 1982;103:802-813. 
Rosenthal SJ, Ginsburg R, Lamb I, Balm DS, JS. Efficacy of 
diltiazem for control of of symptoms of coronary arterial spasm. Am J Cardiol 


1980;48:1027—1032. 

hydrochloride, a new 
vasodilator, by various ies in vitro. Xenoblotica 1980; 10:889--896. 
Satoh K, Yanagisawa T, Tara N. Mechanisms the cardiovascular 
actlon of a new dihydropyridine vasodilator, YC- In Exp Pharmacol 
Physio! 1980;7:249-262. 
Sekl T, Takenaka T. Pharmacological evaluation of YC-93, a nàw vasodi- 
lator, In healthy volunteers. Int J Clin Bloph 1977;15:267-—-274. 
McAllister RG. Clinical harmacology of slow channel blocking agents. 
Prog Cardiovasc Dis 1982;25:83-102. it 

e der 


Angina pectoris mit Calclum-Antagonisten. Herz 1 982;7:22 1-234. 


. Khurmi NS, Bowles MJ, Bala Subramanian V, Raftery B. Short and long 


term efficacy of nicardipine, assessed by placebo controlled single and 
double blind crossover trials in patients with chronic stable angina. JACC 
1984;4:908—9 17. 
Baia Subramanian V, Bowies MJ, RA dg Raftery | EB. Cornparative 
evaluation of four slow channel block lol In stable angina 
s (abstr). Circulation 1882; 352.0605 [ IH: wis be 

SH, Silke B, Ahuja RC, Oko! of nicardipine ori the blood 
préssut atest anid on ihe pressor responses 10 Cold, isometric exertion, 
T o 40 hela In hypertensive patients. J Cardiovasc Pharmacol 
Jones RI, Hornung RS, Sonecha TN, Raftery EB. The effects of a new 
calcium channel blocker nicardipine on 24 hour ambulatory blood pressure 
and the pressor response to Isometric and dynamic exercise. J Hypertension 
1983;1:85—89. 

ic effects of a 


with nifedipine. 


CJ. Myocardial lachemia during 
intravenous nicardipine administration. Am J Cardiol 1985;,56:844—845. 
Curry RC, Conti CR. Effects of diltiazem 
Ina. Am Heart J 1981; 101:7 19-725, 


new calcium antagonist, n pine, in man. À 
Br J Clin Pharmacol 1083; 15:59-65. 


. Waters DD, Bouchard A, P. , Spontaneous remission is a frequent 


outcome of varlant angina. JACC 1983;2:195—199. 


. Bott-Silverman C, Heupter FA. Natural history of e Duo coronary spasm In 


tients treated medically. JACC 1983;2:200—20 
Prchkov VK, Mookherjee S, Schiess W, Obeid AI. Varlant anginal syn- 
drome, coronary artery spasm , and ventricular fibrillation in absence of chest 
paln a gla Ann Intern Med: Med 1974; 81:858-858. 


Ine CJ, Conti CR. Ambi non EQ o to evaluate therapy 
heri in var angina patients (abstr). Circulati 979;59,60:supol Ii: 


Quazzi M, Olivari MT, Polese A, Florentini C, Magrini F. Repetitive myo- 
cardial ischemia of Prinzmetal type without angina pectoris. Am J Cardio! 
1976:37:923-927, 


28. Johnson SM, Mauriteon DR, Willerson JT, Hilils LD. A controlled trial of 
P^ al for Prinzmetal's varlant angina. N Engl J Med 1981:304:862— 


29. Distante A; Maserl A, Severi S, Blagini A, Chlerchla S. 


30. 


Management of — 
va8808 c angina at rest with continous Infusion of Isosorbide dinitrate. 
695. 539. crossover study In a coronary care unit. Am J Cardiol 1979;44: 


Schang SJ, Pe 


CJ. Transient asymp tomatic S-T segment depression 
dung dally a 


. Am J Cardlot 1977: 38:396—402. 


77 
M 


O 
O 


UTT 
lj 
oy “4 


Oe 
a3 
» n 
ANY 


AWA 
o) 
© 


" KS 


" 
"d 
f 


it 
f 
PPAR TEVERE 


Once-a-day 


Triamterene 75 mg /Hydrochlorothiazide 50 mg/Lederle 


THE FIRST AND ONLY 
REPLACEMENT FOR THE LESS 
BIOAVAILABLE TRIAMTERENE/ 
HYDROCHLOROTHIAZIDE 
FORMULATION... PROVEN 
SUPERIOR IN BIOAVAILABILITY 


Please see last page of this advertisement for brief summary of prescribing information. 





Once-a-day i "m 


Tnamterene 75 mg /Hydrochlorothiazide 50 mg/Lederle 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
prescribed dose of 75 mg triamterene and 50 mg hydrochlorothiazide. 
Dyazide®,* on the other hand, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAXZIDE. Similarly, two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet.’ 
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*Data from a study of 24 subjects. *Data from two studies of 24 subjects cach. 
PHydroDIU RIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 
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PROVIDES OPTIMAL ABSORPTION OF 


£5 MG TRIAMTERENE/ 
50 MG HYDROCHLOROTHIAZIDE 





A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 


POTASSIUM-SPARING ANTIHYPERTENSIVE THERAPY 
— FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 
— FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE DEVELOPMENT OF 
. . HYPOKALEMIA CANNOT BE RISKED 
— FOR PATIENTS TRANSFERRED FROM DYAZIDE 


In a transfer safety study, patients taking up to four Dyazide capsules daily 
were effectively transferred to MAXZIDE q.d. with no compromise in 
clinical condition 


PROVEN FORMULATION MAXIMIZES POTASSIUM- 
SPARING EFFECT OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily most 
successfully corrected the hypokalemic effect of repeated daily doses of 
50 mg bd librodhiaridc. 


Dose-response evaluation of triamterene's 

potassium-sparing activity in patients? 

rendered hypokalemic with long-term daily 
-e doses of 50 mg hydrochlorothiazide 


'Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 


Change in Serum K* from Baseline in mEq/L 


References: 1. Blume CD, Williams RL, Upton RA, et al: Bioequivalency study of 
a new tablet formulation of triamterene and hydrochlorothiazide. Am J Med 1984; 
77(5A):59-61. 2. Williams RL, Clark T, Blume CD: Clinical experience with a new 
c formulation of triamt > and hydrochlorothiazide (Maxzide) in 





patients with mild to moderate hypertension. Am J Med 1984; 77(5A):62-66. 
z Dose of Triamterene 3. Blume CD, Williams RL: A new antihypertensive agent: MAXZIDE: Am J Med 
1984; 77(5A):52-58. 
Data from a study of 49 patients. 


*Trademark of SK&F Co., Carolina, PR. 


Please see last page of this advertisement for brief summary of prescribing information. 
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ECONOMICAL, ONCE-A-DAY POTASSIUM-SPARING 
ANTIHYPERTENSIVE THERAPY 


BRIEF SUMMARY 
Please see package insert for full prescribing information. 
INDICATIONS AND USAGE: MAXZIDE is indicated for the treatment of hypertension 
or edema in patients who develop hypokalemia on hydrochlorothiazide alone. It is 
also indicated for those patients who require a thiazide diuretic and in whom the 
development of hypokalemia cannot be risked (e.g., patients on digitalis prepara- 
tions or with a history of cardiac arrhythmias, etc.). This fixed combination drug is 
not indicated for the initial therapy of edema or hypertension except in individuals 
in whom the development of h lemia cannot be risked. MAXZIDE may be used 
alone or in combination with other antihypertensive drugs such as beta-blockers. 
Since MAXZIDE may enhance the actions of these drugs, dosage adjustments may 
be necessary. Usage in Pregnancy: The routine use of diuretics in an otherwise 
healthy woman is inappropriate and exposes mother and fetus to unnecessary haz- 
ards. Diuretics do not prevent development of toxemia in pregnancy, and there is no 
satisfactory evidence that they are useful in the treatment of developed toxemia. 
RAINDICATIONS: Hyperkalemia: MAXZIDE should not be used in the presence 
of elevated serum potassium levels (greater than 5.5 mEq/liter). If hyperkalemia 
develops, this drug should be discontinued and a thiazide alone should be substi- 
tuted. Concomitant use with other potassium conserving agents such as spirono- 
lactone, amiloride HCI or other formulations containing triamterene. Concomitant 
potassium supplementation in the form of medication, potassium-containing salt 
substitute or potassium-enriched diets should also not be used. Contraindicated 
in patients with anuria, acute and chronic renal insufficiency or significant renal 
impairment. Hypersensitivity to either component separately or other sulfonamide- 
derived drugs. 
WARNINGS: Hyperkalemia. 


Abnormal elevation of serum potassium levels (greater than or equal to 5.5 
m€q/liter) can occur with all potassium conserving agents including MAXZIDE. 
Hyperkalemia is more likely to occur in patients with renal impairment, diabe- 
tes (even without evidence of renal impairment), or elderly or severely ill 





patients. Since uncorrected hyperkalemia may be fatal, serum potassium lev- 
els must be monitored at frequent intervals especially in patients first receiv- 
ing MAXZIDE, when dosages are changed, or with any illness that may 
influence renal function. 





If hyperkalemia is suspected, (warning signs include paresthesias, muscular 
weakness, fatigue, flaccid paralysis of the extremities, bradycardia and shock) an 
eere hti did (ECG) should be obtained. Monitor serum potassium levels 
because mild hyperkalemia may not be associated with ECG vy ger If hyperkale- 
mia d cde! MAXZIDE should be discontinued immediately and a thiazide alone 
should be substituted. If the serum potassium level exceeds 6.5 mEq/liter, more 
vigorous therapy is required. The clinical situation dictates the procedures:to be... 
employed. These include the intravenous administration of calciummehloride solu- 
tion, sodium bicarbonate solution and/orth&oral or parenteral administration of 
glucose with a rapid acting insulin pr Cationic exchange resins such as 
sodium polystyrene sulfonate may be orally or rectally administered. Persistent 
hyperkalemia may require dialysis. The development of hyperkalemia associated 
with potassium-sparing diuretics is agcentuated in the presence of renal impair- 
ment (see CONTRAINDICATIONS). Patients with mild renal functional impairment 
should not receive this drug without frequentand continued monitoring of serum 
electrolytes. Cumulative drug effects may be Observed in patients with impaired 
renal function. The renal clearances of hydrochlorothiazide, the pharmacologically 
active metabolite of triamterene, and the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased rin MAXZIDE 
administration to elderly patients and patients with impaired renal function. Hyper- 
kalemia has been reported in diabetic patients with the use of potassium conserv- 
ing agents even in the absence of apparent renal impairment. Avoid MAXZIDE in 
diabetic patients. If it is employed, serum electrolytes must be frequently moni- 
tored. Metabolic or Respiratory Acidosis: Potassium conserving therapy should also 
be avoided in severely ill patients in whom respiratory or metabolic acidosis may 
occur, since acidosis may be associated with rapid elevations in serum potassium 
levels. If MAXZIDE™ triamterene 75m, rochlorothiazide 50mg is em A 
frequent evaluations of acid/base balance and serum electrolytes are necessary. 
PRECAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, i.e., 
ancl ie pe hypochloremic alkalosis, hypokalemia and hypomagnesemia. 

erum and urine electrolyte determinations should be frequently performed and 
are especially important when the patient is vomiting or receiving parenteral fluids. 
Warning signs or symptoms of fluid and electrolyte imbalance include: dryness of 
mouth, thirst, weakness, lethargy, drowsiness, restlessness, muscle pains or 
cramps, muscular fatigue, hypotension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea and vomiting. 

Any chloride deficit during thiazide therapy is generally mild and usually does not 
require any specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease). Dilutional hyponatremia may occur in edematous 
patients in hot weather; appropriate therapy is water restriction, rather than admin- 
istration of salt, except in rare instances when the hyponatremia is life threaten- 
ing. In actual salt depletion, mid of replacement is the therapy of choice. 

Hypokalemia may develop with thiazide therapy, especially with brisk diuresis, 
when severe cirrhosis is present, or during concomitant use of corticosteroids, 
ACTH, amphotericin B or after prolonged thiazide therapy. However, hypokalemia of 
this type is usually prevented by the triamterene component of M. DE. 

Interference with adequate oral electrolyte intake will also contribute to hypoka- 
lemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis (e.g., increased ventricular irritability). 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creatinine 
level or both. This is probably not the result of renal toxicity but is secondary to a 
reversible reduction of the glomerular filtration rate or a depletion of the intravas- 
cular fluid volume. Periodic BUN and creatinine determinations should be made 





Hepatic Coma: MAXZIDE should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. Renal Stones: Triamterene has 
been reported in renal stones in association with other calculus components. 
MAXZIDE should be used with caution in patients with histories of renal lithiasis. 
Folic Acid Deficiency: Triamterene is a weak folic acid antagonist and may contrib- 
ute to the appearance of megaloblastosis in instances where folic acid stores are 
decreased. In such patients, periodic blood evaluations are recommended. Hyper- 
uricemia: Hyperuricemia may occur or acute gout may be precipitated in certain 
patients receiving thiazide therapy. Metabolic and Endocrine Effects: The thiazides 
may decrease serum PBI levels without signs of thyroid disturbance. 

alcium excretion is decreased by thiazides. Pathological changes in the para- 
thyroid gland with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged thiazide therapy. The common complications of hyper- 
parathyroidism such as renal lithiasis, bone resorption, and peptic ulceration have 
not been seen. Thiazides should be discontinued before carrying out tests for para- 
thyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide admin- 
istration. Hypersensitivity: Sensitivity reactions to thiazides may occur in patients 
with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thiazides 
has been reported. Drug Interactions: Thiazides may add to or potentiate the action 
of other antihypertensive drugs. 

The thiazides may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the pressor agent for thera- 
peutic use. Thiazides have also been shown to increase responsiveness to 
tubocurarine. 

Lithium, when given with diuretics, reduces renal clearance and increases the 
risk of lithium toxicity. Refer to the package insert on lithium before use of such 
concomitant therapy. 

Acute renal failure has been reported in a few patients receiving indomethacin 
and other formulations containing triamterene and hydrochlorothiazide. Caution is 
ene advised when administering nonsteroidal anti-inflammatory agents with 

Drug/Laboratory Test Interactions; Triamteréne and quinidine have similar 


fluorescence spectra; t "IDE nay interfere with the measurement of 



















quinidine. eu 4 H 

Pregnancy: Cat 2: Ihe Safeuse Of MAXZIDE in pregnancy has not been 
NS Ko [6 M Udies have not been conducted with 
MAXZIDE™ triamterene 75n dn iazide 50mg. It is also not known if 
MAXZIDE can cause fetal harm when administered to a pregnant woman or can 
affect repre duct RR Thiazides cross the placental barrier and appear in 
cord bigod. The use of thiazides in pregnant women requires that the anticipated 


benefit be weighed against possible hazards to the fetus. These hazards include 
fetal'or neonatal jaundice, thrombocytopenia, pancreatitis, and possibly other 
adverse reactions which have occurred in the adult. MAXZIDE should be given to a 
pregnant woman i dd clearly needed. 

ursing Mothers: Thiazides appear in breast milk. If the use of MAXZIDE is 
deemed essential, the patient should stop nursing. Pediatric Use: The safety and 
effectiveness of MAXZIDE in children has not been established. 
ADVERSE REACTIONS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and weak- 
ness, headache, nausea, appetite disturbance, vomiting, diarrhea, constipation, 
dizziness, decreased sexual performance, shortness of breath and chest pain, dry 
mouth, depression and anxiety. These adverse reactions are common to other 
eria iei and hydrochlorothiazide containing products. Other adverse reactions 
include: 
Hydrochlorothiazide: 

Gastrointestinal: anorexia, gastric irritation, CRI unc re (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous System: vertigo, 
paresthesias, xanthopsia. Hematologic: leukopenia, agranulocytosis, thrombocy- 
topenia, aplastic anemia, hemolytic anemia, megaloblastosis. Cardiovascular: 
orthostatic hypotension (may be aggravated by alcohol, barbiturates, or narcotics). 
Hypersensitivity: anaphylaxis, purpura, photosensitivity, rash, urticaria, necrotiz- 
ing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including 
pneumonitis. Other: hyperglycemia, glycosuria, hyperuricemia, restlessness, tran- 
sient blurred vision. 

Triamterene: 

Hypersensitivity: anaphylaxis, photosensitivity and rash, Other: Triamterene has 
been reported in renal stones in association with other calculus materials. Triam- 
terene has been associated with blood dyscrasias. Whenever adverse reactions 
are moderate to severe, therapy should be reduced or withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one tab- 
let daily with appropriate monitoring of serum potassium levels (see WARNINGS). 
Patients Aya os mg of hydrochlorothiazide who become hypokalemic may be 
transferred to MAXZIDE directly In patients requiring 5O mg of hydrochlorothiazide 
in whom hypokalemia cannot be risked, therapy may be initiated with MAXZIDE. 
There is no clinical experience with doses exceeding one tablet daily. 
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Digital Coronary Roadmapping as an Aid 
. for Performing Coronary Angioplasty 


JONATHAN TOBIS, MD, WARREN D. JOHNSTON, MD, STEVE MONTELLI, RT, 
EUNICE HENDERSON, LVN, WERNER ROECK, Eng Grad, BRUCE BAUER, PhD, 
ORHAN NALCIOGLU, PhD, and WALTER HENRY, MD 


In an attempt to improve visualization of the position 
of the guidewire and dilatation balloon during cor- 
onary angioplasty, a method was developed called 
digital coronary roadmapping. With this method a 
digitally acquired coronary anglogram is interlaced 
with the live fluoroscopic image of the guidewire and 
balloon catheter. The digital coronary angiogram Is 
superimposed at the same magnification and ra- 


One of the major advances in the performance of per- 
cutaneous transluminal coronary angioplasty (P'TCA) 
has been the development of steerable guidewires.!-9 
Although the steerable systems have improved ma- 
neuverability, there are still technical problems with 
positioning of the guidewire and dilatation balloon be- 
cause adequate visualization of the coronary arteries is 
often difficult during passage of the balloon and 
guidewire. 

In an attempt to improve the physician’s ability to 
position the guidewire and balloon during PTCA, a 
method was developed called digital coronary road- 
mapping that uses a video mixer to superimpose an 
opacified digital subtraction angiographic image of the 


coronary arteries onto the live fluoroscopic images of the. 


guidewire and balloon catheter.’ This digital image of 
the coronary anatomy thus acts as a reference or road- 
map during passage of the guidewire and balloon 
catheter to insure proper direction of the guidewire into 
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diologic projectlon as the live fluoroscopic image 
onto the video monitor above the catheterization 
table. The digital roadmap Image thus provides Im- 
mediate feedback to the angiographer to assist in 
directing the guidewlre into the appropriate coronary 
artery branch and to help in placement of the balloon 
so that It straddles the site of stenosis. 

(Am J Cardiol 1985;56:237-241) 


the desired balloon artery branch and proper placement 
relative to the stenotic site. 


Methods 


Study group: Thirty-one patients who were undergoing 
PTCA for clinically indicated reasons participated in this 
study. There were 19 men and 12 women, aged 41 to 74 years 
(mean 68). Nineteen patients had a single stenosis of a single 
artery, 4 patients had 2 arterial stenoses in the same or dif- 
ferent arteries, 6 patients had 3 stenoses and 2 patients had 
4 stenoses. Seven of the 31 patients had PTCA performed 
after recurrence of symptoms, 4 after coronary bypass surgery 
and 3 because of a restenosis after a prior angioplasty. 

Digital angiography system: For digital acquisition of 
angiograms, the x-ray exposure was transmitted from the 
image intensifier by a progressive scan camera (Hamamatsu 
Corp.) and digitized in real time into a 512 X 512 X 8-bit-deep 
pixel matrix by a commercially available digital angiography 
computer (Fischer DA-100). Digital images were obtained 
either at 8 or 30 frames/s and stored on a 480-megabyte rapid 
parallel transfer digital disk. The x-ray exposure settings 
ranged from 75 to 90 kVp at 800 mA using a Gigantos-Opti- 
matic x-ray generator. The exposure time during digital an- 
giography was 10 ms/frame. A detailed description of our 
method for obtaining selective coronary digital angiograms 
has been reported.® Digital angiograms were obtained in 
multiple projections which included 2 orthogonal projections 
as well as cranial and caudal angulated views. The digital 
angiograms were reviewed in an unsubtracted format within 


2 minutes after acquisition. 
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FIGURE 1. Photograph from the computer monitor of an unsubtracted 
digital coronary angiogram taken in the 30? right anterior oblique pro- 
jection. There is a severe stenosis in the proximal portion of the left 
anterior descending artery at the level of the septal perforator. 


Roadmap procedure: The method of obtaining the road- 
map during PTCA is illustrated in Figures 1 and 2. Before 
insertion of the dilatation catheter, baseline digital coronary 
angiograms were obtained. One end-diastolic frame was 
chosen from the projection that best delineated the stenotic 
coronary artery and demonstrated any bifurcations of nearby 
arterial branches. Figure 1 is a photograph from the computer 
monitor of a selective digital coronary angiogram obtained in 
the 30? right anterior oblique (RAO) projection. The image 
is in an unsubtracted format and demonstrates a severe ste- 
nosis of the left anterior descending coronary artery (LAD) 
at the level of the septal perforator. This digital frame was 
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FIGURE 2. The unsubtracted digital image taken at end-diastole was 
processed through the computer by mask-mode subtraction, contrast 
reversal and contrast enhancement algorithms. This isolated image of 
the native left coronary artery is called the digital roadmap and is stored 


in computer memory. 





then processed by mask-mode subtraction for use as a road- 
map (Fig. 2).9-1? This subtracted image of the coronary artery 
was processed by the computer to alter black and white levels, 
reverse contrast and vary background brightness. The pro- 
jection used to perform the coronary angioplasty was the same 
projection used to obtain the roadmap. 

Use of the roadmap: The subtracted image of the coronary 
artery to be used as the roadmap was stored in a separate 
computer memory file for rapid recall during the procedure. 
This creation of the roadmap was performed by the x-ray 
technologist while the angiographers were preparing the 
balloon dilatation system and loading it into the guidfng 
catheter. 

The digital roadmap image was recalled from computer 
memory and displayed on the computer monitor. The video 
output of the computer monitor was connected to 1 of 2 inputs 
of a video mixer (Sony SEG-1A specia! effects generator). The 
other input into the video mixer came from the television 
camera of the x-ray fluoroscopy system. The video mixer in- 
terlaced the subtracted roadmap image of the coronary artery 
with the live fluoroscopic image of the patient. The output 
signal of the video-mixed image was connected to the televi- 
sion monitor above the catheterization table. Using a switch 
on the video mixer, the live fluoroscopic image could be dis- 
played on the television monitor alone or superimposed on the 
roadmap image. The video level of the roadmap image was 
varied so that the coronary roadmap did not interfere with 
visualization of the balloon dilatation catheter and guidewire 
from the fluoroscopic image. With the interlaced digital 
roadmap image on the catheterization table monitor, the 
steerable guidewire was inserted and visualized as it passed 
over the opacified coronary image of the roadmap. 

The interlaced image of the digital roadmap and the live 
fluoroscopic image was recorded on ¥-inch videotape as the 
guidewire or balloon catheter was advanced. Figure 3 is a 
photograph from the video monitor of a still frame of the 





memory and Interlaced through a video mixer with the live fluoroscopic 
image of the heart. The roadmap digital image [s kept on the monitor 
above the catheterization table as the anglographer advances the di- 
latation guidewire and balloon. In this stop-frame image from the vid 
eotape, the guidewire (open arrows) is seen parallel to the left anterior 
descending artery and the dilatation balloon metallic markers (closed 
arrows) are seen approximating the site of the stenosis as visualized 
on the roadmap. 
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videotape during playback. Although the still-frame mode of 

demonstrating video images significantly degrades image 

quality, it is possible to see the roadmap of the native left 

coronary system (Fig. 2) superimposed on the fluoroscopic 
~~’ image of the guidewire and balloon dilatation catheter. 

Once the guidewire has been positioned in the appropriate 
D branch vessel, the dilatation balloon catheter is advanced over 

the guidewire with the roadmap as a reference until the me- 
tallic markers of the balloon are seen to straddle the coronary 
lesion. In Figure 3 the metallic markers (closed arrows) of the 
dilgtation balloon can be seen to straddle the position of the 
stenosis demonstrated on the roadmap. The postdilatation 
result is shown in Figure 4. 

Àn alternative method for using the digital roadmap tech- 
nique is illustrated in Figures 5 and 6. Figure 5 is a photograph 
of an unsubtracted digital angiogram in the 30? RAO projec- 
tion with 45? caudal angulation after injection of contrast 
material into the native left coronary artery system. Several 
regions of narrowing of the left main, LAD and circumflex 
arteries are visualized. The patient from whom this image was 

í taken had had coronary artery bypass surgery 3 months earlier 
and had recurrence of angina pectoris. Retrograde flow of 
contrast media can be seen filling the distal anastamosis of a 
saphenous view bypass graft to the obtuse marginal artery 
(arrows). There are stenoses at the anastomotic site proximal 
and distal to the insertion of the bypass graft. 

During the angiographic study, a digitally subtracted image 
was created for use as a roadmap (Fig. 6). During this PTCA, 
the guiding catheter was engaged in the obtuse marginal by- 
pass graft and the guidewire was advanced through the bypass 
graft to the anastomotic site. With the digital coronary of the 
previously injected native left coronary artery as a reference 
on the monitor, the guidewire was manipulated distally into 
the obtuse marginal artery. The dilatation balloon was ad- 
vanced over the guidewire and positioned at the anastomosis. 
The distal stenosis was dilated using the roadmap as a guide 


EE 
x 





FIGURE 4. Postangioplasty selective digltal coronary anglogram taken 
in tha 30° right anterior oblique projection with 45? of caudal angulation 
showing a significant increase in luminal diameter. 





for proper positioning of the balloon. Next, the wire was re- 
directed retrograde into the proximal native circumflex artery 
and the proximal anastomotic lesion was dilated as well as the 
proximal native circumflex artery. In this patient, the location 
of branch vessels and the position of coronary stenoses were 
visualized by the roadmap even though no catheter was in the 
native coronary artery during angioplasty to provide even 
transient opacification. 


Results 


During the period of this study (March to July 1984) 
31 patients underwent PTCA with digital coronary 
roadmapping. Angioplasty was attempted in 53 coro- 
nary artery segments. The distribution of these nar- 
rowed segments were: 2 left main, 18 LAD, 12 diagonal, 
16 circumflex and obtuse marginal, 1 ramus inter- 
medius, 9 right coronary artery, 3 posterior descending, 
and 2 bypass graft stenoses. 

Of the 53 stenotic segments that were approached 
with digital roadmapping as a guide, 48 (91%) were 
primary successes. Digital angiographic roadmapping 
was considered to be beneficial if it either helped in 
directing the guidewire into appropriate arterial 
branches or if the roadmap was useful in aligning the 
balloon directly over the coronary obstruction. Using 
this definition, digital roadmapping was found to be 
beneficial in 46 of the 48 primary successful dilatations. 
In 2 cases, the roadmap was misleading. In these cases 
the ramus intermedius and the LAD closely paralleled 





right anterior oblique projection with 45? of caudal angulation. There 
is diffuse arterial narrowing involving a long left main artery and left 
anterior descending and circumflex arteries. Note the retrograde filling 
of the aortic bypass graft to the obtuse marginal artery (arrows). Sig- 
nificant stenoses proximal and distal to the bypass anastomosis are 
visualized. 
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FIGURE 6, The digital roadmap is recalled from computer memory and 
interlaced through a video mixer with the live fluoroscopic Image of the 
heart. In this image, the dilatation catheter was inserted Into the aortic 
bypass graft to the obtuse marginal artery and the guidewire can be 
visualized (arrows) as it approaches the anastomotic site with the native 
obtuse marginal artery. The anglographer used the roadmap Image to 
help guide the dilatation wire and balloon down the distal obtuse mar- 
ginal segment and then retrogradely Into the proximal circumflex artery 
for dilatation at multiple sites, despite the absence of a catheter In the 
native artery to provide contrast visualization. 


each other in the RAO projection. The roadmap sug- 
gested that the guidewire was situated within the LAD, 
but the position of the guidewire initially was not con- 
firmed by imaging in the left anterior oblique projection. 
During the attempted dilatation, adequate contrast 
media could not be injected into the left coronary os- 
tium to adequately visualize the relative position of the 
arteries. However, when the image intensifier was 
moved into the left anterior oblique projection, it was 
apparent that the guidewire and balloon catheter were 
in the ramus branch and not the LAD. 


Discussion 


Coronary angioplasty is having a significant impact 
as an alternative to coronary artery bypass surgery for 
improving blood flow in patients with coronary ath- 
erosclerosis.!4-! * The initial recommendations were to 
perform PTCA only on proximal, 1-vessel obstructions 
in patients whose symptoms were relatively brief (less 
than 6 months).19-?! As catheter design improved and 
steerable guidewire techniques were developed, several 
groups became more aggressive in applying PTCA to 
multiple lesions in the same or different arteries, to 
distal lesions, and to lesions at arterial bifurcations.??-?? 
As with any technical procedures, the success of PTCA 
improves with the operator's experience and with im- 
provements in equipment design.?9-?? Adequate visu- 


alization of the coronary anatomy is another major area 
that affects the facility for performing PTCA. 

Several factors may cause poor opacification of the 
coronary arteries during PTCA, including difficulty 
with engaging the guiding catheter into the coronary 
ostium, back flow of contrast material through the Y 
adaptor during injection, or the high resistance to in- 
jection of contrast material when the guiding catheter 
is loaded with the dilatation balloon catheter.?9?! In 
addition, the contrast material that is injected is gnly 
transiently visualized on the fluoroscopic monitor. 
Another problem with adequate visualization is that 
prior coronary angiograms on 35-mm film frequently 
are used as a reference to guide the operator. However, 
these films are often several months old and may have 
been taken in slightly different projections than the live 
fluoroscopic images used during passage of the dilata- 
tion balloon catheter and guidewire. Furthermore, the 
cine films are visualized on a different screen in the 
catheterization laboratory and at a different magnifi- 
cation than the live fluoroscopic television monitor 
that the operator uses during the angioplasty 
procedure. 

Some of the features of digital angiography can be 
used to address these problems with coronary visual- 
ization during PTCA. The first benefit of digital ac- 
quisition of angiograms is that the images are immedi- 
ately available for review because there is no film to 
develop. During interventional angiographic proce- 
dures, immediate recall of angiograms is critical in 
making decisions concerning the effects of the inter- 
vention and in deciding if additional procedures should 
be performed. The second advantage of digital acqui- 
sition is with the images can be manipulated within the 
computer to enhance visualization of the coronary ar- 
teries that such processes as mask-mode subtraction, 
edge enhancement and digital magnification. In addi- 
tion, quantitative analysis of atherosclerotic luminal 
narrowing can be performed before and after PTCA to 
quantify the angiographic results of the intervention 
while the patient is still in the laboratory.?? The third 
advantage of digital acquisition is that the enhanced 
images can be stored in a computer memory for rapid 
recall during the intervention procedure. 

The use of digitally acquired images as a visual aid 
in transluminal angioplasty was initially described 
for peripheral artery stenoses by Crummy et al.33-34 
Roadmapping during peripheral artery angioplasty is 
somewhat simpler because the artery is relatively sta- 
tionary during the procedure. Correct positioning of the 
dilatation catheter may be more difficult during coro- 
nary angioplasty because of the translational motion of 
the artery during the cardiac cycle. In the present study, 
the roadmap used was a digital subtraction image of the 
coronary artery that was obtained at end-diastole. The 
roadmap was recalled from computer memory and 
mixed with the live fluoroscopic image of the heart. On 
this composite live image, the guidewire could be ob- 
served as it was advanced to follow the opacified image 
of the coronary arteries. This method was very useful 
during the manipulation of the guidewire into the cor- 
rect branch of the artery to be dilated. The roadmap also 
gave the angiographer immediate feedback concerning 
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the position of the balloon relative to the stenotic seg- 
ment during advancement of the dilatation balloon. The 
process of interlacing the digital roadmap image with 
the live fluoroscopic image so that both images were 
visualized on the same screen and at the same magni- 
fication is an important advantage over previous 
imaging techniques. 

In this series of 31 cases, digital angiographic road- 
mapping was found to be beneficial in directing the 
guidewire and correctly placing the dilatation balloon 
in 46 of 48 primary successful dilatations. Difficulties 
were encountered with the roadmapping procedure in 
2 patients. In these patients, the roadmap incorrectly 
suggested to the angiographers that the guidewire had 
been successfully passed into the LAD. Thus, although 
the roadmap is a useful adjunct to angioplasty, other 
means of identifying anatomy and checking the position 
of the dilatation system should be performed. 

Another problem with the roadmapping technique 
is misregistration between the image used to form the 
roadmap and the live fluoroscopic image. During real- 
time fluoroscopic monitoring, the guidewire and balloon 
dilatation catheter move with the epicardial artery 
during the cardiac cycle. Because the roadmap is taken 
from an end-diastolic frame, when cardiac motion is 
relatively stable, there is misregistration of the roadmap 
and live fluoroscopic image throughout all but the 
end-diastolic portion of the cardiac cycle. Despite 
misregistration, the roadmap was useful because the 
brief alignment of the roadmap and live fluoroscopic 
image at end-diastole provided sufficient visualization 
of the position of the guidewire and balloon relative to 
the roadmap. As computer technology improves, it 
should be feasible to continuously update the digital 
roadmap throughout the cardiac cycle using electro- 
cardiographically gated coronary images. 

In summary, digitally processed coronary angiograms 
can provide a guide, or roadmap, of coronary anatomy. 
The digital angiogram roadmap is obtained at the same 
magnification, and interlaced on the same television 
monitor as the live fluoroscopic image of the heart. This 
roadmap serves as a reference for positioning the steer- 
able guidewire into specific coronary branches. In ad- 
dition, the roadmap facilitates the alignment of the 
dilatation balloon relative to the stenotic segment. 
Based on our experience with this method, we believe 
that digital coronary roadmapping is a helpful adjunct 
to coronary angioplasty. Although highly experienced 
angioplasty physicians who have performed several 
hundred angioplasty procedures may not benefit from 
this method, the angiographers who have performed 
fewer procedures may well find that this method im- 
proves their success rate of performing transluminal 
coronary angioplasty. 
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Efficacy of Calcium Channel Blocker Therapy for Angina 
Pectoris Resulting from Small-Vessel Coronary Artery . 
Disease and Abnormal Vasodilator Reserve 


RICHARD O. CANNON, lll, MD, RITA M. WATSON, MD, DOUGLAS R. ROSING, MD, 
and STEPHEN E. EPSTEIN, MD 


Abnormal vasodilator reserve of the coronary mi- 
crocirculation is a frequent mechanism of angina 
pectoris In patients with angiographically normal 
coronary arteries. To assess the effect of calclum 
channel blocking agents on symptoms and exercise 
capacity, 26 patients shown to have angina pectoris 
because of abnormally small! coronary arteries and 
limited vasodilator reserve underwent randomized, 
double-blind, placebo-controlled outpatient study, 
with 1 month for each period. An unblinded lead-in 
phase determined the best dose of verapamil (17 
patients) or nifedipine (9 patients). Exercise testing 
using bicycle ergometry was performed at the end 
of each period. Four patients Interrupted the placebo 
period and 1 patient interrupted both placebo and 
drug period because of frequent and severe chest 
paln. While recelving calcium channel blocker 
drugs, patlents who completed both phases of the 
study recorded fewer episodes of angina (21 + 21 
vs 35 + 27, p <0.001) and consumed fewer nitro- 
glycerin tablets (23 + 27 vs 41 + 50, p <0.001) than 


Patients with angina pectoris found to have angio- 
graphically normal or near-normal coronary arteries 
present a management dilemma to the clinician. Keas- 
surance of a probable noncardiac origin and good 
prognosis often does little to relieve symptoms.'? We 
recently reported that many patients have inadequate 
coronary vasodilator responses to pacing, resulting in 
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during the placebo perlod. Exercise duration was 
Slightly but significantly prolonged (278 + 129 vs 
231 + 136 seconds, p <0.025) during drug treat- 
ment compared with placebo, and significantly 
fewer patients terminated exercise with chest pain 
while receiving drug treatment. Subjectively, 22 of 
26 patients felt better on the calcium channel 
blocker than on placebo. Thus, calcium channel 
blocker therapy appears to be beneficial In con- 
trolling angina and improving exercise tolerance In 
patients with angina pectoris resulting from abnor- 
mally small coronary arterles and limited vasodilator 
reserve. However, in a few patlents angina did not 
improve and others continued to experience some 
chest pain on calcium channel blocker therapy. 
Thus, although these drugs are extremely helpful in 
the management of most patients with the syn- 
drome, there may be additional causes for limitatlon 
in vasodilator reserve that are resistant to calcium 
channel blockers. 

(Am J Cardiol 1985;56:242-246) 


myocardial ischemia. These coronary flow abnormalities 
were often precipitated or exacerbated by vasocon- 
strictor influences and, hence, were dynamic in nature 
even in the absence of significant alteration of epicardial 
coronary artery luminal dimension.?^ Patients with 
limited vasodilator reserve because of small-vessel 
coronary artery disease often can be identified because 
of abnormal left ventricular function during exercise as 
assessed by gated blood pool scintigraphy.? Because 
calcium channel blockers are potent arterial vasodila- 
tors of both the coronary and systemic circulation,® 
these agents were used in a randomized, double-blind, 
placebo-controled outpatient study to assess their 
clinical efficacy on the control of symptoms and exercise 
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capacity in patients with angina pectoris resulting from 
abnormal small coronary arteries and dynamic limita- 
tion in vasodilator reserve. 


Methods 


Background: Between August 1982 and May 1984, 38 
patients were admitted to the Clinical Center, National In- 
stitutes of Health, for evaluation of chest pain syndromes 
despite angiographically normal coronary arteries. Only pa- 
tients with entirely normal epicardial arteries, as assessed 
independently by 2 experienced observers, were eligible for 
participation in this study. No patient had systemic hyper- 
tension or myocardial or valvular heart disease. 

The clinical characteristics of these patients, a description 
of the pacing coronary flow study with the use of ergonovine 
as a vasoconstrictor agent, and the results of the study, have 
been reported previously for most patients who participated 
in this drug study.* Briefly, the patients identified as having 
abnormal vasodilator reserve were those who had typical an- 
ginal pain during rapid atrial pacing before or after adminis- 
tration of ergonovine 0.15 mg intravenously. The patients with 
chest pain had, in response to pacing, a significantly smaller 
increase in coronary blood flow as estimated by great cardiac 
vein flow using the thermodilution method,^8 a smaller de- 
crease in calculated coronary resistance, and less lactate 
consumption than patients who had no chest pain. Because 
there was no significant change in the diameter of the epi- 
cardial coronary arteries as assessed angiographically after 
0.15 mg of ergonovine, our hypothesis is that the coronary flow 
abnormalities represent an inappropriate vasodilator reserve 
of vessels too small to be imaged angiographically. Further, 
this abnormality appears to be dynamic in that it is unmasked 
or exacerbated by ergonovine during the stress of rapid atrial 
pacing. Although lactate production supportive of severe 
ischemia was uncommonly seen, lactate consumption during 
rapid atrial pacing was significantly lower in patients who had 
chest pain, suggesting nontransmural and probably relatively 
modest myocardial ischemia.? 

We previously reported that many of these patients had 
abnormalities of left ventricular diastolic function at rest, and 
most had abnormal systolic function during exercise; with 
either an abnormal ejection fraction response to exercise or 
development of wall motion abnormalities as assessed by 
gated blood pool scintigraphy.5 

Exercise testing: During the same hospitalization as the 
catheterization coronary flow study, patients were exercised 
on a Godart bicycle ergometer in the upright position using 
a National Institutes of Health protocol.!1? A constant speed 
was maintained with pedal resistance increased until the onset 
of typical angina pectors or, if angina did not occur, fatigue 
or shortness of breath sufficient to preclude further exercise. 
À minimum of 2 exercise tests were performed at least 48 
hours after discontinuation of all medications to document 
the reproducibility of exercise endpoints. The workload was 
increased 20 W every 3 minutes, and the beginning loads were 
adjusted individually so that each patient reached the end- 
point between 3 and 6 minutes after starting. Starting loads 
ranged from 40 to 120 W (median 80). 

Standard 12-lead electrocardiograms were recorded con- 
tinuously during exercise and for 5 minutes after completion. 
ST-segment changes from baseline were measured at 0.08 
second after the J point of the QRS complex; only horizontal 
or downsloping ST depression of at least 1 mm was considered 
significant. During the randomized drug study, arterial blood 
pressure was continuously measured using a 20-gauge Teflon® 
catheter in the left brachial artery, connected to a Statham 


P23Db pressure transducer. The arterial blood pressure was 
recorded continuously on a Hewlett-Packard 7758A multi- 
channel strip-chart recorder. 

Outpatient drug study, open label phase: All 30 patients 
identified as having abnormal vasodilator reserve were dis- 
charged with either verapamil or nifedipine. The purpose of 
this phase of the study was to find an efficacious calcium 
channel blocker with no side effects to minimize the possibility 
of detection of drug during the blinded portion of the study. 
Most patients were initially treated with verapamil, starting 
at a dose of 80 mg 4 times daily (qid) with titration upward or 
downward depending on the patient’s subjective response to 
the drug with respect to control of chest pain and side effects. 
Patients were placed on bran supplement to prevent consti- 
pation. In 9 patients verapamil treatment was discontinued 
either because of side effects (3 patients) or inability of the 
drug to control chest pain frequency (6 patients); in these 
patients nifedipine therapy was instituted. In 4 other patients 
nifedipine treatment was started as initial calcium channel 
blocker therapy. In all patients receiving nifedipine, the dose 
was initiated at 10 mg qid and titrated upward to a maximum 
of 40 mg qid in an attempt to control chest pain with a mini- 
mum of side effects. 

Of the 30 patients eligible to participate in the randomized, 
blinded portion of the drug study, 4 did not participate be- 
cause neither verapamil nor nifedipine substantially con- 
trolled angina (3 patients) or because of significant side effects 
with either drug (1 patient). Thus, 26 patients participated 
in the randomized phase of the study and represent a con- 
secutive series. There were 11 men and 15 women, aged 38 to 
64 years (mean 53). This study was approved by the Institu- 
tional Subpanel for Clinical Research, National Heart, Lung, 
and Blood Institute, and all patients gave informed con- 
sent. 

Outpatient drug study, blinded phase: T'he study had a 
double-blind, placebo-controlled, crossover design, with pa- 
tients randomized to receive either drug or an identically 
prepared placebo, each for 28 days on an outpatient basis. The 
drug and dosage used were determined from the unblinded 
lead-in phase: 17 patients received verapamil, 40 to 160 mg 
qid (mode 80) and 9 patients received nifedipine, 10 to 30 mg 
qid (mode 10). All study medications, drug and placebo, were 
prepared in identical appearing unmarked capsules and an 
identical number of capsules were used during the drug and 
placebo phases. All study medications were taken 4 times 
daily. A diary was kept to record episodes of chest pain and 
nitroglycerin consumption. No other medications were al- 
lowed during either drug or placebo periods. At the end of each 
28-day period, patients returned to the Clinical Center for pill 
counts to assure compliance and for bicycle exercise testing. 
The diary for period 1 was obtained from the patient and a 
new diary, and the second study medication was given to the 
patient. After 2 days without receiving any medication, the 
second study medication was begun under the same guidelines 
as the first study medication, with a pill count, submission of 
diary, and exercise test performed at the end of the second 
28-day period. The patients were told that at any time during 
the study, they or their personal physicians could interrupt 
that particular study medication because of unacceptable 
chest pain and go on to the second study medication, or if 
unacceptable chest pain occurred during the second study 
medication, they could terminate their participation in the 
study. 

At the end of the study, and before unblinding of the study 
medications, the patients were asked which medication they 
preferred, taking into account subjective improvement, effort 
tolerance, chest pain frequency and side effects. 
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Statistics: All group data are reported as mean + standard 
deviation. All data were analyzed using 2-tailed Student t test 
for paired data, except the subjective responses to exericise, 
which were analyzed using chi-square analysis. 


Results 


Completion of study: Four patients interrupted the 
placebo phase because of frequent and severe chest 
pain. Two other patients required medical attention 
during the placebo phase. One patient was seen in an 
emergency room after an episode of prolonged chest 
pain but was not hospitalized and another patient was 
hospitalized because of chest pain. In neither case were 
electrocardiographic changes present, and in the case 
of the hospitalized patient, there was no enzyme evi- 
dence of myocardial infarction. In both cases, the pa- 
tients elected to continue the study. One patient in- 
terrupted the study during the drug phase (verapamil, 
80 mg qid). This patient also interrupted the study 
during the placebo phase. The reason for interrupting 
the study during both phases was frequent and severe 
chest pain. 

In part because of study design, with an open-label 
lead-in phase for drug and dose titration, side effects 
were few and never resulted in interruption of a study 
period. Seven patients had minor side effects during the 
drug period: 3 receiving verapamil (headaches, fatigue, 
lower extremity swelling, constipation), and 4 receiving 
nifedipine (lower extremity swelling, nausea). Patients 
were not asked to guess which period they thought they 
were receiving drug treatment, although the 7 patients 
with side effects reported that they thought the drug 
was responsible. However, 5 others volunteered that 
they could not tell when they were on the drug, and 2 
others guessed the drug period correctly because of less 
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FIGURE 1. Number of episodes of chest pain during the 28-day placebo 
and drug phases of the outpatient study for the 22 patients who com- 
pleted both phases. Open circies with bars reprasent mean chest pain 
frequency. 


chest pain. Twelve patients did not volunteer a guess 
with regard to the identity of the drug period. 

Diary analysis: Analysis of the diaries of the 22 pa- 
tients who completed both phases of the study showed 
that during the drug phase, patients had fewer episodes 
of chest pain (21 + 21 vs 35 + 27 episodes, p «0.001 [Fig. 
1]) and consumed fewer nitroglycerin tablets (23 + 27 
vs 41 + 50 nitroglycerin, p «0.001 [Fig. 2]) compared 
with the placebo phase. The 3 patients who interrupted 
the placebo phase only had fewer than 20 aes of 
chest pain each during the drug phase. 

When patients were asked before unblinding of the 
study during which treatment phase they subjectively 
felt better, 22 responded in favor of the study drug 
(including 5 who described side effects), 1 patient pre- 
ferred placebo and 3 had no preference. 

Exercise testing: The product of systolic blood 
pressure and heart rate, an estimate of myocardial 
oxygen demand,!! was no different at rest (11,200 + 


r—— —— p < 0.001 — ———34 
180 
160 
140 
< 
Q 
p 
A 1 
ES 20 
sal 
Ü 
c. 
8 100 
ud 
Z 
a 
O 
Sc 80 
ex 
Q 
© 
= 
; 7 TN 
40 T 
a 
20 — 
<=, 5 
tins 
PLACEBO DRUG 


FIGURE 2. Nitroglycerin consumed over 28 days of placebo or drug 
phases of the outpatient study. Open circies with bars represent mean 
nitroglycerin consumption. 


2,200 vs 10,800 + 2,300 mm Hg/min) or peak exercise 
(26,200 + 6,300 vs 25,200 + 5,400 mm Hg/min) during 
the placebo and drug phases, respectively. Of the 22 
patients who completed both phases of the study, the 
exercise duration during the drug phase was slightly but 
significantly increased (278 + 129 vs 231 + 186 seconds, 
p <0.025 [Fig. 3]), compared to the placebo phase. In 
only 2 patients did the electrocardiogram show more 
than 1 mm of horizontal or downsloping ST depression 
during exercise, and in both similar electrocardiographic 
albnermalities were seen during the drug and placebo 
exercise tests. 

Twenty-five patients underwent exercise testing 
during the drug phase and 22 during placebo treatment. 
When the subjective endpoints were analyzed, there was 
a greater frequency of chest pain as an endpoint during 
the placebo phase exercise test than during the drug 
phase exercise test, with 16 of 22 (73%) having chest pain 
during placebo phase exercise testing vs 9 of 25 (3696) 
during drug phase exercise testing (p <0.01). 


Discussion 


Several recent studies have shown that many patients 
with angina pectoris and angiographically normal cor- 
onary arteries have a limited coronary flow reserve in 
response to the stress of pacing,®?*!2 and to pharmaco- 
logic vasodilation after intravenous infusion of dipy- 
ridamole,!*-15 a potent arteriolar vasodilator.19 Further, 
this abnormality appears to be dynamic in that vaso- 
constrictor maneuvers such as cold pressor test or er- 
gohovine administration unmask or exacerbate this flow 
abnormality, especially during the stress of rapid atrial 
pacing.?* Because no significant changes have been 
noted in epicardial coronary arteries after vasocon- 
Strictor stimuli to explain those abnormalities of coro- 
nary blood flow, our hypothesis is that there is abnormal 
vasodilator capacity of coronary arteries too small to be 
reliably imaged by current angiographic techniques, 
involving either pre-arteriolar coronary arteries or ar- 
terioles themselves. Because of their coronary vasodi- 
lator properties, calcium channel blockers would 
therefore appear to be potentially efficacious in the 
management of these patients. 

Hasim et al!’ reported that chronic verapamil therapy 
improved the exercise tolerance of 2 patients with ex- 
ertional angina and normal coronary angiograms, al- 
though the mechanism of angina in these patients was 
not determined. In our study, calcium channel blocker 
therapy resulted in significant reduction (37%) in chest 
pain frequency. This also was evidenced by a reduction 
in nitroglycerin consumption of 42% in patients with 
abnormal vasodilator reserve. Calcium channel blockers 
also exerted a modest salutary effect on exercise dura- 
tion, and fewer patients reported chest pain as an ex- 
ercise endpoint. Additionally, most patients subjectively 
felt better while receiving calcium channel blocker 
therapy than during the placebo phase of the outpatient 
study. 

The mechanism of the calcium channel blocker's 
beneficial effect in patients with abnormal vasodilator 
reserve is unclear. Coronary vasodilation with increased 
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FIGURE 3. Duratlon of exercise during bicycle ergometry performed 
at the end of the 28-day placebo and drug phase of the outpatient study 
for the 22 patients who completed both phases. Open circles represent 
chest pain as an exercise endpoint and closed circles, no chest pain. 
Open circles with bar represent mean exercise duration. 


myocardial blood flow could not be involved as the sole 
cause of the mild improvement in exercise tolerance, as 
this was not associated with an increase in the pres- 
sure-rate product (an index of myocardial oxygen de- 
mandl?), which would have been expected if the drug’s 
primary mechanism of action was through coronary 
vasodilatation.18 However, there was a clear reduction 
in the frequency and severity of chest pain, which often 
occurred at night, at rest or during low levels of activity 
during the placebo phase, suggesting that dynamic 
fluctuations of microvascular coronary tone may have 
been favorably affected by calcium channel-blocking 
drugs. 

Thus, calcium channel blockers appear effective in 
reducing frequency and severity of angina and im- 
proving exercise tolerance in patients with chest pain 


resulting from abnormal vasodilator reserve. However, 


a few patients were unimproved and others continued 
to have residual chest pain even during calcium channel 
blocker therapy. Hence, although these drugs are ex- 
tremely helpful in the management of most patients 
with this syndrome, there appear to be additional rea- 
sons for limited coronary flow reserve, which are calcium 
channel blocker resistant. What these mechanisms are, 
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and whether they will be responsive to other therapeutic 
interventions, remains to be determined. 
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Effects of Coenzyme Q;9 on Exercise Tolerance in Chronic 


TADASHI KAMIKAWA, MD, AKIRA KOBAYASHI, 


| HIDEHARU HAYASHI, 


The effects of coenzyme Q,,.(CoQ,,) on exercise 
performance were studied In 12 patients, average 
age 56 years, with stable angina pectoris. The study 
involved a double-blind, placebo-controlled, ran- 
domized, crossover protocol, using multistage 
treadmill exercise tests. CoQ495(150 mg/day In 3 
daily doses) was administered orally for 4 weeks, 
tended to reduce anginal frequency from 5.3 + 4.9 
to 2. 5 + 3.3 attacks for 2 weeks and nitroglycerin 
consumption from 2.6 + 2.8 to 1.3 + 1.7 tablets for 
2 weeks compared with patients recelving the pla- 
cebo, but the reduction was not statistically slgnlf- 
Icant. Exercise time Increased from 345 + 102 
seconds with placebo to 406 + 114 seconds during 
CoQ4, treatment (p <0.05). The time until 1 mm of 
ST-segment depression occurred increased from 


MD, and NOBORU YAMAZAKI, 


Stable Angina Pectoris 


MD, TETSUO YAMASHITA, MD, 
MD 


196 + 76 seconds with placebo to 284 + 104 sec- 
onds during CoQ,, treatment (p <0.01). During the 
exercise test, ST-segment depression, heart rate 
and pressure-rate product at the same and at the 
maximal workload showed no significant difference 
between patients after placebo and CoQ4, admin- 
istration. The average CoQ- plasma concentration 
increased from 0.95 + 0.48 ug/ml to 2.20 + 0.98 
pg/ml after CoQ, treatment. This Increase was 
significantly related to the Increase in exercise du- 
ration (r = 0.68, p <0.001). Only 1 patient had a loss 
of appetite, but continued therapy. This study 
suggests that CoQ4o is a safe and promising treat- 
ment for angina pectoris. 


(Am J Cardiol 1985;56:247-251) 





Coenzyme Q1o(CoQ9), a lipid-soluble benzoquinone, 
is an essential component of the mitochondrial mem- 
brane, and an intermediate between NADH or succinate 
dehydrogenase and cytochrome b in the human mito- 
chondrial respiratory chain.L? There is evidence to 
suggest that CoQ1o may play an important role in the 
maintenance of normal heart function by regulating the 
energy metabolism of the myocardium.? À decrease in 
myocardial CoQi9 concentration was found in diseased 
human hearts,’ and depletion of CoQ1o and subsequent 
seriously impaired cardiac function has been shown 
experimentally in animals.? Exogenous applications of 
CoQ:o resulting in a reduction of myocardial injury due 
to ischemia, 677 hypoxia9? or other metabolic inhibitors? 
have also been reported. These findings suggest that 
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CoQio may be efficacious in treating patients with cor- 
onary artery disease and exertional angina pectoris. In 
this study we examined the effects of CoQ16 on exercise 
tolerance in patients with coronary artery disease using 
symptom-limited exercise tests in a random double- 
blind fashion. 


Methods 


Patients: We studied 10 men and 2 women with chronic 
stable angina. They were 45 to 66 years (mean 56), and their 
clinical characteristics are listed in Table I. All patients had 
coronary artery disease documented by coronary arteriogra- 
phy, with a stenosis of at least 7596 in 1 or more coronary ves- 
sels. In 5 patients, the myocardial infarction was an old one. 
The requirements for inclusion in this study were: (1) definite 
electrocardiographic evidence of myocardial ischemia, that 
is, 1 mm or more of horizontal or downward-sloping S T-seg- 
ment depression during the exercise test; (2) presence of a 
definable ischemic endpoint during the exercise test accom- 
panied by typical anginal pain; (8) no evidence of rest angina; 
(4) no evidence of congestive heart failure; (5) no evidence of 
valvular heart disease, cardiomyopathy or significant non- 
cardiac disease; (6) absence of conduction disturbances; and 
(7) no administration of digitalis for at least 1 month before 
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TABLE! individual Patient Characteristics 
Age (yr) 

Pt. & Sex Old MI 
1 56M Anteroseptal 
2 61M 
3 45M 
4 51M 
5 56M 
6 64F 
J 66M Inferior 
8 51M Anterior 
9 50M Inferior 

10 50M inferior 

11 56M 

12 60F 


* Left main artery = 90%. 


Coronary Anglogram (96 4 in Diameter) 
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LAD = left anterior descending coronary artery; LC = left circumflex coronary artery; MI = myocardial 
Infarction; Right = right coronary artery; — = no significant stenosis (less 25%). 


the study. Patients with unstable angina or with a myocardial 
infarction within the previous 6 months were excluded. 
No patients had severe hypertension, or hepatic or renal 
dysfunctions. 

Experimental protocol: The experimental protocol was 
for 12 weeks, divided into 3 phases of 4 weeks each. Before 
entry, all patients underwent a complete clinical evaluation 
consisting of history, physical examination, electrocardiog- 
raphy and exercise test. All patients gave informed consent 
and the project was approved by the Hospital Ethical Com- 
mittee. In phase 1, patients received a placebo in a single-blind 
fashion. At the end of this phase, the patients whose exercise 
test result was positive were randomly assigned to sequence 
group A or B. Sequence group A received a placebo 3 times 
daily for phase 2, and then 50 mg of CoQo (Eisai Co., Ltd.) 3 
times daily—-150 mg/day—for phase 3. Sequence group B 
received treatment in the reverse order (Fig. 1). All patients 
were permitted to use sublingual nitroglycerin tablets freely 
for anginal attacks, but no other cardioactive medication was 
administered. Exercise testing and blood sampling for blood 
CoQio concentrations were performed at the end of each 
phase, as was blood sampling for liver and renal function and 
blood counts. Serum drug concentrations were measured at 
the Japan Food Research Laboratories, Tokyo, using high- 
pressure liquid chromatography.!! 

Exercise testing: Exercise tests were carried out using a 
computer-assisted treadmill system (CASE) produced by 
Marquette Electronics, Inc., and modified Bruce protocol was 
used.!? The initial workload in the definitive studies was 
chosen so that each patient had angina within 3 to 9 minutes 
of commencing exercise. In 2 patients, the initial workloads 
were stage 0, and in the others, stage 1. 


PHASE I PHASE I PHASE II 

Group A | PLACEBO | 
race | — x 

Group B | CoQig Cofio 

| 150mg | 150mg 
4 weeks 
Single-blind 4 weeks 4 weeks 
Double-blind 


FIGURE 1. Study design. 


Each exercise test was performed at approximately the 
same time of day, and patients performed treadmill exercise 
only until the onset of moderate chest pain. Neither ST-seg- 
ment depression nor target heart rate was used as an indica- 
tion for stopping the test in the baseline period. If the patients 
were free of angina until the target heart rate was achieved, 
the target heart rate was used as an indication for stopping the 
test during the period of treatment. 

During exercise, the data from 3 leads (Vi, Vs and aVF) was 
continuously recorded, before, during and after exercise. The 
time from the start of exercise until 1 mm of ST-segment de- 
pression (0.08 ms from the J point) was recorded. In this study, 
lead Vs was used for ST-segment depression in all patients. 

Statistics: Statistical analysis was performed using an 
analysis of variance for randomized block design (Tukey’s 
multiple comparison). 


Results 


Effect on anginal frequency and nitroglycerin 
consumption: During the double-blind phase, anginal 
frequency and nitroglycerin consumption showed a 
tendency to decrease, but these reductions were not 
statistically significant (Table IT). 

Effects of hemodynamic measurements during 
rest and exercise: At rest, the study group showed no 
significant change in heart rate, systolic blood pressure 
or double product when taking 150 mg/day. No signif- 
icant changes were found in these variables at the same 
workload or at maximal exercise levels (Table IID. 

Exercise tolerance: CoQ), therapy significantly 
increased the treadmill exercise duration (p «0.05). The 
time required to reach a 1 mm ST-segment depression 


TABLE ll Effects of Coenzyme Qs on Angina Pectoris 
Measurement Baseline CoQ1o Placebo  p' 

Frequency of anginal 4644.1 25433 53:49 NS 
attacks per 2 weeks 

Number of nitroglycerin 2.82428 1941.7 2642.8 NS 


tablets per 2 weeks 


* The p values indicate the significance of differences between 
values obtained after CoQ; and placebo administration. 

Values are expressed as mean + standard deviation. 

CoQ = coenzyme Qo; NS = not significant. 
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TABLE Ill 
Exercise 
Baseline 

Heart rate (beats/min) 

Rest 75 + 12 

Same workload (Bruce stage |) 102 + 12 

Maximal exercise 1274+ 13 
Systolic blood pressure (mm Hg) 

Rest 1344 19 

Same workload (Bruce stage |) 142 + 24 

Maximal exercise 150 + 27 

* Double product 
(beats/min X mm Hg X 1073 

Rest 100 

Same workload (Bruce stage |) 145 

Maximal exercise 192 
ST-segment depression (mm) 

Rest 0.22 

Same workload (Bruce stage I) 1.06 

Maximal exercise 2.41 


Values are mean + standard deviation. 
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Effects of Coenzyme Q- on Hemodynamic Measurements at Rest and During 


CoQ1o Placebo 
7839 78 + 11 
99 + 11 101 x: 13 

131 x 17 130 + 18 
137 + 22 135 + 25 
149 + 24 147 + 25 
155 + 34 152 + 27 
107 + 24 103 + 25 
149 + 28 149 + 30 
206 + 64 199 + 53 
0.34 + 0.54 0.29 + 0.33 
0.74 + 0.71 0.85 + 0.55 
2.24 + 0.89 2.25 + 0.74 


No statistically significant differences were found between values after CoQ, and placebo adminis- 


tration. 
CoQ4o = coenzyme Qio- 


increased significantly with CoQio therapy (p «0.01) 
(Table IV). 

Electrocardiographic effects: CoQi delayed the 
onset of ischemic S'T-segment change (p «0.01) by 88 
seconds while patients were taking 150 mg/day of 
CoQ1o. However, no significant changes were found in 
the ST-segment depression, either at rest or with the 
same or the maximal workload while patients were 
taking CoQ or placebo (Table III). 

Blood coenzyme Q10: Blood CoQjo levels were 0.91 
+ 0.48 ug/ml in blood samples measured at the end of 
the baseline period. During the double-blind phase, 
CoQ levels increased from a mean of 0.95 + 0.48 ug/ml 
with placebo to 2.20 + 0.98 ug/ml with CoQ1o (Fig. 2) 
and were significantly related to the increase in exercise 
duration (r — 0.68, p «0.001) (Fig. 3). 

Adverse effects: No significant changes in urinalysis 
results or hematologic or biochemical profiles were 
observed, and only 1 patient reported loss of appetite, 
but this did not necessitate discontinuation of the 
therapy. 


Discussion 


The results of this study show that therapy with 150 
mg day of CoQi9 administered in 3 equal doses both 
prolongs exercise duration and delays the onset of 
ischemic S'T-segment depression in patients with stable 
angina. 


TABLE IV Effects of Coenzyme Q4, on Exercise Tolerance 


H 
Measurement 


Baseline CoGQ6o Placebo p* 
Exercise time (sec) 3404126 4064114 3454102 0.05 
Time to onset of 205+90 2844+ 104 196478 0.01 
1-mm ST 
depression 


(gec) 

* The p values indicate the significance of differences between ef- 
fects after administration of CoQ4o and placebo. 

Values are expressed as mean £ standard deviation. 

CoQ = coenzyme Qo. 


This study has several limitations. The first is related 
to the dose of CoQio used. Because this was a pilot 
study, the optimal dose of CoQ1o for the treatment of 
angina has not been clearly established. A dosage of 150 
mg/day was chosen because a preliminary phar- 
macokinetic study suggested that oral administration 
of CoQio at this dosage increased the plasma concen- 
tration of CoQ19 about 2-fold. 

The second point concerns patient selection in this 
study. The mean frequency of anginal attacks during 
the baseline period was 4.6 attacks per 2 weeks, and the 
number of nitroglycerin tablets consumed was 2.8 per 


ink 


FIGURE 2. Blood coenzyme Q4o (CoQ1o) levels. Results are expressed 
as mean + standard deviation (SD). 
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FIGURE 3. Correlation between changes in blood coenzyme Qio 
(CoQio) levels and improvements In exercise duration. Solid squares 
represent the Increased values achieved with CoQ, treatment; empty 
squares, the decreased levels on administration of the placebo. 


2 weeks. This frequency and number are lower than in 
other antianginal drug trials.!?-16 However, the aim of 
this study was to assess the response of CoQ1o to exercise 
test variables, and patients were not selected on the 
basis of anginal frequency, but on the presence of pos- 
itive, reproducible exercise tests. 

The third point concerns the study protocol. The 
protocol included no washout period between the ad- 
ministration of the active drug and the placebo or of the 
placebo and the active drug. There were no significant 
differences in exercise duration between sequence 
groups A and B. No carryover effects of the active drug 
on the exercise duration and other exercise test variables 
in the placebo period could be found. 

'The mechanism of improvement in exercise tolerance 
and relief of angina by CoQjo is incompletely under- 
stood. CoQ 1, isolated first by Crane et al,! is an essential 
component of the mitochondrial membrane and an 
important factor in the mitochondrial electron transfer 
system.? With the development of the new method for 
the determination of CoQio in small tissue samples and 
serum,!! there is increasing evidence suggesting that 
CoQ;o may play an important role in the maintenance 
of normal heart function. Decreases in myocardial 
CoQio concentration were reported in patients with 
heart failure and the depletion of CoQ19 was related to 
impairment of their cardiac function.!? 

There have been many experimental studies on ani- 
mals, related to the effects of exogenous administration 
of CoQ jo in the protection of the ischemic myocardium. 
Protection against changes in structure and function 
caused by ischemia and reperfusion was reported by 
Nayler,® who noted that CoQ1o protection was accom- 
panied by a maintenance of the oxidative phosphor- 


ylating and ATP-generating capacities of the mito- 
chrondria and an absence of Ca** overload. Naylor 
proposed that the protective effects of CoQ19 were as- 
sociated with its ability to protect membrane ultra- 
structure and could eliminate Ca** overload. Admin- 
istration of exogenous CoQ} also protected the cardiac 
muscle from deterioration of the mechanical function 
in ischemia and reperfusion.’ It was suggested that the 
improved mechanical functioning brought about by 
CoQio pretreatment was a result of better resynthpsis 
of ATP and was attributable to reduced loss of the ad- 
enine nucleotide pool from the cardiac cell. Protection 
of the mitochondrial membrane structure by CoQio 
against the action of various hydrolytic enzymes was 
reported by Kobayashi et al.18 Recently, CoQi9 offered 
protection against ischemic injury through reduction 
of free radicals of oxygen.!? 

CoQio also had protective effects against electro- 
physiologic changes during hypoxia,®? ischemia and 
reperfusion.” These protective effects were accompa- 
nied by improvements in ATP tissue levels and mito- 
chondrial function. 

'These studies suggest the possibility that exogenous 
CoQo has beneficial effects on myocardial ischemic 
changes in the metabolism and functioning of the 
human heart. However, more studies in humans are 
required to obtain a clear understanding and evaluation 
of such effects. 

Most pharmacologic agents used for the treatment 
of angina pectoris, such as B-blocking agents and ni- 
trates, alter the determinants of myocardial oxygen 
consumption in order to allow the given total body 
workload to be carried at a lower myocardial energy 
expenditure level. This study suggests that the ad- 
ministration of CoQ;o may allow the ischemic human 
heart to reach high levels of energy expenditure before 
coronary insufficiency develops. Improvement of ex- 
ercise duration and of the time to onset of ischemic 
change without any change in the double product at 
these endpoints may indicate an improvement in ex- 
ercise efficiency. The study also indicates that CoQ19 
is an effective pharmacologic agent for treating ischemic 
heart disease. Furthermore, although CoQ;o apparently 
differs from other antianginal agents, such as -blocking 
agents and Ca* * antagonists, it might be used in com- 
bination with them. 
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Early Positive Technetium-99m Stannous Pyrophosphate 
Images as a Marker of Reperfusion After Thrombolytic - 
Therapy for Acute Myocardial Infarction 


KEVIN WHEELAN, MD, CHRISTOPHER WOLFE, MD, JAMES CORBETT, MD, 
ROBERT E. RUDE, MD, MICHAEL WINNIFORD, MD, ROBERT W. PARKEY, MD, 
L. MAXIMILIAN BUJA, MD, and JAMES T. WILLERSON, MD 





Fourteen patlents with transmural acute myocardial 
Infarction (AMI) were treated with intravenous 
streptokinase a mean of 4 + 1 hours after chest paln 
and underwent technetlum-99m stannous pyro- 
phosphate (Tc-99m-PPI) Imaging 7 + 2 hours after 
the onset of chest paln. The early Tc-99m-PPi im- 
ages were obtained to test the hypothesls that an 
early, strongly abnormal Tc-99m-PPi Image 
suggests reperfusion. Eleven of 14 patients had early 
peaking (within 16 hours) serum creatine kinase 
isoenzyme levels (CK-B) at a mean of 11 + 3 hours. 
Ten of 14 patients had 3+ or 4+ acute Tc-99m-PPi 
Images. Eight of 11 patients had patent Infarct-re- 
lated vessels at cardiac catheterizatlon 15 days 
after AMI. One patient who had both an early posl- 
tive Tc-99m-PPI image and CK-B peak level had an 
occluded infarct-related artery at catheterization. 
Acute left ventricular (LV) ejection fractlon (EF) by 


Thrombolytic therapy after transmural acute myocar- 
dial infarction (AMI) represents a potential means of 
reducing infarct size. Acute cardiac catheterization and 
studies using clinicopathologic correlates have helped 
to establish the cause of most transmural myocardial 
infarcts as resulting from acute total coronary artery 
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radionuclide ventriculography was compared with 
LVEF on day 15, and improved from 0.37 + 0.13 to 
0.50 + 0.16 (p = 0.004) In the 10 patients with 
strongly positive acute Tc-99m-PPI Images. LVEF 
also improved from 0.37 + 0.12 to 0.49 + 0.15 (p = 
0.003) In the 11 patients with early peaking serum 
CK-B values. Three patients without evidence of 
reperfuslon falled to improve the LVEF from the 
initlal value to the one obtained at hospital dis- 
charge. Six control patients had acute Tc-99m-PPI 
Images 10 + 2 hours after chest paln; none had 
strongly positive acute Tc-99m-PPi images, and the 
mean time to peak CK-B was 19 + 5 hours. Strongly 
positive early Tc-99m-PPI images may be as rellable 
as early peaking CK-B in predicting successful re- 
perfusion in patients recelving intravenous strep- 
tokinase therapy for AMI. 

(Am J Cardlol 1985;56:252-256) 


occlusion, most often secondary to thrombus forma- 
tion. The efficacy of reperfusion therapy in experi- 
mental animal models appears to be directly related to 
the rapidity of restoring coronary blood flow.?4 
Therefore, it is important to have markers that identify 
early reperfusion after thrombolytic therapy. The initial 
studies with intracoronary administration of strep- 
tokinase firmly established the role of acute coronary 
angiography as the standard for assessing reperfu- 
sion.?-? Ideally, however, relatively noninvasive means 
of identifying reperfusion will be developed. Rapid ev- 
olution of electrocardiographic changes and the emer- 
gence of accelerated idioventricular rhythms were ob- 
served in reperfused experimental] animals about 50 
years ago.® Early peaking of the total serum creatine 
kinase (CK) level and its CK-MB isoenzyme have been 
shown in patients successfully treated with streptoki- 
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nase. Technetium-99m stannous pyrophosphate 

(Tc-99m-PPi) imaging is a well recognized technique 

for identifying acute myocardial infarcts. The delivery 
: of Tc-99m-PPi into the infarct is dependent on blood 
flow. We have shown in animal models that Tc- 
99m-PPi scintigrams become abnormal within 1 to 2 
hours of reperfusion after temporary coronary occlu- 
sion. 1112 The present study evaluates the relative use- 
fulness of early positive T'c-99m-PPi myocardial scin- 
tigrams compared with early peaking of serum CK-B 
isognzymel?4 for identifying reperfusion in patients 
who received intravenous streptokinase after 


transmural AMI. 


Methods 


Study patients: Twenty-eight patients (20 treated and 8 
control subjects) who satisfied 2 criteria were considered for 
entry into the study: able to receive streptokinase therapy 
within 6 hours after the onset of at least 30 minutes of severe 
substernal chest pain consistent with myocardial ischemia and 
ST-segment elevation of at least 1 mm measured 0.02 second 
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ulcer disease or inability to cooperate with the medical 
regimen. 

Protocol: After the patients gave informed consent, they 
were treated according to the following protocol. A heparin 
lock was inserted for blood sampling and 100 mg of hydro- 
cortisone was given intravenously, followed by 750,000 units 
of streptokinase, also given intravenously over 15 minutes. 
One to 2 hours after streptokinase infusion was completed, 
all patients were begun on intravenous heparin, 1,000 U/hour 
with the dose subsequently adjusted to maintain the partial 
thromboplastin time at 2 to 2.5 times normal. Heparin was 
continued until cardiac catheterization on or about hospital 
day 15. Patients with a patent infarct-related coronary artery 
at the time of cardiac catheterization were begun on warfarin 
therapy. All patients received standard postinfarction medical 
care in the coronary care unit and wards of Parkland Memorial 
Hospital, Dallas, Texas. Persistent chest pain from the pre- 
senting event was treated with morphine sulphate. New an- 
gina in the post-AMI period (more than 24 hours after ad- 
ministration) was treated first with nitrates and then 


. treatment was individualized for the specific clinical charac- 


teristics of each patient, using either a calcium channel blocker 
or -adrenergic antagonist. If 8 blockers were administered 


-$ after the J point in 2 or more leads on a standard 12-lead electively, they were not begun until after the predischarge 
electrocardiogram. Exclusion criteria were: age older than 75 radionuclide ventriculogram was recorded. 
years; pregnancy or active menstruation; terminal illness or Thirty minutes after the streptokinase infusion was com- 
advanced renal, hepatic, pulmonary disease or infections; pleted, each patient received 25 mCi of Tc-99m-PPi and un- 
severe cardiomyopathy or hemodynamically severe valvular derwent myocardial imaging 2 to 4 hours later, using tech- 
heart disease; cardiopulmonary resuscitation within the niques previously reported.!! Radionuclide ventriculography 
previous 24 hours; prior streptokinase administration; pre- was performed immediately after completion of myocardial 
vious AMI within 2 weeks; major surgical procedure within scintigraphy and was repeated on or about hospital day 15.1516 
the previous 2 weeks; totally paced rhythm or left bundle CK-B sampling was initiated at hospital admission and every 
branch block without evidence of acute inferior infarction; and hour for 4 hours, every 2 hours for 4 hours, every 4 hours for 
contraindication to acute or chronic anticoagulation, such as 64 hours, every 8 hours for 48 hours, and every 12 hours during 
a recent stroke, bleeding diathesis, recent or remote significant the remainder of the hospital stay. The B subunit of CK was 
gastrointestinal bleeding, chronic alcoholism, active peptic quantitatively measured using a radioimmunoassay tech- 
TABLE! Data Profiles for Streptokinase-Treated and Control Patients 
å- Tc-99m-PPI Time to Treatment Time to CK-B LVEF LVEF Cath 
Pt Image with STK (hr) Peak (hr) (Acute) (Discharge) (Discharge) 
Patients 
1 34- 3.5 0.42 0.54 Patent 
2 3+ 4.25 7.25 0.54 0.68 Patent 
3 3+ 4.75 13 0.27 0.35 Patent 
4 0 3 15 0.38 0.44 eon 
5 1+ 6.25 22 0.72 0.54 Occluded 
6 3+ 3.5 9.5 0.32 Q.44 Patent 
7 3+ 5 12.5 0.32 0.31 Occluded 
8 34- 5.75 12 0.53 0.52 Patent 
9 4+ 4.25 8.5 0.22 0.39 Duy 
10 2+ 5 25 0.30 0.33 Occluded 
11 4+ 3.5 15 0.53 0.70 Patent 
12 4+ 3.25 7.25 0.21 0.33 Patent 
13 2+ 3.25 23 0.34 0.26 opt 
14 4+ 2.29 11 0.37 0.73 Patent 
Time to Potential 
Treatment with 
STK 
Control Subjects 
- 1 0 3.5 18 
T 2 0 8 25 ee 
3 2+ 6 13.25 Patent 
4 0 5.75 20.75 Occiuded 
5 2+ §.0 15.5 Occluded 
8 2+ 2.75 24 oe 


CK-B = creatine kinase B isoenzyme; LVEF = 


Tc-99m-PPI = technetium-99m stannous p 


left ventricular ejection fraction; STK — streptokinase; 
te. 





FIGURE 1. Negative scintigraphic Images from a control patlent in 
whom 25 mC! of technetium-99m pyrophosphate was Injected intra- 
venously 5 hours after the onset of Inferior acute myocardial Infarction. 
Top, images in the anteroposterior (left) and 30? left anterior oblique 
(right) views. Bottom, Images in the 70° left anterior oblique (left) and 
left lateral (right) views. Blood pool activity is present In all projections, 
but there is no localized myocardial uptake. 


nique.!9?1417 The time from onset of chest pain to peak serum 
CK-B values was determined. 

Control patients: Eight control patients who satisfied the 
entry criteria underwent myocardial imaging and CK-B 
sampling. They were not given streptokinase and received 
routine post-AMI care. These patients were randomly selected 
without regard for specific clinical or historical characteristics. 
Consent for data collection was obtained. 

Statistical methods: Data are reported as the mean + 
standard deviation. A paired t test was used to assess the 
significance of differences between continuous variables. 


Results 


Patients: Of the 20 patients receiving streptokinase, 
data acquisition was complete in 14. Six patients were 
discontinued from the study: One patient had no serial 
electrocardiographic changes and enzymatic evidence 
of myocardial infarction failed to evolve. In 3 patients 
technical difficulties occurred with acute scintigraphic 
imaging. Two patients died before completion of the 
study. Nine of the 14 patients who completed the study 
had anterior myocardial infarction. The mean time to 
treatment with streptokinase was 4 + 1 hours. Eight 
patients were evaluated as controls, and data acquisition 
was complete in 6. In 1 control patient serial electro- 
cardiographic changes or enzymatic evidence of in- 
farction failed to evolve, and the patient was excluded. 
Á second control patient was receiving intravenous ni- 
troglycerin at the time of scintigraphic imaging and was 
therefore excluded. Two of the remaining 6 control 
patients had anterior AMI. The mean time to potential 
treatment with streptokinase was 5 + 1 hours. Table I 
provides data profiles for each of the patients and con- 
trol subjects. 





FIGURE 2. Strongly positive scintigraphic Images from a streptoki- 
nase-treated patient In whom 25 mCi of technetium-99m pyrophosphate 
was injected intravenously 4 hours after an anterior acute myocardial 
infarction. The format is as In Figure 1. There Is 4+ activity in the an- 
terlor and anteroseptal myocardial regions. 


Enzymatic data and pyrophosphate imaging: 
Eleven of 14 streptokinase-treated patients had serum 
CK-B peak levels between 7 and 15 hours after the onset 
of chest pain with a mean of 11 + 3 hours. A CK-B peak 
level within 16 hours was defined as early peaking 
CK-B. Three patients had CK-B peak levels at 22, 23 
and 25 hours, respectively. All patients had Tc-99m-PPi 
imaging between 5 and 11 hours after the onset of chest 
pain. T'en of 14 streptokinase-treated patients had acute 
'Tc-99m-PPi images read as 3+ or 4+ positive at a mean 
of 7 + 2 hours after the onset of chest pain. We defined 
this group of patients as having strongly positive acute 
Tc-99m-PPi images. Figures 1 and 2 are examples of 
acute Tc-99m-PPi images from control and treated 
patients. 

The 6 control patients had serum CK-B peak levels 
13 to 25 hours after the onset of chest pain (mean 19 + 
5). Te-99m-PPi imaging in the control patients was 
performed between 7 and 14 hours after the onset of 
chest pain (mean 10 + 2). No control patient had a 
strongly positive 3+ or 4+ 'T'c-99m-PPi image. Only 1 
control patient with a CK-B peak level at 15 hours had 
a positive acute T'c-99m-PP1 scan, and this was 2+ or 
faintly positive. 

Left ventricular function: The left ventricular (LV) 
ejection fraction (EF) as assessed by radionuclide ven- 
triculography performed a mean of 11 + 2 hours after 
the onset of chest pain was compared with that obtained 
a mean of 15 days after—AMI in the streptokinase- 
treated patients. Radionuclide ventriculography was 
not performed in controi patients. In the 11 patients 
with early peaking CK-B levels, mean LVEF increased 
from 0.37 + 0.12 to 0.49 + 0.15 (p = 0,003) (Table II). In 
the 10 patients with strongly positive initial Tc-99m- 
PPiimages, mean LVEF increased from 0.37 + 0.13 to 
0.50 + 0.16 (p = 0.004). 


Cardiac catheterization: Fourteen patients (11 
treated patients and 3 control subjects) consented to 
cardiac catheterization a mean of 15 days after AMI. 
Eight of 11 streptokinase-treated patients had patent 
infarct-related coronary arteries. One patient who had 
both a strongly positive acute Tc-99m-PPi image and 
early peaking CK-B level had an occluded infarct-re- 
lated coronary artery. The 2 other patients with oc- 
cluded infarct-related coronary arteries had neither 
early peaking CK-B levels nor a strongly positive acute 
Tc-99m-PPi image. Three of the control patients un- 
derwent cardiac catheterizations for clinically indicat- 
ed' reasons; 2 had occluded infarct-related coronary 
arteries. 


Discussion 


Previous work with reperfusion therapy in patients 
with AMI had focused attention on the usefulness of 
angiographically documented thrombolysis and resto- 
ration of anterograde blood flow.>’ A generally ac- 
cepted noninvasive marker of reperfusion has been the 
use of frequent sampling for CK analyses, which allows 
the differentiation of patients into those with early and 
later peaking serum CK values. Schwartz et al? treated 
27 patients with acute intracoronary streptokinase and 
19 patients were angiographically reperfused. Peak 
serum CK values were reached a mean of 16 + 4 hours 
after the onset of chest pain in patients whose peak CK 
values were less than 1,000 IU/liter and 13 + 5 hours in 
patients whose peak CK values were more than 1,000 
IU/liter. 'The 8 patients who failed to show angiographic 
reperfusion had peak serum CK values at a mean of 24 
+ 7 hours after the onset of chest pain. Similar results 
have been obtained consistently by other investiga- 
tors. It has also been shown that in patients with 
spontaneous reperfusion, there is a correlation between 
early peaking serum CK-MB values and eventual im- 
provement in LV function.191? Dog laboratory studies 
have clearly delineated the dependency between the 
time of onset of reperfusion and recovery of LV func- 
tion.54 Numerous other factors, including the initial 
mass of myocardium at risk, the presence of coronary 
collateral vessels and the magnitude of residual stenosis 
in the infarct-related artery may all be important in 
influencing both the time to peak serum CK values and 
the magnitude of improvement in ventricular function. 
Most investigators, however, agree that CK peaking 
within 16 hours after the onset of chest pain usually 
identifies patients in whom reperfusion has occurred. 

Our data support the general concept that early 
peaking of serum CK-B levels (within 16 hours) may be 
associated with improved LV function. Mean LVEF 
increased from 0.37 to 0.49 in 11 patients who satisfied 
this criterion. We believe that the use of early Tc- 
99m- PPi imaging may also identify patients who have 
undergone successful reperfusion. Ten of the 11 patients 
with early peaking serum CK-B levels had strongly 
positive (8+ or 4+) acute 'T'c-99m-PPi images, and in 
these patients LVEF improved from a mean of 0.37 to 
0.50. No patients with late peaking CK-B values had 
strongly positive early T'c-99m-PPi scans. Tc-99m-PPi 
imaging has been successfully used for more than 10 
years at our institution to identify patients with AMI 


TABLE Il Comparison of Markers of Reperfusion with Left 
Ventricular Ejection Fraction 
n LVEF (Acute) LVEF (day 15) p 
Early serum 11 0.37 £0.12 0.49 +0.15 «0.003 
CK-B peak 
3+ or 4+ 10 0.37 40.13 0.50+0.16 «0.004 
Tc-89m-PPI 
image 
CK-B = creatine kinase B isoenzyme; 


LVEF - left ventricular elec- 
tion fraction; Tc-99m-PPi = technetium-99m stannous pyrophosphate. 


and is especially helpful when other corroborating data 
are uninterpretable.?? Studies in experimental animals 
with permanent coronary occlusion have shown that 
'Tc-99m-PPi uptake does not begin in damaged myo- 
cardium until approximately 12 hours after coronary 
occlusion and progresses in intensity over the ensuing 
24 to 48 hours.?! Successful reperfusion appears to ac- 
celerate this process.ii The results of Tc-99m-PPi 
imaging in control patients are in agreement with this 
observation. At a mean of 10 hours after the onset of 
chest pain, no control patient had a strongly positive 
scan. 

Our study does not include acute catheterization 
data. However, Schofer et al?? administered 5 mCi of 
Tc-99m-PPi and 0.3 to 0.5 mCi of thallium-201 directly 
into the coronary arteries of 25 patients receiving in- 
tracoronary streptokinase. Seventeen patients had 
angiographically patent vessels and all had positive 
acute Tc-99m-PPi images. Eight patients in whom re- 
perfusion failed had negative acute Tc-99m-PPi images. 
No comparisons between 'T'c-99m-PPi images and in- 
dexes of LV function or serum CK values were made, 
nor were 'T'c-99m-PPi images graded as to intensity. In 
a separate study of 31 patients, Schofer et al^? did show 
that streptokinase-induced reperfusion resulted in 
improvement of thallium-201 defects in 18 patients and 
that in 11 of these patients there was improvement of 
regional wall motion. Methodologically, there is a dif- 
ference between intravenous and intracoronary ad- 
ministration of Tc-99m-PPi, but in general their data 
corroborate our observations. 

In conclusion, the recent proliferation of research in 
the field of reperfusion therapy for AMI has focused 
attention on detecting patients in whom successful re- 
flow to ischemically injured myocardium has occurred. 
Acute coronary angiography remains the standard for 
assessing clot thrombolysis and visual restoration of 
anterograde flow. Early CK enzyme peak levels and 
improved thallium-201 perfusion images also correlate 
with successful reperfusion. We believe that strongly 
positive acute 'T'c-99m-PP1 images may also serve as a 
marker of successful reperfusion after thrombolytic 
therapy in patients with AMI. 
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A BETA-BLOCKER THAT 
PERMITS SINGLE AGENT 
THERAPY WITHOUT 
COMPLICATIONS. 
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i E 
| ACEBUTCIOL HC 
| FOR HYPERTENSION 
i, ONO i E E RA E REG 
k Y 
- LONG-TERM CONTROL, 
— USUALLY WITHOUT 

ADDING OTHER AGENTS 

Start with one 400 mg capsule once daily. A decade of use in Europe and extensive 
_ multicenter trials in the United States! have shown that 400 mg will restore normoten- 
-Sion or produce a diastolic reduction of at least 10 mm Hg in 40% to 55% of patients. 
-Doubling the initial starting dose — to 800 mg daily — may be expected to produce * 
-this level of control in an additional 19% to 37% of patients. In occasional patients, 
-twice-daily dosage may be required for adequate 24-hour blood pressure control. 
i S NGLE AGENT CONTROL 
— WITH MINIMAL DEPRESSION 


OF HEART RATE 


Reduction of resting heart rate is minimal with SECTRAL, usually resulting in rates 

of 62 bpm to 65 bpm. 

Even at 800 mg/day the incidence of bradycardia is very low. Doses above 800 mg j 
should be avoided in elder ly patients. Reference 1. Data on file, Medical Department, Ives Laboratories, New York. i 


SINGLE AGENT THERAPY 
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ONIY SECTRAL HAS 
THIS COMBINATION OF 
PROPERTIES: 


Relatively low incidence of unacceptable CNS side effects. In over 1,000 patients 
treated with SECTRAL, the incidence of fatigue, lethargy, and tiredness was only 
~ 11%; impotence only 2%; and depression 2%. 


Minimal depression of heart rate for a very low incidence of bradycardia. 


Unsurpassed control of mild to moderate hypertension usually without adding 
other agents. 


Once-daily dosage in hypertension. 


Relatively cardioselective at recommended doses for hypertension, resulting in less 
bronchoconstriction and an incidence of cold extremities of only two patients 


per thousand. 
eye 
Hydrophilic 
r Please see last page for brief summary of prescribing information. 
< © 1985 IVES LABORATORIES 





WITHOUT COMPLICATIONS 
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SINGLE AGENT 
THERAPY WITHOUT 
COMPLICATIONS. 
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ACEBUTOLOL: HCI 


ATIONS: SECTRAL is contraindicated in: 1) | gts ne, bese icardihy 2) 
cardiogenic shock. 
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(See Warnings) 
~ WARNINGS: CARDIAC FAILURE: Sympathetic stimulation may be essential for support of the cir- 
culation in individuals with diminished myocardial contractility, and its inhibition by B-adrenergic re- 
ptor blockade may precipitate more severe failure. Although B-blockers should be avoided in overt 
liac failure, SECTRAL can be used with caution in patients with a history of heart failure who are 
mire with digitalis and/or diuretics. Both digitalis and SECTRAL impair AV conduction. If car- 
diac failure persists, therapy with SECTRAL should be withdrawn. 
J^ TIENTS WITHOUT A HISTORY OF CARDIAC FAILURE: In patients with aortic or mitral valve 
.. disease or compromised left ventricular function, continued depression of the myocardium with B- 
- blocking agents over a period of time may lead to cardiac failure. At the first signs of failure, patients 
i vould be digitalized and/or be given a diuretic and the response observed closely. If cardiac failure 
tinues despite adequate digitalization and/or diuretic, SECTRAL therapy should be withdrawn. 
i s ITHDRAWAL: Following 


i4 EXACERBAT ON OF ISCHEMIC HEART DISEASE FOLLOWING ABRUPT 
_ abrupt cessation of therapy with certain B-blocking agents in patients with coronary artery disease, ex- 
- - acerbation of angina pectoris and, in some cases, myocardial infarction and death have been reported. 
— Therefore, such patients should be cautioned against interruption of therapy without a physicians ad- 
cS . Even in the absence of overt ischemic a disease, when discontinuation of SECTRAL is 
planned, the patient should be carefully observed, and should be advised to limit physical activity to a 
- minimum while SECTRAL is gradually withdrawn over a period of about two weeks. (If therapy with an 
alternative B-blocker is desired, the patient may be transferred directly to comparable doses of another 
- agent without interruption of B-blocking therapy). If an exacerbation of angina pectoris occurs, anti- 
JJ angina Mapy should be restarted immediately in full doses and the patient hospitalized until his con- 
dition stabilizes. 
PERIPHERAL VASCULAR DISEASE: Treatment with B-antagonists reduces cardiac output and can 
-. precipitate or aggravate the symptoms of arterial insufficiency in patients with peripheral or mesenteric 
|. vasc Br disease Caution should be exercised with such patients and they should be observed closely 
— for evidence of progression of arterial obstruction. 
m" ONCHOSPASTI DISEASES: PATIENTS WITH BRONCHOSPASTIC DISEASE SHOULD, IN GEN- 
— ERAL, NOT RECEIVE A B-BLOCKER. Because of its relative Bj-selectivity, however, low doses of 
~ SECTRAL may be used with caution in patients with bronchospastic disease who do not apte to, or 
| Who cannot tolerate, alternative treatment. Since B,-selectivity is not absolute and is dose-dependent, 
the lowest possible dose of SECTRAL should be used initially, preferably in divided doses to avoid the 
— higher plasma levels associated with the longer dose-interval. A bronchodilator, such as a theophylline 
ora Ba-stimulant, should be made available in advance with instructions concerning its use. 
— ANESTHESIA AND MAJOR SURGERY: The necessity, or desirability, of withdrawal of a B-blocking 
= therapy prior to major surgery is controversial. B-adrenergic receptor blockade impairs the ability of 
ET th heart to respond to B-adrenergically mediated reflex stimuli. While this might be of benefit in pre- 
_ venting arrhythmic response, the risk of excessive myocardial depression during general anesthesia may 
be enhanced and difficulty in re-starting and maintaining the heart beat has been reported with beta- 
| blockers. If treatment is continued, particular care should be taken when using anesthetic agents which 
|... depress the myocardium, such as ether, cyclopropane and trichlorethylene, and it is prudent to use the 
- lowest possible dose of SECTRAL. SECTRAL, like other B-blockers, is a competitive inhibitor of B- 
- receptor agonists and its effect on the heart can be reversed by cautious administration of such agents 
id e.g. dobutamine or isoproterenol — see OVERDOSE). Manifestations of excessive vagal tone (e.g. pro- 
- found bradycardia, hypotension) may be corrected with atropine 1-3 mg i.v. in divided doses. 
-. DIABETES AND HYPOGIYCEMIA: B-blockers may potentiate insulin-induced hypoglycemia and 
—.. mask some of its manifestations such as tachycardia; however; dizziness and sweating are usually not 
— significantly affected. Diabetic patients should be warned of the possibility of masked hypoglycemia. 
i YRO OXICOSIS: B-adrenergic blockade may mask certain clinical signs (tachycardia) of hyperthy- 
--—. roidism. Abrupt withdrawal of B-blockade may precipitate a thyroid storm; therefore, patients sus- 
pected of developing thyrotoxicosis from whom SECTRAL therapy is to be withdrawn should be 
- . monitored closely. 
— PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
— in patients with renal insufficiency have not been performed in the U.S. Foreign published experience 
© shows that acebutolol has been used successfully in chronic renal insufficiency. Acebutolol is excreted 
—— through the G.I. tract, but the active metabolite, diacetolol, is eliminated predominantly by the kidney. 
ee There isa linear relationship between renal clearance of diacetolol and creatinine clearance. Therefore, 
the daily dose of acebutolol should be reduced by 50% when the creatinine clearance is less than 50 
. ml/min and by 75% when it is less than 25 ml/min. SECTRAL should be used cautiously in patients 
Sage ired hepatic function. 
BAS. AL has been used successfully and without problems in elderly patients in the U.S. clinical 
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jr ials without specific adjustment of dosage. However, elderly patients may require lower maintenance 


-doses because the bioavailability of both SECTRAL and its metabolite are approximately doubled in 


xt th e roup. 

~~ CLINIC AL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with the 
-. development of antinuclear antibodies (ANA). In prospective clinical trials, patients receivin 

© SECTRAL had a dose dependent increase in the development of positive ANA titers and the overal 

Bé. in pedcs was higher than that observed with propranolol. Symptoms (generally persistent arthralgias 
- and myalgias) related to this laboratory abnormality were infrequent (less than 1% with both drugs). 

7 imptoms and ANA titers were reversible upon discontinuation of treatment. 

-. INFORMATION FOR PATIENTS: Patients, especially those with evidence of coronary artery disease, 
_ should be warned against interruption or discontinuation of SECTRAL therapy without a physician's 
- supervision. Although cardiac failure rarely occurs in properly selected patients, those being treated 
— with B-adrenergic blocking agents should d» advised to consult a physician if they develop signs or 
_ symptoms suggestive of impending CHF, or unexplained respiratory symptoms. 

— Patients should also be warned of possible severe hypertensive reactions from concomitant use of a- 
. a prenersic stimulants such as the nasal decongestants commonly used in OTC cold preparations and 
nasal drops. 
_ DRUG INTER ACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an additive ef- 
B tr et when given with B-blocking agents. Patients treated with SECTRAL plus catecholamine depletors 
_ should, therefore, be observed closely for evidence of marked bradycardia or hypotension which may 
presentas vertigo, syncope/pre-syncope, or orthostatic changes in blood pressure without compensatory 
tachycardia. Exaggerated hypertensive responses have been reported from the combined use of B-ad- 
-. renergic antagonists and a-adrenergic stimulants, including those contained in proprietary cold rem- 
___ edies and vasoconstrictive nasal drops. Patients receivin B-blockers should be warned of this potential 
hazard. No significant interactions with digoxin, hydro h orotlitaside: hydralazine, sulfinpyrazone, oral 
contraceptives, tolbutamide or warfarin have been observed. 
v ARCINOGENESIS. MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity studies in 
~ rats pn mice, employing dose levels as high as 300 mp/kg/day which is equivalent to 15 times the 
— maximum recommended (60 kg) human dose, did not indicate a carcinogenic potential for SECTRAL. 
... Diacetolol, the major metabolite of SECTRAL in man, was without carcinogenic potential in rats when 


3 













tested at doses as high as 1800 mg/kg/day. SECTRAL and diacetolol were also shown to be devoid of 
mutagenic potential in the Ames Test. SECTRAL, administered orally to two generations of male and 
female rats at doses of up to 240 metke/da [jain to 12 times the maximum recommended ther- 
apeutic dose in (a 60 kg) man] and diacetolol, administered to two generations of male and female rats 
at doses of up to 1000 m day, had no significant impact on reproductive performance or@ertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been performed with 
SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 3 times the maximum 
recommended therapeutic dose in (a 60 kg) man. Studies have also been performed in these species 
with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up to 1800 mg/kg/day in rats). 
Other than a significant elevation in postimplantation loss with 450 mg/kg/day diacetolol, a level at 
which food consumption and body weight gain was reduced in rabbit dams and a non-statistically sig- 
nificant increase in incidence of bilateral cataract in rat fetuses from dams treated with 1800 mg/kg/ 
day diacetolol, there was no evidence of harm to the fetus with either drug. There are no adequate and 
well-controlled trials in pregnant women in the U.S.; however, studies have shown that both acebutolol 
and diacetolol cross the placenta. Because animal teratology studies are not always predictive of the 
human response, SECTRAL should be used during pregnancy only if the potential benefit justifies the 
risk to the fetus. 

Labor and Delivery: The effect of SECTRAL on labor and delivery ih pregnant women is unknown. Stud- 
ies in animals have not shown any effect of SECTRAL on the usual course of labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio of 7.1 
and 12.2, respectively. Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as duration 
of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from controlled clin- 
ical trials in patients with hypertension, angina pectoris, and arrhythmia. These patients received 
SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 

TOTAL VOLUNTEERED 
AND ELICITED (U.S. STUDIES) 


SECTRAL 
(N = 1002) 
% 


Hydrochloro- 
thiazide 
(N = 178) 
% 


Placebo 
(N — 314) 
To 


Propranolol 
Body System/ (N =424) 
To 


Adverse Reaction 





Cardiovascular 

Chest Pain 

Edema 
Central Nervous System 

Depression 

Sp acess 

atigue 

Headache 

Insomnia 

Abnormal dreams 
Dermatologic 

Rash 
Gastrointestinal 

Constipation 

Diarrhea 

Dyspepsia 

Flatulence 

Nausea 
Genitourinary 

Micturition 

(frequency) 
Musculoskelet 

Arthralgia 

Myalgia 
Respiratory 

ough 

Dyspnea 

Rhinitis 
Special Senses 

Abnormal Vision 2 2 3 0 

The following selected (potentially important) side effects were seen in up to 2% of SECTRAL 
patients: 
Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous System: anxiety, hyper/hy- 
poesthesia, impotence. Dermatological: pruritus. Gastrointestinal: vomiting, abdominal pain. Geni- 
tourinary: dysuria, nocturia. Musculoskeletal: back pain, joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 

The incidence of d e is sA adverse effects (volunteered and solicited) according to SECTRAL dose 
is shown below. (Data from 266 hypertensive patients treated for 3 months on a constant dose.) 
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400 mg/day 800 mg/day 1200 mg/da 

Body System (N = 132) (N =63) (N= A ; 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


—— a 
POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have been re- 
n other B-blocking agents and should also be considererd as potential adverse effects of 


Central Nervous System: Reversible mental depression progressing to catatonia (an acute syndrome char- 
acterized by disorientation for time and place), short-term memory loss, emotional lability, slightly 
clouded sensorium, and decreased performance (neuro ychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and respira- 
tory distress. 

Hematologic: Miam ecrit, non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous syndrome asso- 
ciated with the B-blocker practolol has not been reported with SECTRAL during investigational use and 
extensive foreign clinical experience. 

Keep at room temperature. Approximately 25°C (77°F). 
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CARDIAC DOPPLER 


The Cardiac Doppler system expands conventional e Detects the high velocity jets of flow through 
echocardiography by providing noninvasive assessment prosthetic valves. Detects prosthetic valve leakage. 
of flow velocities through all four heart valves. It is all you Monitors valve function over time. 
need to confirm stenotic or regurgitant valvular disease. ^ e Color spectral patterns locate and grade shunts. 
e Color spectral patterns grade the degree of valve e Displays ECG trace for time reference. Phono trace fo 
stenosis and turbulence. correlation of heart sounds with Doppler flow velocity 
e Valve cross-sectional areas can be derived from patterns. 
pressure gradient half-times. e Computes cardiac output approximation, stroke 
e Color spectral patterns grade the degree of volume and average flow. 
regurgitation. Valve prolapse is identified through the Call 1-800-334-4531 to place your order, for in-depth 
presence and timing of regurgitation. information or an on-site demonstration. 


Carolina Medical Electronics, Inc. 


P.O. BOX 307, KING, N.C. 27021 USA, TELEPHONE (919) 983-5132 
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or the protection of Lopressor 
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Safe from complications 
due to diuretic-induced Ktloss 


Unlike some diuretics, Lopressor does not waste potassium or cause 
hypokalemia which has been implicated in cardiac arrhythmias. Some diuretic 
therapy requires professional monitoring for potassium depletion. 





Excellent safety record 


Lopressor is generally well tolerated. Shortness of breath and bradycardia 
have occasionally been reported. Cardioselectivity* offers an added margin 
of safety compared to nonselective beta blockers. 





A safe bet for compliance 


The combination of once-a-day dosage and good tolerability makes 
a Lopressor regimen easy for patients to stay with. 





"Exerts a relative preference for beta-one receptors; this preference is not absolute. 


Contraindicated in heart block greater than first degree, sinus bradycardia, 
cardiogenic shock, and overt heart failure. Side effects with Lopressor are 
generally mild and transient, the most common being tiredness, dizziness, 
depression, and diarrhea. 


Please see next page for Brief Summary of Prescribing Information. 
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Lopressor &) 
metoprolol tartrate Arer: Sn 


Changing the Course of Cardiovascular Care 
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».. BRIEF SUMMARY 
| (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT) 


INDICATIONS AND USAGE 
. Hypertension 
= Lopressor tablets are indicated for the treatment of hyperten- 
= Sion. They may be used alone or in combination with other 
y -antihypertensive agents. 
= Myocardial Infarction 
= Lopressor ampuls, prefilled syringes and tablets are indicated 
in the treatment of hemodynamically stable patients with 

definite or suspected acute myocardial infarction to reduce 
" cardiovascular mortality. Treatment with intravenous 
UM a: Lopressor can be initiated as soon as the patient's clinical 
|... Condition allows (see DOSAGE AND ADMINISTRATION, 
= CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
|. . ment can begin within 3 to 10 days of the acute event (see 
= DOSAGE AND ADMINISTRATION). 
CONTRAINDICATIONS 
Hypertension 
Lopressor is contraindicated in sinus bradycardia, heart 
block greater than first degree, cardiogenic shock, and overt 
=~ cardiac failure (see WARNINGS). 
Myocardial Infarction 
' Lopressor is contraindicated in patients with a heart rate 
= < 45 beats/min; significant heart block greater than first 

= degree (P-R interval = 0.24 sec); systolic blood pressure 

< 100 mmHg; or moderate-to-severe cardiac failure 

(see WARNINGS). 


WARNINGS 

Hypertension 

= Cardiac Failure: Sympathetic stimulation is a vital compo- 
uj . nent supporting circulatory function in congestive heart 
= failure, and beta blockade carries the potential hazard of 
—. further depressing myocardial contractility and precipitating 
~- more severe failure. In hypertensive patients who have 

= Congestive heart failure controlled by digitalis and diuretics, 
= Lopressor should be administered cautiously. Both digitalis 
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- .. and Lopressor slow AV conduction. 

~. In Patients Without a History of Cardiac Failure: Contin- 
— — ued depression of the myocardium with beta-blocking agents 
| —  . over a period of time can, in some cases, lead to cardiac 

1 failure. At the first sign or symptom of impending cardiac 

-= failure, patients should be fully digitalized and/or given a 

_ diuretic. The response should be observed closely. If cardiac 
. failure continues, despite adequate digitalization and diuretic 


therapy, Lopressor should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation 
of therapy with certain beta-blocking agents, exacerba- 
tions of angina pectoris and, in some cases, myocardial 
infarction have been reported. Even in the absence of 
Overt angina pectoris, when discontinuing therapy, 


Lopressor should not be withdrawn abruptly, and pa- 
tients should be cautioned against interruption of therapy 
without the physician's advice (see PRECAUTIONS, 
Information for Patients). 


|. . . . Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
= SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
~ BETA BLOCKERS. Because of its relative beta, selectivity, 


- beta, selectivity is not absolute, a beta,-stimulating agent 
= should be administered concomitantly, and the lowest 
~ — — possible dose of Lopressor should be used. In these 
—  — Circumstances it would be prudent initially to administer 
— Lopressor in smaller doses three times daily, instead of 
= larger doses two times daily, to avoid the higher plasma 
- . levels associated with the longer dosing interval. 
~ (See DOSAGE AND ADMINISTRATION.) 
= Major Surgery: The necessity or desirability of with- 
—. drawing beta-blocking therapy prior to major surgery is 
- controversial; the impaired ability of the heart to respond to 
- reflex adrenergic stimuli may augment the risks of general 
. ... anesthesia and surgical procedures. 
-— — Lopressor, like other beta blockers, is a competitive 
—  — inhibitor of beta-receptor agonists, and its effects can be 
—. reversed by administration of such agents, e.g., dobutamine 
Or isoproterenol. However, such patients may be subject to 
| protracted severe hypotension. Difficulty in restarting and 
= Maintaining the heart beat has also been reported with beta 
= blockers. 
= Diabetes and Hypoglycemia: Lopressor should be used 
— A with caution in diabetic patients if a beta-blocking agent is 
—. . . required. Beta blockers may mask tachycardia occurring with 
= — hypoglycemia, but other manifestations such as dizziness and 
te PT. sweating may not be significantly affected. 
= Thyrotoxicosis: Beta-adrenergic blockade may mask 
= Certain clinical signs (e.g., tachycardia) of hyperthyroidism. 
C» = Patients suspected of developing thyrotoxicosis should be 
= managed carefully to avoid abrupt withdrawal of beta 
E blockade. which might precipitate a thyroid storm. 
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occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus 
heart rate in most patients; this decrease is greatest among 
patients with high initial heart rates and least among patients 
with low initial heart rates. Acute myocardial infarction 
(particularly inferior infarction) may in itself produce signifi- 
cant lowering of the sinus rate. If the sinus rate decreases 
to < 40 beats; min, particularly if associated with evidence 
of lowered cardiac output, atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
successful, Lopressor should be discontinued. and cautious 
administration of isoproterenol or installation of a cardiac 
pacemaker should be considered. 

AV Block: Lopressor slows AV conduction and may 
produce significant first- (P-R interval 20.26 sec), second-, 
or third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful. 
cautious administration of isoproterenol or installation of a 
cardiac pacemaker should be considered. 

Hypotension: |f hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related 
to congestive heart failure occurs, Lopressor should be 
discontinued. A theophylline derivative or a beta; agonist 
may be administered cautiously, depending on the clinical 
condition of the patient. Both theophylline derivatives and 
beta; agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs. and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g.. reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
Studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
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tion st e been performed in rats at doses - 
| 5 times the maxim In OD nan Hore of 450 mg 
and have revealed no evidence of impaired fertility or 


teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when Lopressoi 
is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
Hypertension 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, 
nightmares, and insomnia have also been reported, but a 
drug relationship is not clear. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpita- 
tions; and congestive heart failure have been reported. (See 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS ) 

Respiratory: Wheezing (bronchospasm) has been reported 
in fewer than 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, gastric pain, constipation, flatulence, and 
heartburn have been reported in 1 of 100, or fewer, patients. 

Hypersensitive Reactions: Pruritus has occurred in fewer 
than 1 of 100 patients. Rash has been reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Alopecia has been reported. 

The oculomucocutaneous syndrome associated with the 
beta blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 

Cardiovascular: |n the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section. the following adverse reactions were 
reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 
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SANJIV KAUL, MD, MARLA KIESS, MD, PETER LIU, MD, 
TIMOTHY E. GUINEY, MD, GERALD M. POHOST, MD, ROBERT D. OKADA, MD, 
and CHARLES A. BOUCHER, MD 


The relative value of exercise electrocardiography 
and computer analyzed thallium-201 imaging was 
compared in 124 patients with 1-vessel coronary 
artery disease (CAD). Of these, 78 had left anterior 
descending (LAD), 32 right and 14 left circumflex 
(LC) CAD. In patients with no previous myocardial 
infarction (MI), thallium imaging was more sensitive 
than the electrocardiogram (78% vs 64%, p 
« 0.01), but in patients with previous MI, sensitivity 
was similar. Further, thallium imaging was more 
sensitive only in LAD and LC disease. Redistribution 
was compared with ST-segment depression as a 
marker of ischemia. Only in patients with prior MI 
(76% vs 44%, p <0.01) and only in LC and right 
CAD did redistribution occur more often than ST 


Comparison of Exercise Electrocardiography and 
Quantitative Thallium Imaging for One-Vessel 
Coronary Artery Disease 






depression. Thallium imaging was more accurate — 
in localizing stenoses than the electrocardiogram — 
(p <0.001), but did not always correctly predict - 
coronary anatomy. Septal thallium defects were 
associated with LAD disease in 84%, inferior de- - 
fects with right CAD in 40% and posterolateral le- — 
sion defects with LC CAD in 22%. The results indi- - 
cate the overall superiority of thallium imaging in - 
1-vessel CAD compared with exercise electro 
diography; however, there is a wide spectrum of - 
extent and location of perfusion defects associated - 
with each coronary artery. Thallium imaging com- — 
plements coronary angiography by demonstrat- | 
ing the functional impact of CAD on myocardial — 
perfusion. (Am J Cardiol 1985;56:257-261) - 


et a. ——— 


One-vessel coronary artery disease (CAD) serves as a 
natural model to assess noninvasive tests used to detect 
CAD because ischemic and normal zones can be easily 
identified and localized. A baseline understanding of 
the extent and location of ischemia that can occur with 
1-vessel CAD is important when analyzing these tests 
in CAD patients with multiple stenoses.!-!! There are 
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several clinical presumptions regarding the relative 
value of exercise electrocardiography vs thallium F 
imaging that have not been clarified because too few 1 
patients have been studied or because of conflicting | 
data. These include: (1) Thallium imaging is better than — 
exercise electrocardiography for detecting CAD or 
demonstrating ischemia (ST-segment depression versus N 
thallium redistribution).9? (2) Both left circumflex Lorg 
and right CAD are less easily detected than left anterior 
descending (LAD) disease.!? (3) Thallium is more ac- : 
curate in localizing a stenosis to a particular vessel than 
the exercise electrocardiogram."-? (4) LAD disease in- 
volves a larger area of the left ventricular e 
as detected by thallium imaging than LC or right 
CAD.9!9 (5) A proximal stenosis produces a larger 
“ischemic zone” than a midstenosis.!? Š, 
The present study evaluates these problems in 124 | 
patients with 1-vessel CAD. To our knowledge, this | 
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TABLE! Clinical Charactariatics of the Patient Population 
" 
3 LAD 
DM (n — 78) 
Eo Age (yr) 51+ 10 
K | No. of men 66 (8596) 
wá Previous MI 18 (2396) 
E Peak exercise HR 133 + 26 
m. % max pred HR 73 + 15 
^ ications 
b. blocker 5 (6%) 
gr Calcium blocker 12 (15%) 
ig Nitrates 51 (65%) 
E Digoxin 9 (1296) 









- toanswer these questions. The findings are important 
because of the widespread use of coronary angioplasty, 
. particularly in 1-vessel CAD, and the need for under- 
_ standing the spectrum of noninvasive findings in this 
- setting to allow for the precise serial assessment of these 


Methods 


es One hundred twenty-four patients with 1-vessel CAD form 
_ the basis of this report and they are characterized in Table I. 
_ Seventy-eight patients had LAD disease, 14 had LC disease, 
. and 32 had right CAD. Thirty-four patients (27%) had elec- 
- trocardiographic evidence of a previous myocardial infarction 
(MD). An abnormal electrocardiogram was defined by either 
the presence of a transmural MI (0.04 second or wider Q wave) 
_or the development of ST depression during exercise. ST de- 
. pression was considered significant when it was either a hor- 
-izontal or downsloping depression of 1 mm or more or an up- 















- sloping depression of 2 mm 0.08 second after the J point. 
— ST-segment abnormalities at rest were considered inconclu- 
- sive for CAD and were excluded from analysis of exercise 
[a electrocardiograms. 
__ All subjects underwent maximal treadmill exercise testing 
Pa sing the Bruce protocol.!? At peak exercise, 2.0 mCi of thal- 
_ lium-201 was administered intravenously and initial and de- 
. layed images were acquired using previously reported 
-. methods.!?:14 
The method for analysis of the thallium images has been 
 described.!?-1^ Qualitative interpretation was based on the 


verage of 3 experienced observers. Quantitation was obtained 


_ by computer analysis. After the initial step requiring observer 
. interaction for placement of an elliptical region of interest, 
- subsequent steps of registration, realignment, background 
subtraction and determination of thallium activity in 3 
myocardial segments per view in the initial and delayed im- 
ages are automatic. Originally, we used 5 segments per view, 
but have found that the 2 basal segments have more observer 
- variability than the others. Further, omitting these segments 
_ improved specificity without a loss of sensitivity. From these 
data, regional thallium clearance and redistribution are cal- 
culated. These parameters are considered normal or abnormal 
_ based on a range of normal values defined in clinically normal 
- subjects. 
rowing of 50% or greater. A proximal stenosis was defined as 
_ one that occurred before the first septal branch of the LAD, 
_ before the obtuse marginal branch of the LC and before the 
major acute marginal branch of the right coronary artery. The 
following locations were considered to represent the middle 
_ portions of the respective coronary arteries: in the LAD distal 





LC Right CAD 

(n — 14) (n = 32) p Value 
54+ 13 51+ 10 NS 
10 (71%) 25 (78%) NS 

4 (29%) 12 (40%) NS 
130 + 32 136 + 28 NS 
73 + 14 75 + 15 NS 

0 (096) 0 (096) NS 

0 (096) 1(396) «0.05 
10 (7196) 20 (6396) NS 

0 (096) 1(3%) NS e 


CAD = coronary artery disease; HR = heart rate; LAD = left anterior descending coronary artery; LC 
= left circumflex coronary artery; MI = myocardial infarction; NS = not significant; % max pred HR = 
percent of maximal predicted HR achieved during exercise. 


to its first septal branch, in the proximal portion of the major 
diagonal branch of the LAD, in the LC distal to the major 
obtuse marginal branch, in the proximal part of the obtuse 
marginal branch, in the midportion of the right coronary ar- 
tery or in the proximal part of the posterior descending artery. 
Patients with discrete lesions localized only to the distal 
portions of the major coronary arteries were not included in 
the study. Twelve of the 124 patients had a left dominant 
coronary system. 

Statistical analysis: All data were expressed as mean + 
standard deviation. Group means were compared using 2-way 
analysis of variance (either BMDP:P7D, University of Cali- 
fornia, Los Angeles, revised 1983, or $MULTICOMPARE, 
RS/1, Bolt, Baranek and Newman). Comparison of propor- 
tions was done using McNemar’s test. For comparison of in- 
dividual leads and segments in each group, analysis of variance 
(BMDP:P2V, University of California, Los Angeles, revised 
1983) was used. 


Results 


Sensitivity of electrocardiogram and thallium 
imaging: The sensitivity of exercise electrocardiogram 
compared with quantitative thallium imaging in 1- 
vessel CAD is shown in Table II. Quantitative thallium 
imaging was more sensitive than the electrocardiogram 
in patients with no previous MI. Of 90 such patients, 51 
(57%) had abnormal electrocardiographic responses and 
abnormal thallium images, 29 (32%) abnormal thallium 
images only, 7 (8%) abnormal electrocardiographic re- 
sponses only and 3 (3%) neither abnormality. There was 
no difference in sensitivity for qualitative vs quantita- 
tive thallium imaging. 

Occurrence of ST depression versus thallium 
redistribution: The electrocardiographic marker of 
ischemia during exercise is considered to be ST de- 
pression and the thallium marker of ischemia is redis- 
tribution. Redistribution was present more frequently 
than ST-segment depression (Table II) because of a 
higher frequency of redistribution in patients with a 
prior MI. Of the 124 patients, 57 (46%) demonstrated 
redistribution and ST-segment depression, 32 (26%) 
redistribution only, 16 (18%) ST-segment depression 
only and 19 (15%) neither. In the subgroup of patients 
with prior MI, redistribution was present more often 
than ST-segment depression in patients with right and 
LC disease but not in LAD disease. 

Localization of coronary artery disease: Table III 
lists the location of ST-segment depression in 73 of the 
124 patients who had abnormal exercise electrocar- 












TENE + Th eae TE EZ 
ur pe ME TABLE Il "Electrocardiographic Versus Thallium Findings in One-Vessel í Coronary ey A - 
d i^ Disease $5 M 
ERE All Patients Ee 
Me, $ "UNE 
EU LAD LC Right CAD Total ES 
^ (n — 78) (n — 14) (n = 32) (n = 124) M. 
! A Evidence of CAD Eo 
Td ST | or Q waves 60 (77%)* 9 (6496)* 22 (6996) 91 (7396)* ON 
P Initial defect 74 (95%)* 14 (100%)* 26 (8196) 114 (92%)* AN 
jd Evidence of ischemia E 
E ST | 51 (6596) 7 (5096) 15 (47 96)4- 73 (5996)t B 
TN Redistribution 58 (7496) 10 (7196) 25 (7896) 93 (7596) a 
be E Previous Myocardial Infarction H 3 i 
e LAD LC Right CAD Total c 
M (n — 18) (n — 4) (n = 12) (n — 34) E^ 
Un de: Evidence of CAD =. 
en ST | or Q waves 18 (10096) 4 (10096) 12 (10096) 34 (10096) oA 
m Initial defect 18 (10096) 3 (7596) 12 (10096) 33 (97 96) E 
Evidence of ischemia TN 
i | ST | 10 (56%) 0(0%)t 5 (4296)t 15 (4496)! m 
Redistribution 12 (67 96) 3 (7596 )t 11 (9296)! 26 (7696 )t AM 
" 224 
| No Prior Myocardial Infarction b 
: LAD LC Right CAD Total ^ 
(n = 60) (n = 10) (n = 20) (n = 90) WG 
cw Evidence of CAD E 
k ST | 41 (6896)* 7 (7096)* 10 (5096) 58 (6496 )* "a 
E Initial defect 56 (9396)* 10 (100%)* 14 (7096) 70 (7896)* E 
I Evidence of ischemia ali 
n. ST 41 (6896) 7 (7096) 10 (5096) 58 (6496) 3 
p Redistribution 44 (7396) 7 (7096) 14 (7096) 65 (7296) E 
m * Significant differences (p <0.01) between electrocardiographic vs thallium evidence of CAD; t Sig- ! 
Ai nificant differences (p <0.01) between electrocardiographic vs thallium evidence of ischemia. “a 
A ST | = ST-segment depression; other abbreviations as in Table |. 4 
SA ; 


diographic responses. When patients with 1-vessel CAD 
had ST-segment depression, it usually occurred in leads 
II, III, aVF, V5 and Vg unrelated to the location of the 
stenosis. 

Table IV lists the location of the thallium defects in 
9 regions of the myocardium in 114 patients with initial 
thallium defects. The occurrence of defects in 8 of these 
9 segments was significantly different between the 3 


groups, except for the apical segment in the 50? left 


anterior oblique view. However, no single segmental 
&bnormality correlated with disease in a certain vessel 
in all cases. Nevertheless, certain combinations were 
best for certain coronary arteries. The apical region in 
the anterior projection was sensitive (86%) but not 
specific (2%) for LC disease, but the specificity of this 
finding increased to 90% when a defect in this region was 
combined with the absence of one in the septal region 
in the 50? left anterior oblique view. Similarly, a defect 
in the inferoposterior region in the 70? left anterior 
oblique projection was sensitive (6296) but not specific 


(11%) for right CAD, but when combined with the ab- — 
sence of a defect in the anterior wall in the same view, a 
the sensitivity decreased to 70% and the specificity ros 
significantly to 82%. 3 4 
After combining all 3 views, the apex showed a defect 
in the most number of patients (79%) with positive 
thallium scans. Usually there was involvement of other — 
regions with apical involvement, except in 8 patients, — 
5 with LAD and 3 with LC disease. All the patients with — 
right CAD had a right dominant coronary system. In 
only 2 patients with right CAD (7% of the cases) wasa 
septal defect present without a concomitant inferions a 
defect. The septum was never involved in LC disease. 
In only 3 patients with LAD disease (4%) was an inet B 
feroposterior defect seen without a concomitant anterior - 
or septal defect, but these patients also had concor 
apical defects. d 
Comparison of the extent of ischemic region with ad 
location of stenosis: There was no difference in the 
extent of ischemic region, as measured by the numbe i 









he TABLE Ill Location of ST-Segment Depression | p 
, LAD Right CAD Total d 
de ECG Leads (n = 51) (n = 7) (n = 15) (n = 73) f 
E- . |, aVL 6 (1296) 0 (096) 0 (096) 6 (896) 
b. Il, IIl, aVF 37 (7296) 5 (7196) 10 (6696) 52 (7196) 
Ww V2 10 (2096) 0 (096) 0 (096) 10 (1496) 
die: V3 20 (4096) 0 (096) 8 (5396) 28 (38%) 
ry V4 45 (8896) 4 (57 96) 14 (9396) 63 (8696) 

Vs, Ve 49 (96%) 7 (10096) 14 (93%) 70 (9696) 
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LAD LC Right CAD Total 
(n = 74) (n = 14) (n = 26) (n = 114) p Value 
Anterior 
e Anterior 28 (38%) 4 (29%) 3 (1296) 35 (3196) <0.001 
s Apical 39 (5396) 12 (8696) 9 (3596) 60 (5396) «0.01 
net Inferior 13 (1896) 7 (5096) 13 (5096) 33 (2896) «0.01 
E. 50? LAO 
E Septal 53 (7296) 0 (096) 10 (3896) 63 (5596) «0.01 
TÀ Apical 41 (5596) 6 (4396) 14 (5496) 61 (5496) NS 
n Posterolateral 11 (1596) 7 (5096) 11 (4296) 29 (2596) «0.01 
Pee 70? LAO 
ck Anterior 42 (57 96) 0 (096) 3 (1296) 45 (3996) «0.001 e 
` Apical 46 (62%) 2 (1496) 14 (5496) 62 (5496) «0.001 
Inferoposterior 21 (2896) 7 (50%) 16 (6296) 44 (3996) 0.01 
LAO = left anterior oblique projection; other abbreviations as in Table I. 


Es thallium defects, lung/heart ratio of thallium, number 

| of leads showing ST depression during exercise and 

GE verage amount of ST depression in patients with LAD 

pa LC vs right CAD (Table V). There was also no 

ference in the apparent size of the ischemic zone 

Been patients with proximal and midlesions when 

$ all arteries were considered together or when they were 
p considered separately (Table VI). 
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| P i Discussion 


gin this study, thallium imaging was more sensitive 

d than exercise electrocardiography i in patients with 1- 
iem CAD without previous MI, including those with 
_ isolated LAD disease alone. Thallium i imaging was not 
^ uperior in the presence of previous MI, because Q 
E javes on electrocardiogram were already evidence for 

_ CAD. Although these results are similar to previous 
E de ata, they differ because in most previous reports sen- 


sitivity for individual coronary arteries was assessed in 
patients with multivessel CAD! or used either visual 
or different computer methods for analyzing thallium 
images.?-10 

ST depression versus thallium redistribution: 
Thallium redistribution was noted more often than ST 
depression only in patients with a prior MI and only in 
LC and right CAD. In patients with no prior MI, the 
incidence of redistribution and ST-segment depression 
was similar for all 3 vessels. 'The explanation of this 
observation is uncertain and no previous study has ex- 
amined this issue. One explanation is selection bias. Our 
patients with no previous MI were probably selected for 
cardiac catheterization because they had chest pain and 
manifested ischemia on noninvasive testing. Another 
explanation is that in the presence of a prior MI, the 
electrocardiographic markers of ischemia may be more 
easily obscured by the MI than the thallium findings. 


$ E > TABLE V Size of Ischemic Region in Three Coronary Territories (Mean + Standard 
E Deviation) 
LAD LC Right CAD p Value 
Thallium imaging 
B No. of segments showing 4.0 + 2.0 9.4 + 1.7 3.6 + 1.8 NS 
E thallium defects 
a Lung/heart ratio 0.50 + 0.12 0.47 + 0.19 0.49 + 0.12 NS 
M. Exercise electrocardiogram 
A No. of leads showing ST- 4.8 + 1.8 4.7 X 1.3 5.5 + 1.6 NS 
5 segment depression 
E Average ST-segment 1.5 + 0.7 1.2+ 0.4 1.2+ 0.6 NS 
“see depression 
‘a Abbreviations as in Table |. 
si 
Toy, ABLE VI Comparison of Size of Ischemic Region in Proximal Versus Midcoronary Lesions 
i Proximal Vessel Stenosis Midvessel Stenosis 
1G LAD LC Right CAD LAD LC Right CAD 
] Total (n — 55) (n = (n = 22) Total (n — 23) (n — 8) (n = 10) 
; No. of segments 40:20. AOTEA 372235 SSE T © 39217 414519^ $1414. 40:14 
with TI defects 
No. of leads with ST depression 502418 40429 50+1 $935. 4710 47220") 432 16. 33235 
p ST depression 1951,08. .16 $08. .19 010 1.1 € 0.3 Loe Ob .t1384X05-. 121504 -1.54- 1.0 





me thallium; other abbreviations as in Table l. 
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caliz dod tate coronary sence The locaton of 
the ST-segment depression during exercise bore little 
n correlation with the anatomic location of coronary ste- 
ud nosis. The only lead that could differentiate between 
- disease in the 3 coronary arteries was V3. This lead never 





showed ST-segment depression in LC disease. Further, 


ST-segment depression in leads I, aVL and Vs only oc- 


curred in patients with LAD disease. The nonspecificity 
of leads II, IIT, avF, V4, V5 and Vg is similar to previous 
observations.5:6:8 

‘bhe relation of thallium defects to coronary anatomy 
in 1-vessel CAD has not been clarified. Thallium 
imaging localized CAD better than exercise electro- 
cardiography, but the sensitivity and specificity of de- 
fects in individual views for any coronary artery were 
not as good as reported previously. This is explained, 
in part, by variability in coronary anatomy relative to 
the size and distribution of the coronary arteries. For 
example, in patients with right CAD a perfusion defect 
may extend to the lower septum because of posterior 
septal perforators. This is why combining the presence 
or absence of defects from more than 1 segment in- 
creased the probability of correctly localizing disease 
to a particular coronary artery with thallium imaging. 

Size of ischemic zone: In contrast to previous ob- 
servations,!° there was no difference between the 3 
coronary arteries in the average ischemic zone size in 
1-vessel CAD. This lung/heart ratio was also not dif- 
ferent among the 3 groups of patients, which is indirect 
evidence against a significantly greater involvement of 
the left ventricle in LAD compared with LC and right 
CAD. There was also no difference in the size of the 
ischemic zone when proximal lesions of the coronary 
arteries were compared to midlesions. 

Implications: Functional noninvasive testing in 1- 
vessel CAD results in a wide range of findings, extending 
from those anticipated in normal subjects to those an- 
ticipated in patients with multivessel CAD. A stenosis 
in a certain vessel does not predictably produce a certain 
functional pattern. In view of other studies suggesting 
that the functional information (extent of ischemic in- 
sult) has greater prognostic information than the 
number of diseased vessels,!6:!7 patients with 1-vessel 
CAD are not a uniform group and should not be man- 
aged in the same way in terms of whether or not to 
perform myocardial revascularization. 
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Time Course of Alpha-1-Acid Glycoprotein and Its Relation 
to Myocardial Enzymes After Acute Myocardial Infarction , 
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JOSEPH VITA, MD, RACHEL BREM, MD, and MAY LOUIE, BA 





_ The acute phase reactant, alpha-1-acid glycopro- 

tein, binds to a number of basic antiarrhythmic 
- drugs, including lidocaine, quinidine, propranolol, 

_ imipramine and disopyramide. Binding to alpha- 

_ 1-acid glycoprotein accounts for a decrease in free 

: drug fraction and may alter the expected concen- 

| tration: response relation of drugs particularly when 

- there are unpredictably large or rapid changes in 

. alpha-1-acid glycoprotein. To determine the time 

- course and magnitude of alpha-1-acid glycoprotein 

: for 1 month after acute myocardial infarction (AMI), 

- blood samples were collected from 27 patients, 14 

_ with AMI and 13 with a chest pain syndrome but no 

- AMI. Patients with AMI had a significant increase in 

- alpha-1-acid glycoprotein after 72 hours (mean 153 


j The serum glycoprotein, alpha-1-acid glycoprotein 
- (molecular weight 41,000) is an acute phase reactant 
that i increases after trauma, surgery, cancer, arthritis, 
infection and the third trimester of pregnancy.!4 
- Alpha-1-acid glycoprotein is also elevated after 36 hours 

_ in patients with acute myocardial infarction (AMI)? and 

_ the concentration may increase more than 100%.® Sev- 

- eral investigators have observed alpha-1-acid glyco- 
protein binds to a number of cardioactive drugs for 
post-AMI arrhythmias, including lidocaine,?" quini- 
. dine? propranolol? imipramine!?!! and disopyra- 
mide. 1? Because binding to alpha-1-acid glycoprotein 
diminishes free drug fraction, rapid or large changes in 
| the concentration of alpha-1-acid glycoprotein could 

- confound interpretation of the total plasma drug con- 
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+ 35 mg/dl) (p <0.05), and the maximum was ob- 
served on day 7 (mean 165 + 53 mg/dl) (p « 0.05), 
returning to baseline by 28 days. There was no sig- 
nificant change in alpha- 1-acid glycoprotein in pa- 
tients with chest pain but no AMI. Regression anal- 
ysis showed a significant relation between creatine 
kinase (p «0.005) and lactic dehydrogenase (p 
<0.001) vs alpha-1-acid glycoprotein indicating 
alpha-1-acid glycoprotein concentration is high in 
patients with large AMI. Changes in binding resulting 
from alpha-1-acid glycoprotein during AMI could 
account for misinterpretation of total drug concen- 
tration and response to antiarrhythmic drugs acutely, 
during convalescence and at discharge. 

(Am J Cardiol 1985;56:262-265 ) 


centration: effect relation. Moreover, for highly pro- 
tein-bound drugs, increased binding can alter phar- 
macokinetics such as clearance, the volume of 
distribution, and the half-time of elimination.'? 

Early changes in alpha-1-acid glycoprotein after AMI 
have been reported, however, the time course for 1 
month after AMI and the variables affecting its con- 
centration are not known. This study had 2 goals: (1) to 
determine the rise and fall of alpha-1-acid glycoprotein 
after AMI and chest pain syndrome, and (2) to assess 
the relation between alpha-1-acid glycoprotein and 
activity of the myocardial enzymes, creatine kinase 
(CK) and lactic dehydrogenase (LD), and ejection 
fraction (EF), age and sex. 


Methods 


Patients admitted to the Cardiac Intensive Care Unit of The 
Presbyterian Hospital with chest pain took part. One inves- 
tigator who had no knowledge of the patients' conditions used 
2 of the 3 following criteria to diagnose AMI: clinical history 
of typical cardiac chest pain within 12 hours prior to admis- 
sion, CK value greater than 50 U/liter with positive MB iso- 
enzyme, and evolution of new Q waves on the electrocar- 
diogram. Patients were excluded for preexisting hepatic or 
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ventricular ejection fraction; SD = standard deviation. 


renal disease, low output state or recurrent AMI during 
hospitalization. 

Samples for alpha-1-acid glycoprotein were collected on 
days 1, 3, 7, 14 and 28 after admission. During the first 3 hos- 
pital days, in all patients daily complete blood count, eryth- 
rocyte sedimentation rate, CK and LD were recorded. In ad- 
dition, those with AMI underwent radionuclide angiography 
to measure EF (either first-pass technique or equilibrium 
studies) on day 4. 

Alpha-1-acid glycoprotein and myocardial enzymes: 
Blood (15 ml) was collected in glass syringes and transferred 
to glass tubes with Teflon? screw tops, centrifuged and the 
serum removed. Within 2 hours of venipuncture, samples were 
plated for alpha-1-acid glycoprotein, and determined by radial 
immunodiffusion using commercially prepared monospecific 
antiserum kits (Calbiochem). A standard curve was deter- 
mined from 3 known concentrations of alpha-1-acid glyco- 
protein; samples were measured in duplicate and the mean 
determined. The accuracy of these determinations when 
compared to serum of known concentration was found to be 
within +3%. The normal range for alpha-1-acid glycoprotein 
is 55 to 120 mg/dl.!4 

CK activity was measured by addition of CK substrate to 
serum and absorbance read at 520 nm (SMAC, Technicon); 
the range of normal CK is 1 to 50 U/liter.!? LD activity 
was measured by rate of increase in absorbance of NADH at 
340 nm by spectrophotometry (SMAC, Technicon); the range 
of normal LD is 90 to 200 U/liter. MB fraction (agarose 
gel electrophoresis) was measured using a fluorometric 
detector. 

Statistical analysis: All statistics were analyzed using 
computer programs from the BMDP Statistical Software 
Package, 1983 edition. Analysis of variance was used to test 
for a difference in alpha-1-acid glycoprotein on days 1, 3, 7, 
14 and 23. A regression was used to test the relation between 
CK and LD measured on days 1 and 3 vs alpha-1-acid glyco- 
protein and also to test EF, age, or sex vs maximum (peak) 
alpha-1-acid glycoprotein. A p value of «0.05 was considered 
statistically significant. Data were expressed as mean + 
standard deviation. 


Results 
Clinical characteristics of patients: Fourteen 


X patients with AMI were studied: 10 men and 4 women, 


| peed: 38 to 80 years (mean 60 + 14) (Table I). Electro- 
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f Peak Peak Peak pe 

9 Age (yr) Infarct LVEF CK (day) LD (day) AAG (day) "a 

Pt & Sex Site (96) (U/ml) (U/I) (mg/dl) E 
1 38M Subendocardial 44 218 (2) 248 (2) 202 (7) Er 
2 68F Subendocardial -- 248 (2) 678 (4) 163 (7) NN 
3 42F Posterior 47 139 (1) 398 (2) 147 (7) E 
4 60M Anterior 26 1,248 (2) 764 (3) 174 (7) Ag 
5 80M Subendocardial 26 813 (2) 842 (3) 111 (3) mn«- 
6 69F Posterior 50 463 (2) 428 (3) 105 (3) | E. 
7 49M Posterior 60 272 (1) 222 (1) 178 (3) ae 
8 57M Anterior 25 627 (2) 852 (4) 151 (7) cH 
e 9 46M Anterior 25 1,788 (2) 1,083 (3) 162 (3) 13 
10 51M Posterior 55 2,925 (2) 1,505 (3) 189 (3) ten 
11 74M Posterior 27 1,365 (1) 921 (2) 142 (7) ^ 
12 74F Anterior 52 1,377 (2) 1,686 (2) 277 (7) UE 
13 77M Anterior 27 1,734 (1) 939 (2) 200 (7) Et 
14 48M Anterior 25 2,355 (1) 1,611 (3) 250 (7) A 
Mean 60 38 1,179 870 176 E 
+SD 14 14 865 476 49 at 
AAG = alpha-1-acid glycoprotein; CK = creatine kinase; LD = lactic dehydrogenase; LVEF = left o 













cardiographic evidence of anterior AMI was docu- 
mented in 6 patients, inferior AMI in 5 and non- ` 
transmural AMI in 3. Left ventricular EF ranged frol om n 
25 to 60% (mean 38 + 14%). u- 

Thirteen patients, 9 men and 4 women, aged 50 to 8 
years (mean 65 + 10), had chest pain but no AMI. The 
discharge diagnosis in these patients was angina without 
AMI (11 patients), cardiac arrhythmia (parožya M 
supraventricular tachycardia) (1 patient), and chole- 
cystitis (1 patient). f 

Time course of alpha-1-acid glycoprotein: Sam- | VA 
ples to determine alpha-1-acid glycoprotein and AU E 
cardial enzymes, CK and LD, were collected upon - 
arrival to the Cardiac Intensive Care Unit. The interva l3 
between onset of chest pain and arrival at the Cardiac d i 
Intensive Care Unit ranged from 1.5 to 10.8 hours. Mean . 
alpha-1-acid glycoprotein concentration increased after 
72 hours and continued to increase during the first week — 
of hospitalization in patients with AMI (Fig. 1). There d. 
was interindividual variability in the rate of rise of — B 
alpha-1-acid glycoprotein (Fig. 2). Mean alpha-1- zn i 
glycoprotein concentration for AMI patients on day 1 — 
was 108 + 28 mg/dl (n = 14), on day 3 153 + 35 mg/dl (n . 
= 14), on day 7 165 + 53 mg/dl (n = 14), on day 14 A 
+ 45 mg/dl (n = 14), and on day 28 105 + 20 mg/dl (n = 
11). Three patients were discharged before day 28 and 
blood could not be collected. Each had alpha- l-acid - 
glycoprotein concentration within the normal range on- A F 
day 14 (Fig. 1). There was a significant difference be- — 
tween mean alpha-1-acid glycoprotein concentration — 
on day 1 compared with days 3 and 7 (p <0.05). Maxi- — 
mum alpha-1-acid glycoprotein ranged from 105 to 277 
mg/dl (mean 176 + 49). Alpha-l-acid glycoprotein - 
concentration was elevated in 7 patients at 14 days and 
in 3 patients at 28 days. 

In 13 patients with chest pain but not AMI, me 
alpha-1-acid glycoprotein did not change significantly 
over 7 days: on day 1 it was 97 + 30 mg/dl (n = 13), on p 
day 3 110 + 28 mg/dl (n = 13), and on day 7 109 x si 3 
mg/dl (n = 13) (Fig. 1). Two patients had elevated ~ 
alpha-1-acid glycoprotein levels at 7 days. E * 
















* * 






































DAYS DAYS 


Fi Fe GI URE 1. Alpha-1-acid glycoprotein concentration for patients with 
st pain syndrome but no acute myocardial infarction (AMI) (A) and 
tients with AMI (B). The upper limit of normal for alpha-1-acid gly- 
E rotein concentration is 120 mg/dl. Asterisks indicate a significant 
difference (p <0.05) in alpha-1-acid glycoprotein on day 1 compared 
A ı day 3 and day 7 for patients with AMI. There is no significant dif- 
fe pe ce in alpha-1-acid glycoprotein concentration over 1 week in 
atients with chest pain but no AMI. 
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m" Bio between alpha-1-acid glycoprotein and 
hs | nyocardial enzymes: All patients. with AMI demon- 
E 'ated elevated or a sequential rise in CK and LD over 

the first 3 hospital days and had a positive MB isoen- 
Zy m e fraction. The highest (peak) CK measured in pa- 
tients with AMI ranged from 139 to 2925 U/liter (mean 
11 79 + 865) (Table I); the highest CK level in patients 
with chest pain but no AMI ranged from 21 to 51 U/liter 
| Aine ean 35 + 6). The peak LD ranged from 222 to 1,686 
liter (mean 870 + 476) (Table I). 

p 1-acid glycoprotein concentration was com- 
ed to CK and LD for days 1 and 3 in patients with 
MI (Fig. 3). The F ratio that tests significance of the 


pe 


Y intercept = 95.8 
Slope = 7.58 


670.98 
Y intercept = 79.44 
Slope * 18. 57 




















HOSPITAL DAYS 


F F G me 2. Individual variability in the rate or rise of alpha-1-acid gly- 
_coprotein (AAG) over the first week of hospitalization for 2 patients with 
te myocardial infarction. 
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<0.001) suggesting patients with large amounts of tissue 
necrosis also have high concentrations of circulating 
acute phase reactant. There was not a significant rela- 
tion between EF, age or sex vs the maximum alpha-1- 
acid glycoprotein concentration (Table I). 


Discussion 


Studies in which alpha-1-acid glycoprotein concen- 
tration was determined within 1 to 3 days after AMI54.16 
indicate that the concentration of this acute-phase 
reactant is variable. In the present study, mean alpha- 
1-acid glycoprotein increased within 3 days, continued 
to increase for 7 days and returned to baseline by 28 
days after AMI. This time course is unique and differs 
from other conditions in which alpha-1-acid glycopro- 
tein is also elevated. Where these is extensive tissue 
damage after trauma and surgery, alpha-1-acid glyco- 
protein remains significantly elevated (more than 200 
mg/dl) even at 3 to 4 weeks.-? Although it was not a goal 
of this study to systematically evaluate alpha-1-acid 
glycoprotein concentration in patients who had recur- 
rent ischemic pain or AMI, surgery or other cardiac 
invasive interventions, we have observed alpha-1-acid 
glycoprotein increases again under these conditions, 
further complicating its time course. 

The findings of David et al,!? who reported alpha- 
l-acid glycoprotein concentration does not return to 
normal until 3 months after AMI, differ from ours. 
These investigators measured alpha-1-acid glycoprotein 
on day 12 and again 35 to 100 days after AMI; conse- 
quently, the early return to preinfarction concentrations 
could have been overlooked. However, it is also possible 
that in some patients interindividual variability as well 
as recurrent pain and AMI accounts for elevated 
alpha-1-acid glycoprotein even beyond 1 month.!? 
Snyder et al!? noted differences in alpha-1-acid glyco- 
protein concentration in patients 1 year after AMI 
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FIGURE 3. Alpha-1-acid glycoprotein concentration and creatine kinase 
(A) and lactic dehydrogenase (B) activity in patients with acute myo- 
cardial infarction measured on hospital day 1 and day 3. Linear re- 
gression analysis indicates a significant relation between alpha- 1-acid 
glycoprotein and creatine kinase levels (p <0.005) and lactic dehy- 
drogenase (p <0.001). 
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teen 135 M 14 mg/dl) compared with sol volun- 
teers (mean 86 + 30 mg/dl). 

Inasmuch as alpha-1-acid glycoprotein concentration 
increases within 1 to 7 days, i.e., during treatment for 
acute arrhythmias, at transfer from intensive care units, 
upon changing drug from intravenous to oral formula- 
tions, and then later decreases, i.e., during convalescence 
and discharge, it could account for unpredictable re- 
sponses to antiarrhythmic agents. Consequences of 
these dynamic changes are important for prescribing 
basic cardioactive drugs, including 9 blockers and cal- 
cium channel antagonists, which also bind to alpha- 
1-acid glycoprotein. McGowan et al!? observed that 
after verapamil, atrioventricular conduction inferred 
from the PR interval of the electrocardiogram is a more 
predictable function of free verapamil concentration 
than total. Routledge et al^? reported alpha-1-acid 
glycoprotein concentration increased significantly 2 
days after AMI, as did total plasma lidocaine concen- 
tration. However, marked changes in total lidocaine 
concentration (118%) and high total plasma concen- 
tration were not associated with toxicity because free 
drug concentration changed significantly less (48%). 
However, available free drug depends not only on 
alpha-l-acid glycoprotein concentration, but also 
characteristics of individual drugs as well as receptor 
sensitivity. For example, Fremstad et al?? found that as 
alpha-1-acid glycoprotein increased 50%, free quinidine 
concentration decreased from 22% to 12%. On the other 
hand, Freilich and Giardina!! found with imipramine 
that alpha-1-acid glycoprotein rose 200% when free 
imipramine decreased 50%. 

The importance of alpha-l-acid glycoprotein was 
emphasized by Chapelle et a1,?-?? who, in a 640-patient 
outcome study, reported that it was the best indepen- 
dent univariate predictor discriminating between 1-year 
survivors and nonsurvivors after AMI. Moreover, the 
magnitude of alpha-1-acid glycoprotein had predictive 
value 2 days after AMI.” We found the linear relation 
between alpha-1-acid glycoprotein vs CK and LD 
noteworthy (Fig. 3). Although there was scatter in the 
regressions, possibly more frequent sampling than the 
study design called for, i.e., precise time-activity curves 
of myocardial enzymes vs alpha-1-acid glycoprotein, will 
more precisely characterize these relations. The ob- 
servations here suggest high CK or LD activity is asso- 
ciated with high alpha-1-acid glycoprotein concentra- 
tion and the potential for less free drug fraction of basic 
cardioactive drugs. In this study, maximal alpha-1-acid 
glycoprotein did not correlate with EF, age or sex. Pa- 
tients with preexisting ventricular impairment even 
before AMI were not excluded and the relation between 
alpha-1-acid glycoprotein and the postinfarction EF in 
patients without prior ventricular impairment may 
resolve whether the postinfarction EF is, similar to 
CK and LD, significantly related to alpha-l-acid 
glycoprotein. 


Since the consequences of drug binding depend on ~ 
pharmacokinetic properties of each agent, data for in- . 
dividual drugs are required before alpha-1-acid glyco- — 
protein is regarded as critical for interpreting total drug < 
concentration. However, dynamic changes of the mag- - 
nitude seen after AMI will alter the concentration re- i 
sponse relation of some drugs and should be considered . 
in studies evaluating drug responses after AMI. iA 
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Hemodynamic and Electrocardiographic Effects of 
Fructose- 1,6-Diphosphate in Acute Myocardial Infarction 


NICCOLO MARCHIONNI, MD, ALBERTO CONTI, MD, WALTER De ALFIERI, MD, 
MAURO Di BARI, MD, LUIGI FERRUCCI, MD, ALESSANDRA LOMBARDI, MD, 
GUYA MOSCHI, MD, RICCARDO PINI, MD, and ANDREA VANNUCCI, MD 


. Acute hemodynamic and electrocardiographic ef- 
. fects of fructose-1,6-diphosphate (FDP), an agent 
_ that is supposed to restore anaerobic glycolitic flux 
_in the ischemic myocardium, were studied in 40 


. patients with acute myocardial infarction who were 
. grouped into 4 subsets: subset 1, normal (15 mm Hg 


- or less) pulmonary artery (PA) wedge pressure and 
. normal (35 g-m/m? or greater) left ventricular (LV) 


— Stroke work index; subset 2, elevated (more than 15 
. mm Hg) PA wedge pressure and normal LV stroke 


- work index; subset 3, normal PA wedge pressure 


and reduced (less than 35 g-m/m?) LV stroke work 


index; subset 4, elevated PA wedge pressure and 


_ LV stroke work index moderately reduced to a range 
- between 16 and 34 g-m/m^. Patients were ran- 
- domized into an FDP (250 mg/kg body weight in 
. isotonic saline solution intravenously in 20 minutes) 
- and into a placebo group. Each subset contained 5 
_ FDP- and 5 placebo-treated patients. After basal 
_ measurements, hemodynamic measurements were 


reassessed at 60, 90 and 120 minutes from the 


Restoration of energy production in the ischemic 


. myocardium during acute coronary occlusion has been 
_ attempted!? by administering glucose, insulin and 


, 
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- potassium to stimulate the Embden-Meyerhof pathway. 
Nevertheless, studies have shown? that the activity 
- of this catabolic pathway is limited by inactivation of 


the pH-sensitive enzyme phosphofructokinase as a re- 


- sult of increasing intracellular acidosis, which leads to 
- deprivation of fructose-1,6-diphosphate (FDP), thereby 


- 


blocking the glycolitic flux. Bypass of phosphofruc- 
tokinase was successfully achieved by administration 
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infusions, while a standard 12-lead electrocardio- 
gram was recorded in the basal state and 120 min- 
utes after infusion. Nonsignificant hemodynamic 
change was observed in the placebo subsets, and 
FDP failed to exert any effect in subsets 1, 2 and 3. 
A 2496 (p <0.02) increase in cardiac index oc- 
curred 60 minutes after FDP in subset 4. LV stroke 
work index also increased, while PA wedge pressure 
remained unchanged. Electrocardiographic markers 
of myocardial ischemia were not significantly re- 
duced in any of the subsets, both in the control and 
in the treated group. Nevertheless, reduction was 
greater after FDP than after placebo administration 
in each subset, and it attained statistical significance 
when analyzed in the whole series of 20 FDP-treated 
patients. Two control patients died (1 from pro- 
gressive LV failure) and 1 had a primary ventricular 
fibrillation successfully treated by direct-current 
shock. No FDP-treated patient died or had ventric- 
ular arrhythmias. 

(Am J Cardiol 1985;56:266-269) 


of exogenous FDP to dogs with experimentally induced 
myocardial ischemia, with restoration of anaerobic 
glycolisis indicated by improvement of altered cardiac 
mechanics, reduction of electrocardiographic (ECG) 
signs of ischemia, and increase of creatine phosphate, 
ATP and lactic acid in the ischemic myocardium.’ This 
study assesses the therapeutic properties of FDP in 
acute myocardial infarction (AMI) in humans. 


Methods 


Patient selection: Forty patients (34 men, 6 women, mean 
age 61 years, range 36 to 79) were studied within 12 hours of 
the onset of a first AMI (anterior in 21 patients, inferior in 19) 
documented by a history of typical chest pain, ECG changes 
and subsequent elevation of serum cardiac enzyme levels. The 
following were considered exclusion criteria: (1) dominant 
rhythm different from the sinus rhythm; QRS duration longer 
than 0.08 second; (2) chronic or acute cardiac valve dysfunc- 
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tion; (3) severe left ventricular (LV) failure characterized by 
y the association of LV stroke work index lower than 16 g-m/m? 
Si with a pulmonary artery (PA) wedge pressure higher than 15 
mm Hg (which in our experience invariably results in car- 
diogenic shock, thus representing an absolute indication for 
intraaortic balloon pumping®); and (4) pretreatment with any 
drug (e.g., nitrates, antihypertensive agents, 9 blockers, car- 
diac glycosides and diuretic drugs) with known cardiovascular 
iN effects to prevent cardiocirculatory changes as a result of their 
th clearance throughout the study. 

Hemodynamic measurements: A right cardiac thermo- 
dilwtion catheter (Kontron 7Fr) was inserted percutaneously 
soon after admission to measure right atrial, mean PA and 
mean PA wedge pressures; cardiac output (liters/min) was 
determined in triplicate, with a mean variability of the 3 re- 
petitive measurements of 4.4 + 0.2% (mean + standard error 
of the mean). A radial artery cannulation was also performed. 
Pressures were referenced to the midaxillary line with the 
patient in the supine position; their mean values as well as 
mean heart rate were electronically integrated by analog cir- 
cuits. LV stroke work index was calculated as SVI - (MAP — 
PAWP) - 0.0136, where SVI = stroke volume index (ml/m?) 
and PAWP = PA wedge pressure. Systemic vascular resis- 
tance (SVR, dynes s cm~) and pulmonary vascular resistance 
(PVR) were calculated as: SVR = (MAP — MRAP) - 80/CO; 

= (MPAP — PAWP) - 80/CO, where MAP = mean sys- 
temic arterial pressure (mm Hg), MRAP = mean right atrial 
E. pressure (mm Hg), MPAP = mean PA pressure (mm Hg) and 
Br CO = cardiac output. 

Electrocardiographic recordings: Standard electro- 
cardiograms were recorded with a Siemens-Elema Mingograf 
32 recorder (1 mV = 10 mm; paper speed 50 mm/s). Two in- 
dependent investigators analyzed each electrocardiogram for 
measurement of the following parameters: total ST-segment 
elevation from the 12 leads (ZST, mV); number of leads 
showing ST-segment elevation of 0.15 mV or greater (N ST;5); 
and ratio of the sum of R waves to the sum of negative waves 
of the QRS complex (ZR/ZQ + ZS). The ST-segment shift 
was measured to the nearest 0.5 mm at 0.08 second from the 
J point, considering the TP segment as the isoelectric line. 
Concordance between the 2 observers occurred in all cases. 

Protocol: No medication was administered either before 
or during the study, with the exception of morphine sulfate 
(10 mg intramuscularly) to relieve chest pain. Basal hemo- 
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dynamic measurements were EATE 15 minutes uter in- 
sertion of intravascular catheters, when clinical steady state — 
was maintained and patients were grouped into 4 subsets: K 
subset 1, uie (15 mm Hg or less) PA wedge pressure : 1 





index; subset 4, elevated PA wedge p pressure and LV stro! te is 
work index reduced to a range between 16 and 34 g-m/m?. Ten | 
patients were consecutively enrolled in each subset, and they - 
were randomized into a control and a treated group, so that | 
each subset contained 5 control and 5 FDP-treated patients. : 
Immediately after basal hemodynamic measurements we e a 


collected, treated patients received 250 mg/kg of FDP (109 of a 


AMI. Control patients were given an saps volume (2.5 kg) J 
of saline solution. Hemodynamic measurements were reas- - 
sessed at 60, 90 and 120 minutes from the end of the infusion. ; 
A standard electrocardiogram was recorded in the basal state 
and at the end of the des 


served after FDP and imd was analyzed zh the 2-wa da 
analysis of variance.’ Individual differences with respect to ` 
the basal values were identified by the least significance dif- - 
ference calculated at p = 0.05 and p = 0.01 confidence level — 
from Dunnett’s t table.!° Variations of ECG parameters were - 
evaluated by the t test for paired data. Differences among - 
groups were analyzed either by Student t test or by Fisher's - 


exact test. A p value «0.05 was considered significant. ; j| 
Results A 


FDP-treated and control patients did not differ with ' 
respect to mean age, prevalence of the site of infarction, - 
and mean time from onset of symptoms. 'T'wo control 
patients (1 from subset 3, and 1 from subset 4) died from | 
rupture of the LV free wall on the second day, and from 
refractory LV failure that developed soon after the 
study and progressed to cardiogenic shock. Another. 
control patient (subset 3) had ventricular fibrillation : 
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vb 1 hour after completion of ‘the stud 
_ derwent cardiopulmonary resuscitation, and was finally 
; di d ichareed from the hospital. No patient who received 
— FDP died or had major ventricular dysrhythmias at any 
t “time during in-hospital stay. 
M Hemodynamic findings: Basal hemodynamics did 
Loo ot differ between control and treated patients in any 
the 4 subsets. No significant change was observed 
d A fter placebo was administered to any of the 4 subsets 
A th 'oughout the study. FDP did not exert any prominent 
2 hemodynamic effect in subset 1 to 3 patients, whose PA 
ae vedge pressure and LV stroke work index values are 
. plotted in Figure 1, along with those from control pa- 
ti ients. Cardiac index significantly and progressively 
- increased in subset 4, from 60 to 120 minutes after in- 
- travenous administration of FDP (Fig. 2). The most 
marked increase (24%) was evident at 60 minutes; fur- 
t her improvement was more gradual, reaching 30% at 
ed 1: 20 minutes after FDP. Because heart rate and mean 
- Systemic arterial pressure were unaffected, LV stroke 
$ Fork index increased as well. Both right ventricular and 
| 2 V filling pressures remained unchanged. Systemic and 
pulmonary vascular resistance decreased after FDP, but 
t e reduction did not attain statistical significance. 
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_ FIGURE 2. Hemodynamic effects of fructose-1,6-diphosphate (FDP) 
. in patients with subset 4 acute myocardial infarction. Cl = cardiac index; 
k HR= heart rate; LVSWI = left ventricular stroke work index; MAP = 
i mee systemic arterial pressure; MRAP = mean right atrial pressure; 
_ PAWP = pulmonary artery wedge pressure; PVR = pulmonary vascular 
Et ee: SVR = systemic vascular resistance. 
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changes were not significant either after placebo or after 
FDP in any of the 4 hemodynamic subsets. Neverthe- 
less, FDP-treated patients homogeneously showed a 
greater reduction of ZST (subset 1, —31 vs —1296; subset 
2, —24 vs —8%; subset 3, —34 vs —19%; subset 4, —43 vs 
— 1446) and of N ST;5 (subset 1, —36 vs —12%; subset 2, 
—42 vs —5%; subset 3, —65 vs —19%; subset 4, —37 vs 
—5%), which were significantly lower after drug infusion 
when analyzed in the group as a whole (Fig. 3); the 
spontaneous changes observed in the placebo-treated 
group were not statistically significant. The ZR/£ZQ + 
2S ratio insignificantly increased after FDP, and de- 
creased after placebo (Fig. 3). 


Discussion 


Differences in the amount of glucose, in the route of 
administration, in the delay between onset of infarction 
and treatment, and lack of comparable control groups!! 
may have been the origin of the disappointing results 
of some clinical trials!2-! of the glucose-insulin-po- 
tassium therapy for AMI. Nevertheless, although glu- 
cose-insulin-potassium could limit myocardial injury 
in dogs with experimental AMI,!° the negative or at 
least conflicting results of several clinical studies!7-!9 
should not be entirely surprising, because in the ische- 
mic myocardium the glycolitic flux is substantially 
limited by intracellular acidosis. Markov et al’ showed 
that bypass of the pH-sensitive enzyme phosphofruc- 
tokinase is possible by administration of exogenous 
FDP. The mechanism by which FDP restores the energy 
production in the ischemic tissues is still uncertain, 
since it is thought that phosphorilated sugars cannot 
cross the cell membrane, and proofs that FDP does 
enter the cell are mainly indirect.?? 
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FIGURE 3. Changes of sum of ST-segment elevation (2 ST), of number 
of leads with ST-segment elevation 0.15 mV or greater (N ST), and of 
ratio of R waves to negative waves in the QRS (ZR/ZQ + ZS) after 
fructose- 1,6-diphosphate (FDP) (n = 20) and after placebo (n = 20) 
administration in patients with acute myocardial infarction. 
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ju zo 2 2 However, UA of the zeli kady v. that a 


favorable hemodynamic effect of FDP can be expected 
in patients with cardiocirculatory conditions (reduced 


cardiac index despite increased preload) that are in- 


dicative of larger infarcts. Such a result might have been 
achieved by a limitation of the ischemic damage to the 
myocardium, as suggested by a greater reduction of 
ECG signs of ischemia after FDP than after placebo 
administration. The lack of statistical significance of the 
decrease in XST and in N ST;; in the individual 
FDP-treated subsets might be ascribed to a low sensi- 
tivity of standard electrocardiography with respect to 
the 35-lead precordial ECG mapping frequently used?! 
to assess the efficacy of treatments directed to limit 
infarct size. 

Myocardial salvage is generally believed to be possible 
only during the very early phase of evolving ischemia. 
An indirect confirmation of the hypothesis that car- 
diocirculatory actions exerted by FDP in our study 
derived from the ability of the drug in conditioning the 
evolution of the infarct, comes from the observation of 
a relation between the delay of treatment and the 
magnitude of the hemodynamic response. T'wo subset 
4 patients who received FDP within 3 hours of the 
clinical onset of infarction had an average increase in 
cardiac index of 40%, whereas 2 patients treated with 
a delay of 7 hours had an increase of 28%, and 1 other 
patient in whom treatment was begun after 10 hours 
had substantially no enhancement. Such an improve- 
ment of cardiac index was not the result of increased 
preload secondary to volume expansion, as it was re- 
ported by Heng et al!® for the glucose-insulin-potassium 
solution, since PA wedge pressure remained unchanged 
in our patients. 

A further clinical element in accordance with a fa- 
vorable effect of FDP in AMI in our study was that no 
FDP-treated patient died, whereas 2 control patients 
died (1 from progressive pump failure); moreover, no 
FDP-treated patient had ventricular arrhythmias, 
whereas 1 control patient had a primary ventricular fi- 
brillation. A protective effect of FDP against ventricular 
fibrillation and tachycardia during acute myocardial 
ischemia had been reported by Markov et al.?? The size 
of our sample groups was too small to permit statistical 
comparison of mortality rates and of incidence of ven- 
tricular arrhythmias and, therefore, these observations 
must be regarded as possible results of chance. 

In conclusion, FDP induced favorable cardiocircu- 
latory effects mainly when administered to patients 
with large infarcts in the early phase. These results 
might have been the consequence of a limitation of in- 
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in the ischemic tissue, as suggested in previous experi- — 
mental studies. If this interpretation is correct, FDP - 
deserves further study with large, controlled trials 
aimed at assessing its efficacy in modifying the clinical — 
course of patients treated within 3 to 4 hours of onset 4 
of AMI. | » 
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Anion-Channel Blockade With Alinidine: A Specific 
Bradycardic Drug for Coronary Heart Disease 


Without Negative Inotropic Activity? 
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. In 14 patients undergoing cardiac catheterization 
. for suspected coronary artery disease, alinidine, 0.6 
_ mg/kg, was administered intravenously to determine 
. its effects on left ventricular (LV) function, coronary 
- blood flow and myocardial oxygen consumption. To 
. assess effects independent of changes in heart rate 
_ (HR), measurements were made at spontaneous 
- and matched pacing HRs. At spontaneous HR, ali- 
_ nidine decreased HR from 70 + 2 to 61 + 3 beats/ 
R; min (p «10 5). Peak rate of LV pressure decreased 
_ from 1,652 + 92 to 1,371 + 80 mm Hg/s (p <1075) 
. and Vmax decreased from 47 + 31041 + 2 s^! (p 
.. <10~‘*). Coronary sinus blood flow decreased from 
|. 109 + 9 to 89 + 7 ml/min (p <0.01) and myocardial 
. oxygen consumption from 10.9 + 1.0 to 9.0 + 0.8 





ml O2/min (p <0.05). At a matched pacing HR of 98 
+ 3 beats/min before and after alinidine adminis- 
tration, peak rate of LV pressure decreased from 
1,984 + 124 to 1,793 + 106 mm Hg/s (p «10^ ^) 
and Vmax from 60 + 5 to 56 + 4 s71 (p <0.02). 
Coronary sinus blood flow and myocardial oxygen 
consumption were not significantly changed at 
matched pacing HRs. The time constant of the first 
40 ms of LV isovolumic relaxation was prolonged by 
alinidine only during spontaneous HR. Thus, alinidine 
results in a bradycardia-dependent decrease in 
myocardial oxygen consumption. It has negative 
inotropic properties independent of changes in HR 
and so is not a pure bradycardia-specific agent. 
(Am J Cardiol 1985;56:270-275) 
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A- Alinidine is a new bradycardic agent that acts without 
_ -receptor blockade.!2 As such, use of alinidine could 
. avoid limitations associated with potentially undesir- 


B 
, 


_ able properties of 8-receptor blockade.? Although its 
_ chemical structure is similar to that of clonidine, its 
- pharmacologic spectrum of action is distinctly different 
- with minimal, if any, vasodilating activity.! Millar and 
. Vaughan Williams proposed that its bradycardic action 
. may be mediated by a unique mechanism of anion-se- 
-lective membrane channel blockade.45 In in vitro 
- models, alinidine has slowed the rate of sinus node 
_ discharge,” an in animals, decreased resting myocardial 
. oxygen consumption (MVO).56 Tn patients with cor- 
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onary artery disease limited by angina, alinidine de- 
creases heart rate (HR) at rest, prolongs the duration 
of exercise and increases the level of maximal work 
without symptoms.?:? 

Even if alinidine acts through a new mechanism of 
anion-channel blockade, then it still must be deter- 
mined whether the drug acts as a unique specific bra- 
dycardic agent. Controversy exists over whether alini- 
dine, in humans, has negative inotropic properties as 
well.?:!° Because changes in HR alone may alter global 
left ventricular (LV) function and metabolism, the di- 
rect effects of alinidine on the heart, other than 
bradycardia, are uncertain. 

Therefore, we assessed the acute hemodynamic and 
myocardial effects of an intravenous dose of alinidine 
in 14 patients undergoing routine catheterization for 
evaluation of suspected coronary artery disease. Indexes 
of LV function, MVO» and coronary blood flow were 
measured before and after administration of the drug. 
To assess the effects of alinidine independent of changes 
in HR, measurements were also made at multiple 
matched atrial paced HRs. 


o 





Methods 

Study population (Table I): The mean age of the patients 
was 54 + 3 years and mean angiographic ejection fraction was 
55 + 4%. Two patients with atypical chest pain had normal 
coronary arteries. Beta-blocking and vasodilating drugs were 
discontinued at least 24 hours before study. Patients were 
studied after an overnight fast without premedication pre- 
ceding routine diagnostic angiography. 

Data collection: Catheterization was performed through 
a right brachial or right femoral approach. In 13 patients, a 
No. 8Fr double micromanometer-tipped catheter (Millar 
Instruments) was advanced into the left ventricle. In 1 patient, 
an 8Fr pigtail micromanometer-tipped catheter (Millar In- 
struments) was advanced into the left ventricle and briefly 
pulled back to the central aortic position during coronary 
blood flow measurements and then reintroduced. LV pressure 
was analyzed using a previously described on-line system to 
measure the following variables: HR, LV peak systolic 
pressure, end-diastolic pressure, peak positive and negative 
rates of LV pressure change (+dP/dt and —dP/dt), velocity 
of the contractile element (dP/dt/P) at a total pressure of 40 
mm Hg (Vce4o), peak measured velocity of the contractile 
element (peak Vce), Vce linearly extrapolated to 0 mm Hg 
(Vmax), and T; and T5, the 2 respective time constants for the 


early first 40 ms and late subsequent phases of LV isovolumic 


relaxation after the occurrence of peak —dP/dt.!? Mean aortic 
pressure (MAP) was determined by digital integration. The 
systolic pressure-rate product was calculated as HR X LVsys 
(beats/min-mm Hg). 

A coronary sinus thermodilution catheter (Webster) was 
placed in the coronary sinus for measurement of coronary 
blood flow, withdrawal of coronary venous samples and atrial 
pacing. Coronary sinus flow (CSF) was determined by the 
thermodilution method of Ganz.!? Coronary vascular resis- 
tance (R) was calculated as MAP/CSF. Aortic arterial (Ao) 
and coronary sinus (CS) oxygen saturation were measured by 
oximetry. MVO» was calculated as CSF X (Ao — CS) X he- 
moglobin concentration (in g/dl) X 0.0136. Alinidine serum 
concentration was measured by radioimmunoassay by the 
method of Arndts and Stáhle.!^ 

Protocol: After placement of catheters, stable repeated LV 
pressures were measured and control coronary blood flow, 
oxygen saturations, and aortic pressure measurements were 
made. Control LV pressure measurements were then obtained 
at spontaneous HR followed by increasing atrial paced HRs 
with increments of 5 to 10 beats/min between measurements. 
A maximal HR approximately 30 beats/min greater than the 
heart rate at rest was chosen to provide a range of HRs and 
minimize the likelihood of angina pectoris or atrioventricular 
block. At the maximal paced HR, coronary blood flow, oxygen 
saturations, and aortic pressures were determined. Pacing was 
discontinued and repeat control measurements made at a 
spontaneous HR. Alinidine, 0.6 mg/kg, was then administered 
by a slow intravenous infusion over 3 minutes. LV measure- 
ments were made every 30 seconds for 4 minutes, coronary 
blood flow, oxygen saturations, and aortic pressures were 
determined, and a final set of spontaneous HR-LV measure- 
ments were made. An arterial sample was withdrawn to 
measure alinidine serum concentration. Patients were again 
atrial paced at increasing HRs with increments of 5 to 10 
beats/min with measurements made at each HR up to an 
identical maximal paced HR as during the pacing measure- 
ments before alinidine. At this rate, coronary blood 
flow, oxygen saturations and aortic pressure were finally 
determined. 

Analysis: Pressure measurements suitable for analysis were 
recorded in 13 patients. In each patient, comparisons before 


VU Es Laer go uA. SERT IE e Nus RISUS TINTE Bt oe a! AE 
& L^ uU p EE es - ke Lir t- E re. j s * D — à w Wii. ee r 
Mo cod aN rt tei OC E aia rs TP, b OA FAA Clo te La Leah EU = 3371 4 





; a. 

TABLE! Patient Characteristic Data Pe 
Age (yr) No. of Vessels Li 

Pt & Sex EF with >50% Stenoses — 

1 27M , 3 m 

2 47M 0.54 1 a 

3 40F 0.60 1 da 

4 70F à 2 2 

5 47M 0.69 0 3 

6 54M 0.56 1 3 

7 69M 0.36 3 a 

8 51F 0.65 0 1 

9 49M 0.64 3 ig 

10 73F 0.16 3 3 
11 48M 0.47 2 | 
12 57M 0.66 3 3 
13 69F 0.59 3 i 
14 60M 0.64 3 A. 
ee 9 


* No EF available because of ventricular ectopic activity during one 
ventriculoangiogram. 
EF = ejection fraction. 
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and after the administration of alinidine were made at the 
spontaneous HR and at the minimal (low matched pacing, P) 
and maximum (high matched pacing, P2) identical paced rates 
obtained before and after the drug. Coronary blood flow and © 
MVO» could be measured in 12 patients and were compared — 
at spontaneous HR and matched maximal paced rate. a 
Statistics: Results are expressed as the mean + standard | 
error of the mean. Group data before and after alinidine ad- — 
ministration were compared by a paired Student t test. A p © 
value «0.05 was considered statistically significant. i 





Results 


Spontaneous heart rate (Tables II and III): al 
mean of 9.3 + 0.4 minutes after administration, HR - 
decreased from 70 + 2 to 61 + 3 beats/min (—12.9%, p — 
«10-5). LV systolic pressure decreased from 146 + 5 to 
140 + 6 mm Hg (4.1%, p <0.05) and LV end-diastolic - 
pressure increased slightly, from 17.8 + 2.2 to 19.2 + 2. 4 
mm Hg (7.9%, p <0.05). The rate-pressure product de- 
creased from 10.2 + 0.4 to 8.6 + 0.6 X 10° beats/min-mm 
Hg (—15.796, p «1075). 

LV peak + dP/dt fell from 1,652 + 92 to 1,371 + 80 
mm Hg/s (17.096, p <107°). Vce40 decreased 15.6%, peak © 
Vce decreased 17.1%, and Vmax decreased 12.8%; all | 
of these changes were statistically significant com- 
pared with control. LV peak —dP/dt decreased from 
1,950 + 96 to 1,845 + 106 mm Hg/s (6.1%, p <0.01). - 
The time constants of isovolumic relaxation, Tı and 
T», increased 12.2% (p <0.001) and 10.5% (p <0. 01), 
respectively. 

During CS flow measurements, CS flow fell from 109 
+ 9 to 89 + 7 ml/min (—18.3%, p <0.02). MVOz de- 
creased significantly, from 10.9 + 1.0 to 9.0 + 0.8 ml. 
O»/min (17.4%, p <0.05). 

Mean alinidine serum concentration determina 
preceding the final atrial pacing in 12 patients was 790. 
+ 112 ng/ml. 

Matched atrial pacing (Tables II and III): Lous 
matched pacing rate (P4): At a matched pacing rate of. 
74 + 3 beats/min before and after alinidine adminis- 
tration, LV +dP/dt decreased from 1,681 + 89 to 1 419 
+ 76 mm Hg/s (12.0%, p <107°). LV —dP/dt decreased | 
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pressure; Vmax = Vce extrapolated to P = 0. 
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from 2,017 + 103 to 1,897 + 116 mm Hg/s (5.9%, p 
.. 0.02). Vce4o decreased 12.1% (p «10-74), peak Vce 
10.5% (p <0.001) and Vmax 10.2% (p «0.001). T, de- 
creased slightly (6.2%, p <0.05) and Tə did not 
- change. 

E. High matched pacing rate (P5): At a matched pacing 
_ rate of 98 + 3 beats/min before and after alinidine ad- 
— ministration, LV +dP/dt decreased from 1,984 + 124 
- mm to 1,793 + 106 mm Hg/s (9.6%, p <0.001). Vce4o 
_ decreased 7.396 (p <0.005), peak Vce 7.7% (p <0.02), and 
Vmax 6.7% (p <0.02). There were no significant changes 
in either LV — dP/dt or T; and T». Coronary flow and 
(M VO» did not change during matched pacing (Fig. 1, 
. 2 and 3). 

B. Discussion 


__ These findings show that alinidine acts both as a 
“negative chronotropic and negative inotropic agent in 
_ patients with coronary artery disease. After alinidine 
- administration, spontaneous HR consistently de- 
| creased, accompanied by decreases in indexes of con- 
jh actility, coronary blood flow, and MVO». When pa- 
tients were paced at both low and high matched HRs, 
the decrease in multiple indexes of contractility per- 
‘sisted. MVO2 measured at the higher pacing rate, 
however, no longer differed significantly from matched 
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il Left Ventricular Function During Control and After Alinidine Administration 
Control Alinidine A96 p Value 
HR (beats/min) S 70+2 61+3 —12.9 «1075 
P1 74 3 74 3 0 NS 
P2 98 +3 98 +3 0 NS 
LVsys (mm Hg) S 146 5 140+6 —4.1 «0.05 
P1 14745 14145 —:1 «0.02 
m P2 1436 138 +5 —3.5 <0.077 = NS 
Ee LVEDP (mm Hg) S 18 +2 19 2 +7.9 <0.05 
E P1 15 £2 16 12 T2.6 NS 
E. P2 10+2 Mee +6.9 NS 
g- HR X LVsys S 10 + 0.4 9 0.6 —15.7 «10-5 y 
EU (beats/min-mma P1 11 X 0.5 10 + 0.6 —4.6 «0.005 
L Hg X 10?) P2 14+ 0.6 14 + 0.6 —3.5 NS 
E LV +dP/dt S 1,652 + 92 1,371 + 80 —7 «1075 
S (mm Hg/s) P1 1,681 + 89 1,479 + 76 "12 «1075 
B. P2 1,984 + 124 1,793 + 106 —9.6 «0.001 
e Vce.o (s) S 32412 2742 —15.66 | «10-5 
x94 P1 33 + 2 29+ 2 712.1 <107* 
“SER P2 413 38 +3 +73 <0.005 
BÉ Peak Vce (s^!) S 35 3 20 +2 —17.1 «0.001 
E P1 38 t3 29 t2 — 10.5 «0.001 
ES P2 52 +5 48 5 mu! P d «0.02 
ES Vmax (s71) S 47 t3 41+2 — 12.8 «107^ 
Bra P1 49 43 44 3 =10.2 <0.001 
E P2 60 4 5 56+ 4 —6.7 <0.02 
oe LV —dP/dt (mm Hg/s) S 1,965 + 96 1,845 + 106 51 «0.02 
OE P1 2,017 + 103 1,897 + 116 -5.9 «0.02 
E P2 2,147 + 123 2,098 + 121 —2.3 NS 
p T1 (ms) S 49 4 5 55 + 5 T1122 «0.001 
cM P1 48 05 51£5 +6.2 <0.05 
EC P2 4415 4405 D or NS 
c T2 (ms) S 38+ 3 42 t4 +10.5 <0.01 
E. P1 37 t4 37 i3 0 NS 
NS P2 314 33 + 4 +6.5 NS 
un. ——————OÓÓÁR i 
OS Values are mean + standard error of the mean (n = 13). 
D. | HR = heart rate; HR X LV sys = rate-pressure product; LVsys = left ventricular systolic pressure; LVEDP 
Ev .  * left ventricular end-diastolic pressure; LV +dP/dt = peak positive first derivative of LV pressure; LV 
ETE —dP/dt = peak negative dP/dt; NS = not significant; P4 = low matched pacing; P> = high matched pacing; 
ES Peak Vce = peak measured Vce; S = spontaneous; T;,T2 = time constants from biexponential fitting 
ME w of the LV isovolumic pressure decay; Vce49 = velocity of the contractile element at 40 mm Hg total 


pacing control. Coronary vascular resistance was un- 


changed during spontaneous or paced HRs. 

Kobinger et al! first reported in 1979 that in animal 
models, alinidine acts as a “specific” bradycardic agent 
in that its negative chronotropic effect appeared more 
prominent than its other cardiovascular effects. Millar 
and Vaughan Williams‘ showed that alinidine decreased 
the spontaneous beating rate in isolated rabbit atria. By 
comparison, in this model, clonidine led to either no 
change or a slight increase in rate.!5 This bradycardic 
action was not related to cholinergic, adrenergic, calci- 
um channel or fast inward current activity.4> Alter- 
ations in alinidine’s effects by replacement of extra- 
cellular chloride with other anions and intracellular 
sinoatrial recordings showing a reduction in the slope 
of slow diastolic depolarization were consistent with a 
mechanism of anion-selective channel blockade. In man, 
Kasper et al!6 showed that a 40-mg dose of alinidine led 
to a 23% increase in PP cycle length with no change in 
PA, AH or HV intervals or QRS duration. 

Brutsaert et al!” identified an additional effect of 
alinidine in rat ventricular cardiac cells that theoreti- 
cally could account for a change in myocardial perfor- 
mance. In rat ventricular cardiac cells, alinidine delayed 
the release of calcium from the intracellular membra- 
nous system with only minor effects on the total amount 
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HR (beats/min) 





P , 
Ao (mm Hg) S j . CM 
P2 116 43 109 4-3 —6.0 «0.02 IB 
CBF (ml/min) S 109 € 9 89 7 —18.3 «0.02 E 
P2 12210 9 1108 —9.8 <0.071 (NS) a 
CVR (mm Hg S 1.08 + 0.10 1.20 + 0.08 +11.1 NS ^ 
ml/min) P2 1.03 + 0.10 1.05 + 0.08 +2.9 NS a. 
Art-CS 0O, S 99 3 1013 +1.8 NS ! 
e (ml/liter) P2 97 13 100 13 +3.8 NS Mi. 
MVO; (ml/min) S 1141 9+1 = TKA <0.05 y 
P2 113 1 11: 1 5.7 NS 
Values are mean + standard error of the mean (n = 12). NE 


CVR = vascular resistance; HR = heart 
oxygen consumption; NS = not significant; P2 = 


. of calcium released or on calcium reuptake, a phenom- 
- enon they named activation stabilization. This selective 


delay in the kinetics of myocardial calcium release could 


= lead to a mechanical asynergy in myocardial function 


equivalent to the effective decrease in LV performance 


= associated with a diffuse intraventricular conduction 
. . defect.!? With no effect on electrical recordings, it is 
= possible that a heterogeneous prolongation in the in- 
- tracellular onset of mechanical activation could lead to 
a global change in the synergy of LV contraction and, 


thus, effectively reduce inotropic state. 

In patients with coronary artery disease and impaired 
LV function, Lóllgen et al? observed a 16% decrease in 
HR at rest after a 20-mg intravenous dose of alinidine. 
Cardiac output remained unchanged as pulmonary 


Art-CSO» = arterial-coronary sinus difference in oxygen content; CBF = coronary sinus blood flow; j: 5 +“. 
rate; MAP = mean aortic pressure; MVO; = 
high matched pacing; S = spontaneous. 


myocardial 
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wedge pressure decreased 19%. Systolic pressut oa le 
creased 7 to 8% and systemic vascular resistance lid no ) 
change. With exercise, alinidine, compared with 
led to increases in stroke volume and cardiac output 
a 28% decrease in pulmonary wedge pressure. Löllg 
et al concluded that alinidine had no significant negativ i 
inotropic effects and improved cardiac performance s 
during exercise. M 
Most of our patients did not. have significa IN 
dysfunction, so it is difficult to compare our reum 
these data. In addition, we did not measure cardia ac. 
output to allow computation of stroke volume. E 3 
In patients with unstable angina or myocardial. in- 
farction, Simoons and Hugenholtz!? found that with 
intravenous doses of up to 40 mg, alinidine led to a 13% o 
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after alinidine at all heart rates. C = 5. 
control. E 
Lv+dP/dt 2400 2400 2400 = 
(mmHg/s) DC RM a 
2000 N 2000 2000 i E 
————— A | E i 
1600 4 È 1600 ] È — 1600 MÀ j 
$ aeg ee ri uc re $ TE | 
1200 E a 1200 ————— 1200 E- 
rss e. m] vU - T E A 
A 





Fa 
Me 


= e F qasr 
"n " d " ^4 i 5 g à 
be 1 dP/dt ’ aed Vinax 
m» 
BP. 
de T 
2000 70 
ca mmHg/s CONTROL gs 
e 
. 1800 60 CONTROL 
M e 
u^ 
pi 1600 50 








ALINIDINE ALINIDINE 


4 N=13 N=13 
-. 1200 30 
i 





HEART RATE, bom HEART RATE, bpm 


FIGURE 2. Effects of alinidine on indexes of systolic function. Despite 
| matched pacing heart rates, both peak positive left ventricular dP/dt 
$ ped t iid and Vmax remained significantly lower after alinidine 


di B rense i in HR. Although mean stroke volume and LV 
filling pressure did not change, in 3 patients drug- 
ee sociated signs of heart failure developed, for which 
_ the drug was discontinued. 
E- In our study, spontaneous HR decreased 12.9% after 
a 0.6-mg/kg intravenous dose of alinidine, a decrease 
. similar to that reported by other studies. This reduction 
in HR was accompanied by a 15.7% decrease in the 
_ Tate- -pressure product and 17.4% decrease in MVO». 
At matched paced HRs, in almost all patients, mul- 
É tiple indexes of contractility were reduced. The 12.1 and 
_ 9.6% decrease in peak +dP/dt observed at low and high 
VT m llatched pacing rates, respectively, is similar to that 
— after intravenous administration of 0.15 mg/kg of pro- 
- pranolol in patients with coronary artery disease at a 
E constant atrial paced HR.!? These changes occurred 
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sita no deatur in LV end- diastolic: pressure. At the low 


matched rate, peak LV systolic pressure and mean 
aortic pressure were slightly lower. At the high matched 
rate, peak LV systolic pressure was unchanged and 
mean aortic pressure was slightly lower. Peak +dP/dt 
is insensitive to changes in afterload?? and should not 
be significantly affected by these minimal decreases in 
pressure. The uniform decrease in “load-independent” 
indexes of systolic function also supports the conclusion 
that the change in systolic function occurred indepen- 
dent of changes in loading. 

At spontaneous HR, alinidine decreased the peak rate 
of LV pressure decline (—dP/dt) and prolonged the time 
constants of both early and late isovolumic relaxation. 
These results would be anticipated from a reduction in 
HR or inotropic state. When compared at matched HRs, 
however, there were no differences in these indexes of 
relaxation with alinidine. This possible dissociation 
between the effect on LV contractility and relaxation 
would be unlike that observed with other negative in- 
otropic agents such as calcium channel blockers,?! and 
could be consistent with the drug's alternative mode of 
action. 

That the decrease in contractility at matched pacing 
HRs was not associated with a significant decrease in 
MVO: is not surprising. Beta blockers also lead to no 
change in MVO» at matched paced HRs.2223 This 
finding is consistent with the hypothesis that the an- 
ticipated decrease in MVO» after a decrease in inotropic 
state may be offset by an increase in ventricular diam- 
eter and systolic wall tension.?4 

Why Lóllgen et al? failed to observe a negative ino- 
tropic effect with alinidine in patients with coronary 
artery disease and LV dysfunction is uncertain. The 
methods used in their study (right-sided cardiac cath- 
eterization) are much less sensitive than those used in 






FIGURE 3. Summary of comparative 
changes in left ventricular (LV) function 


I 





——1-9.6 and coronary hemodynamics after ali- 

217 nidine administration at spontaneous at 

high matched ing heart rates (HR). 

HReLVsys — LV«dP/dt oh mation phaina nio e. 


Although changes in indexes of LV 
function persisted at matched HR, there 
was no significant change in either 
coronary blood flow or myocardial 
oxygen consumption (MVO5). Ao = 
mean aortic pressure; (A-V)O» diff = 
arterial-coronary sinus difference in 
oxygen content; CBF — coronary blood 
flow; CVR = coronary vascular resis- 
tance; HR-LVsys = product of HR-LV 
peak systolic pressure; LV + dP/dt = 
peak rate of LV pressure; NS = not 
significant. 


Aral aad Jf SICH ot GE NE ilia 


~4 








57 -- wt : 7 iy V» C munt TEE. E trie 


the present study. That the negative inotropic property 
may nonetheless be important is confirmed by the 
finding of Simoons and Hugenholtz!? that alinidine did 
lead to clinical heart failure in several patients with 
acute severe ischemic heart disease. 

Administration of alinidine leads to detectable levels 
of the metabolite clonidine after 3 hours that reach low 
peak levels in 8 to 9 hours.?926 This would not affect the 
results obtained from this acute study, but could have 
a pharmacologic effect on sympathetic activity with 
chranic use. 

In stable patients, alinidine could offer an alternative 
to -blocking drug therapy in the presence of atrio- 
ventricular block, obstructive lung disease or potential 
hypoglycemia. In an initial report, when alinidine was 
compared to the -blocker metoprolol in patients with 
chronic stable angina, both similarly reduced angina 
symptoms and increased maximal workload with no 
limiting side effects encountered with either drug.?" 
Alinidine, however, led to a smaller reduction in HR at 
rest, maximal exercise HR and maximal exercise rate- 
pressure product. The role of the metabolite clonidine 
will also have to be assessed, because this agent has also 
been reported to be beneficial in patients with angina 
pectoris.?8 

Whether patients with LV dysfunction can tolerate 
alinidine better than 6-blocking drugs is uncertain. 
Theoretically, in patients with severe heart failure re- 


quiring inotropic support with catecholamines, alinidine 


could prevent an undesired tachycardia while relatively 
preserving inotropic augmentation.?? In general, how- 
ever, any bradycardic and negative inotropic agent is 
contraindicated in patients critically dependent on 
sympathetic stimulation in whom cardiac output is 
maintained by an increased HR. 
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P CME Test 426 


4 .. Value of Programmed Stimulation and Exercise Testing in Predicting 
E. One-Year Mortality After Acute Myocardial Infarction * : 







E. 
b. The University of Alabama School of Medicine designates this continuing medical education activity for 1 credit hour in Category 
id 1 of the Physician's Recognition Award of the American Medical Association. Answers are to be marked on the instruction sheet 
- on page A104. 
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y 1 s 1. In this study, the following criteria were considered for the 6. Inthis study, the mortality predictability of exercise testing 


diagnosis of acute myocardial infarction: was: 

a) typical chest pain a) unproved 

b) evolution of electrocardiographic changes b) a statistically significant result 

c) elevation of cardiac enzyme levels C) observed as a trend in line with other studies 
d) any 2 of the above d) a contradiction to other studies 


~ 2., At programmed stimulation, patients were considered to 
have inducible arrhythmias if ventricular tachycardia (VT) 
or ventricular fibrillation lasted: 

a) more than 10 seconds 

b) more than 15 seconds 

c) more than 5 seconds 

d) more than 20 seconds 


7. Inthis study, an extremely low mortality rate occurred in a 
large group of patients who had: 
a) no evidence of inducible VT or ventricular fibrillation 
b) no evidence of ST-segment change on exercise testing 
c) both a & b above 
d) none of the above 


- 3. The main indications for performing coronary angiography 
—.. included: 

a) dyspnea 

b) presyncope 

C) sustained VT 

d) recurring angina 


8. Reducing risk of atheroma progression does not include: 
a) controlling smoking habits 
b) using 8 blockers 
c) control of blood pressure 
d) control of serum lipoprotein levels 
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|... 4. The mortality rate of the 175 patients who had pro- 9. Risk from preexisting atheromatous obstruction is treat- 
= grammed stimulation was: able by: 
ad a) 6 blockade 
E. b) 10 3s b) angioplasty 
m". ©) 15 3o C) coronary artery grafting 
Am d) 20% d) any of the above 
|... 5. The 1-year mortality rate of patients admitted to the coro- 
fy nary care unit was: 10. Reentrant ventricular tachyarrhythmias may be treated by: 
e a) 2296 a) implantable defibrillators 
I b) 1096 b) angioplasty 
^ €) 12% c) B blockade 
it .. d) 21% d) any of the above 
he 


*This article appears on page 213 of this issue. 
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3 Relieves sygagptoms. 
Significantly greater improvement in 
dyspnea, fatigue, orthopnea, and edema 
- with CAPOTEN than with digitalis and 
diuretics alone." 


1 Increases ability to exercise. 


A 24.3% increase after 12 weeks of 
CAPOTEN versus 0.4% with digitalis 
and diuretics alone. 


ACE "INHIBITOR 


"Improved" 


tients Rated Themselves 
th CAPOTEN' 


Percentage of Patients Who Felt “Improved” 


8 out of 10 


CAPOTEN' 80.5% 
(N = 46) 


ENENNNSNS Placebo’ 30.0% 
; ENSE (N = 40) 


J Use CAPOTEN when symptoms 
persist despite digitalis and diuretic 
therapy. 


IN HEART 


FAILURE’ 


(APOTEN 
(captopril tablets) 


YOUR FIRST CHOICE 


AFTER DIGITALIS AND DIURETICS 


“Angiotensin Converting Enzyme 
' Ninety-two. patients, refractory to but continuing on digitalis and 
di s, were given CAPOTEN or placebo for 12 weeks. Patients 
vere og 'arily New York Heart Association Class II and Class III 
ot CAPOTEN ranged from an initial 25 mg tid to a 


of 100 mg tid 


Do 
maximum maintenance dt sage 
*Given with digitalis and diuretics. 
SCAPOTEN is indicated in patients with heart failure who 
_ have not responded adequately to or cannot be controlled by 
convehtional diuretic and yov RAEPYACAPOT, EN i is to 
be used rin iuo dnt gialis; =- y 
f-summary-c ign pbinganformatn o on last page 
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4 AL AY ws T 
X captopril tablets 
Precautionary guidelines 
CAPOTEN has been associated with 
the development of neutropenia/ 
agranulocytosis (0.396 of 4,000 
patients) or proteinuria (1.296 of 
4.000 patients)’ These serious side 
effects are more likely to occur in 
patients with predisposing condi- 
tions, such as renal impairment or 
autoimmune disease, or in patients 
receiving therapy known to suppress 
the immune response. The following 
precautionary guidelines are recom- 


mended for all patients receiving 
CAPOTEN: 


C] Obtain urinary protein level 
estimates prior to initiating therapy, 
at monthly intervals for the first 
nine months of treatment, and 
periodically thereafter. 


L] Obtain WBC counts at the initia- 
tion of therapy, at two-week intervals 
for the first three months of treat- 
ment, and periodically thereafter. 


C] Carefully review the WARNINGS 
and ADVERSE REACTIONS sections 
in the complete prescribing informa- 
tion, with particular attention to the 
patient at increased risk. 


[ ] The most frequently occurring 
adverse reactions are skin rash and 
taste alteration; both effects are gen- 
erally mild, reversible, or self-limited. 


* Angiotensin Converting Enzyme 


Reference: 

1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- 
controlled trial of captopril in refractory chronic 
congestive heart failure. J Am Col Cardiol 
2:755-763, 1983. 


*Please see the following brief summary of full 
prescribing information for INDICATIONS 
AND USAGE, WARNINGS, and ADVERSE 
REACTIONS. 
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ous adverse effects have been reported (see WARN- 
INGS), CAPOTEN is indicated for treatment of 
hypertensive patients who on multidrug regimens 
have either failed to respond satisfactorily or 
developed unacceptable side effects. 


Heart Failure: CAPOTEN (captopril) is indi- 
cated in patients with heart failure who have not 
responded adequately to or cannot be controlled 
by conventional diuretic and digitalis therapy. 
CAPOTEN is to be used with diuretics and 
digitalis. 

WARNINGS: Proteinuria — Total urinary pro- 
teins ^1 g/day were seen in 1.2% of patients on 
captopril; the nephrotic syndrome occurred in 
about one-fourth of these cases. About 60% of 
affected patients had evidence of prior renal dis- 
ease; the remainder had no known renal dysfunc- 
tion. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was 
continued. The BUN and creatinine were seldom 
altered in proteinuric patients. 

Membranous glomerulopathy was found in 
nearly all of the proteinuric patients on captopril 
who were biopsied and may be drug related. Most 
cases of proteinuria occurred by the eighth month 
of therapy. Patients should have urinary 
estimates (dip-stick on first morning 
quantitative 24-hour urine — th 
greater precision when, prófei 


of therapy, and period 
tients who develop pro 


continuing captopril shoulc 
Neutropenia/Agranulg 


erythematosus 
collagen disorder; multiple ¢ 
apy was common, including 
therapy ina few cases. Daily 
the leukopenic patients were 
ticularly in view of their dim 
tion. The neutropenia appeared 3 to 12 weeks after 
starting captopril; it developed relatively slowly, 
taking 10 to 30 days to have white blood count fall 
to its nadir; neutrophils returned to normal in 
about two weeks (other than two patients who 
died of sepsis). 

Use captopril with caution in patients 
with impaired renal function, serious auto- 
immune disease (particularly SLE), or who 
are exposed to other drugs known to affect 
the white cells or immune response. In pa- 
tients at particular risk (as noted above), 
perform white blood cell and differential 
counts prior to therapy, at about 2-week in- 
tervals for about the first 3 months of ther- 
apy, and periodically thereafter. 

The risk of neutropenia in patients who are less 
seriously ill or who receive lower dosages appears 
to be smaller. In these patients white blood cell 
counts should be performed every 2 weeks for the 
first 3 months of therapy, and periodically there- 
after. Perform differential counts when leukocytes 
are —4000/mm? or the pretherapy white count is 
halved. All patients treated with captopril should 
be told to report any signs of infection (e.g., sore 
throat; fever); if infection is suspected, perform 
counts without delay. Since discontinuation of 
captopril and other drugs has generally led to 
prompt return of the white count to normal, upon 
confirmation of neutropenia (neutrophil count 
<1000/mm?) withdraw captopril and closely 
follow the patient's course. 


Hypotension — Excessive hypotension was rarely 
seen in hypertensive patients but is a possibility in 
severely salt/volume-depleted persons such as 
those treated vigorously with diuretics (see PRE- 




































of the patients. This transient hypotension may 
occur after any of the first several doses and is 
usually well tolerated, although rarely it has been 
associated with arrhythmia or conduction defects. 
A starting dose of 6.25 or 12.5 mg tid may mini- 
mize the hypotensive effect. Patients should be 
followed closely for the first two weeks of treat- 
ment and whenever the dose of captopril and/or 
diuretic is increased. 

BECAUSE OF THE POTENTIAL FALL IN 
BLOOD PRESSURE IN THESE PATIENTS, 
THERAPY SHOULD BE STARTED UNDER 
VERY CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal 
Function, Hypertension — Some hypertensive pa- 
tients with renal disease, particularly those with 
severe renal artery stenosis, have develeped in- 
creases in BUN and serum creatinine. It may be 
necessary to reduce captopril dosage and/or dis- 
continue diuretic. For some of these patients, nor- 
malization of blood pressure and maintenance of 
adequate renal perfusion may not be possible. 
Heart Failure — About 20% of patients develop 

able elevations of BUN and serum creatinine 
above normal or baseline upon long-term 
ent. Less than 5?6 of patients, generally 
vere preexisting renal disease, required 
nuation due to progressively increasing 
: D ADMINISTRA- 
S [Altered Lab- 
enosis — A theoretical 
onary perfusion, 
or treatment in 
e to decreased 


potension occurs dur- 
esia, and is considered 


ients on Di- 
tion of blood 
in the first 3 


e initial captopril 
especially those 


be minimized by either discontinuing the diu- 
retic or increasing the salt intake about 1 week 
prior to initiation of captopril therapy. 
Alternatively, provide medical supervision for at 
least 3 hours after the initial dose in hypertensive 
patients. 

Agents Having Vasodilator Activity —In heart 
failure patients vasodilators should be administered 
with caution. 

Agents Causing Renin Release — Captopril's ef- 
fect will be augmented by antihypertensive agents 
that cause renin release. 

Agents Affecting Sympathetic Activity —The 
sympathetic nervous system may be especially 
important in supporting blood pressure in pa- 
tients receiving captopril alone or with diuretics. 
Beta-adrenergic blocking drugs add some further 
antihypertensive effect to captopril, but the over- 
all response is less than additive. Therefore, use 
agents affecting sympathetic activity (e.g., gangli- 
onic blocking agents or adrenergic neuron block- 
ing agents) with caution. 

Agents Increasing Serum Potassium—Give 
potassium-sparing diuretics or potassium supple- 
ments only for documented hypokalemia, and then 
with caution, since they may lead to a significant 
increase of serum potassium. 

Drug/Laboratory Test Interaction: Captopril 
may cause a false-positive urine test for acetone. 


Carcinogenesis, Mutagenesis and Impair- 
ment of Fertility: Two-year studies with doses 
of 50 to 1350 mg/kg/day in mice and rats failed to 
show any evidence of carcinogenic potential. Stud- 
ies in rats have revealed no impairment of fertility. 


Usage in Pregnancy: There are no adequate 
and well-controlled studies in pregnant women. 
Embryocidal effects were observed in rabbits. 
Therefore, captopril should be used during preg- 
nancy only if the potential benefit outweighs the 
potential risk to the fetus. 


(continued on next page) 525-507 
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Nursing Mothers: Captopril is secreted in hu- 
man milk. Exercise caution when administering 
captopril to a nursing woman, and, in general, 
nursing should be interrupted. 

Pediatric Use: Safety and effectiveness in chil- 
dren have not been established although there is 
limited experience with use of captopril in chil- 
dren from 2 months to 15 years of age. Dosage, on 
a weight basis, was comparable to that used in 
adults. Captopril should be used in children only 
if other measures for controlling blood pressure 
have not been effective. 


ADVERSE REACTIONS: Reported incidences 
are based on clinical trials involving approximately 
4000 patients. 

Renal — One to 2 of 100 patients developed pro- 
iu M (see WARNINGS). Renal insufficiency, 
rena failure, polyuria, oliguria, and urinary fre- 
quency in 1 to 2 of 1000 patients. 

Hematologic — Neutropenia/agranulocytosis oc- 
curred in about 0.3% of captopril-treated patients 
(see WARNINGS). Two of these patients 
developed sepsis and died. 

Dermatologic — Rash (usually maculopapular, 
rarely urticarial), often with pruritus and some- 
times with fever and eosinophilia, in about 10 of 100 
patients, usually during the first 4 weeks of therapy. 
Pruritus, without rash, in about 2 of 100 patients. 
A reversible associated pemphigoid-like lesion, and 
photosensitivity have also been reported. Angio- 
edema of the face, mucous membranes of the 
mouth, or of the extremities in about 1 of 100 
patients — reversible on discontinuance of captopril 
therapy. One case of laryngeal edema reported. 
Flushing or pallor in 2 to 5 of 1000 patients. 

Cardiovascular — Hypotension in about 2 of 100 
patients. See WARNINGS (Hypotension) and 
PRECAUTIONS (Drug Interactions) for discus- 
sion of hypotension on initiation of captopril ther- 
apy. Tachycardia, chest pain, and palpitations each 
in about | of 100 patients. Angina pectoris, myocar- 
dial infarction, Raynaud’s syndrome, and conges- 
tive heart failure each in 2 to 3 of 1000 patients. 

Dysgeusia — About 7 of 100 patients developed a 
diminution or loss of taste perception; taste 
impairment is reversible and usually self-limited 
even with continued drug use (2 to 3 months). 
Gastric irritation, abdominal pain, nausea, 
vomiting, diarrhea, anorexia, constipation, 
aphthous ulcers, peptic ulcer, dizziness, headache, 
malaise, fatigue, insomnia, dry mouth, dyspnea, 
and paresthesias reported in about 0.5 to 2% of 
patients but did not appear at increased frequency 
compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of 
liver enzymes in a few patients although no causal 
relationship has been established. Rarely 
cholestatic jaundice and hepatocellular injury with 
secondary cholestasis, have been reported. A tran- 
sient elevation of BUN and serum creatinine may 
occur, especially in volume-depleted or 
renovascular hypertensive patients. In instances 
of rapid reduction of longstanding or severely 
elevated blood pressure, the glomerular filtration 
rate may decrease transiently, also resulting in 
transient rises in serum creatinine and BUN. Small 
increases in serum potassium concentration fre- 
quently occur, especially in patients with renal 
impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern in correction 
of hypotension. Volume expansion with an I.V. in- 
fusion of normal saline is the treatment of choice 
for restoration of blood pressure. Captopril may 
be removed from the general circulation by 
hemodialysis. 


DOSAGE AND ADMINISTRATION: CAP- 
OTEN (captopril) should be taken one hour before 
meals. In hypertension, CAPOTEN may be dosed 
bid or tid. Dosage must be individualized; see DOS- 
AGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage 
in hypertension and in heart failure. Because CAP- 
OTEN (captopril) is excreted primarily by the kid- 
neys, dosage adjustments are recommended for 
patients with impaired renal function. 

Consult package insert before prescribing 
CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 
25, 50, and 100 mg in bottles of 100 (25 mg also 
available in bottles of 1000), and in UNIMATIC* 
single dose packs of 100 tablets. (J3-658B) 


(O 1985 E.R. Squibb & Sons, Inc., 
Princeton, NJ 08540 525-507 Issued: June 1985 
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Hemodynamic and Pathological Correlatidaii | 


by Jose Missri, MD 


0-914316-41-9, 282 pages, 173 illus., Oct. '84, $45 00- a: 


Dr. Missri has produced a unique contribution to the further _ 1 E 
understanding and application of Doppler echocardiography in | 
the clinical practice of medicine. This book provides the reader _ 
with ready access to a body of knowledge so logically and clearly | 
presented that its practical utility is undeniable. Enhanced by 
139 halftones, 16 line drawings and 18 tables, the information |. 
contained within its concise 282 pages is easily absorbed. And | 

the 315 references cited not only support the material presenta 

but serve as an excellent guide to anyone interested in further 


in-depth reading. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 





Efficacy of Combination Therapy with Mexiletine and a Type 
IA Agent for Inducible Ventricular Tachyarrhythmias 
Secondary to Coronary Artery Disease 


ALLAN M. GREENSPAN, MD, SCOTT R. SPIELMAN, MD, CHARLES R. WEBB, MD, 
NEIL M. SOKOLOFF, MD, ALAN P. RAE, MD, and LEONARD N. HOROWITZ, MD 





The efficacy of combination therapy using a type IA 
agent (quinidine or procainamide) and a type IB 
agent (mexiletine) In suppressing inducible sus- 
tained ventricular tachyarrhythmlas was studied In 
23 patients undergoing serial drug testing with 
programmed stimulation. All patients had coronary 
artery disease (CAD) with previous myocardial In- 
farction and abnormal left ventricular function (mean 
eJection fraction 3596). Fifty-five percent of the 
patlents presented with syncope or cardlac arrest. 
In 19 patients therapy had failed during empiric trials 
of 1 to 3 antiarrhythmic agents. All 23 patients had 
Inducible sustained ventricular tachyarrhythmias (18 
had uniform morphology sustained ventricular 
tachycardla (VT) and 5 had ventricular fibrillation 
[VF]) during control electrophysiologic study, and 
therapy had falled with a type IA agent and mexi- 
letine alone. The combination therapy of mexiletine 
and the type IA agent prevented induction of any 


The efficacy of standard antiarrhythmic agents against 
ventricular tachyarrhythmias as judged by passive re- 
cording techniques is relatively low.L? With serial drug 
testing using programmed stimulation, a single suc- 
cessful standard agent that suppresses inducibility of 
ventricular tachyarrhythmias can be found in only 35 
to 59% of patients.24 With some agents, achieving 
plasma levels adequate for arrhythmia suppression is 
limited by adverse effects. The use of combination 
therapy with 2 antiarrhythmic agents having additive 


From the Division of Clinical Cardiac Electrophyslology of the Likoff 
Cardiovascular Institute, Hahnemann University Hospital and School 
of Medicine, Philadephia, Pennsylvania. Dr. Rae's current address: 
Department of Medical Cardiology, Royal Infirmary, Glasgow, Scotland. 
Manuscript received October 19, 1984; revised manuscript received 
April 4, 1985, accepted April 5, 1985. 

Address for reprints: Allan M. Greenspan, MD, Likoff Cardiovascular 
Institute, Hahnemann University, 6617 New College Bullding, 230 North 
Broad Street, Philadelphia, Pennsylvania 19102. 
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ventricular tachyarrhythmlas In 8 of 23 patients. in 
15 patients, the combination significantly prolonged 
the tachycardia cycle length and reduced the 
symptoms associated with the Induced arrhythmia. 
Patients more likely to respond to the combination 
had shorter cycle lengths and polymorphic config- 
uration of the control-induced arrhythmla. The in- 
creased efficacy of the combination therapy could 
not be attributed to higher plasma drug levels for the 
combination, as there was no significant difference 
in plasma levels for each drug when given alone or 
In combination. Thus, the Increased efficacy most 
likely reflects a synerglstic electropharmacologic 
effect of the 2 agents. These findings suggest that 
combination therapy with type IA and IB agents may 
be an important addition to pharmacologic therapy 
of life-threatening ventricular arrhythmias. 


(Am J Cardiol 1985;56:277-284) 


effects and differing toxicities may provide an approach 
to overcome the limitations just mentioned. The com- 
bination of quinidine and mexiletine was suggested by 
a study of patients with ventricular tachyarrhythmias 
evaluated by 24-hour Holter recordings.» We therefore 
evaluated the combination of a type IÀ agent, quinidine 
or procainamide, the single most effective group of 
available antiarrhythmic drugs in our experience,9 and 
a type IB agent, mexiletine, in an effort to expand 
the standard antiarrhythmic drug regimens avail- 
able for suppression of sustained ventricular tachy- 


arrhythmias. 


Methods 


‘Twenty-three consecutive patients with inducible sustained 
ventricular tachycardia (VT) or ventricular fibrillation (VF) 
and coronary artery disease (CAD), who underwent serial 
electrophysiologic studies with drug testing, and in whom 








TABLE! Clinical Characteristics of the Study Population 
Age (yr) EF Wall Motion Clinical Clinical 
Pt & Sex ECG (96) Abnormaiity Presentation Arrhythmia 
1 50M IMI/LMI 37 Diffuse CA VT-S 
2 59M IMI 41 Septum Syncope VT-NS 
3 78M AMI 17 Diffuse Paipitations/ VT-S 
near syncope 
4 77M LBBB 39 . Anterior Syncope VT-NS 
5 57M IMI 35 Inferior NA NA 
6 52M IMI 36 0 Palpitations/ VT-S 
near syncope 
7 68F AMUIMI 47 Diffuse Syncope VT-S 
8 65M IMI 58  Inferlor Near syncope VEA 
9 61M IMI/PMI 46 inferior VF 
10 61F PRWP 15  Amerlor Palpitatlons/ VT-S 
. hear syncope 
11 54F AMI/IMI 11 , Anterolateral/ Syncope VT-S 
septum infero- 
basal an 
12 59F AMI 18 Anteroapical an Syncope VT-S 
13 B2M PMI/IVCD 54 . Anterior Syncope VT-S 
14 70M IMI 41  Apex/inferior Syncope NA 
15 42M AMI/IM} 29 Diffuse Syncope NA 
16 61M AMI/ALMI 14 Apical an Near syncope VT-NS 
17 43M LVH 55 0 VT-NS 
18 68M IVCD 61 0 Palpitations VT-S 
19 62M IMI/1°AVB 37 NA Palpitations VT-S 
20 63M AMI 20 Anterior CA VT-S 
21 61M AMI 14. Septum/anterlor Near syncope VT-S 
22 74M IMI 42 Inferior Palpitations VT-S 
23 59M LBBB 17  Anteroaplcal Angina VT-S 


an septum . 
ALMI = anterolateral myocardial Infarction; AMI = anterior myocardial Infarction; an = aneurysm; CA 
= cardiac arrest; 1° AVB = first degree heart block; EF = ejection function; IMI = inferlorrmyocardial In- 


farction; IVCD = Intraventricular conduction delay; LBBB = 


left bundie branch block; LM! = lateral myo- 


cardial infarction; LVH = left ventricular hypertrophy; NA = not available; PMI = posterior myocardial 


Infarction; PRWP = 


poor R wave progression, precordially; VEA = ventricular ecoptic activity; VF = 


ventricular fibrillation; VT-S = sustained, uniform morphology ventricular tachycardia; VT-NS = nonsus- 


talned ventricular tachycardia. 


mexiletine alone and a type IA agent alone failed to prevent 


induction of the arrhythmia, were tested on a combination of 
the type IA agent and mexiletine. Sustained VT was defined 
as uniform morphology VT lasting longer than 30 seconds or 
requiring termination before 30 seconds because of hemody- 
namic compromise. VF was defined as a sustained ventricular 


‘tachyarrhythmia in which for at least 3 seconds after initia- 


tion, the surface electrocardiographic leads showed typical 
VF. The clinical characteristics of the study population are 
listed in Table I. On average, each patient failed clinical trials 
with 1.5 antiarrhythmic agents (range 0 to 3). The agents used 
most frequently were procainamide (12 trials) and quinidine 
(11 trials). 

Patients were initially studied after discontinuation of all 
antiarrhythmic agents for at least 5 half-lives and in the post- 


‘absorptive state. Multipolar electrode catheters were posi- 


tioned at the high right atrium atrioventricular junction near 
the His bundle and right ventricular apex. The right ven- 
tricular apical catheter was subsequently moved to the right 
ventricular outflow tract to complete the stimulation 
protocol. 

' The standard protocol for programmed ventricular stim- 
ulation included the introduction of 1, 2 and 3 ventricular 


_extrastimuli during sinus rhythm and at 2 drive cycle lengths 
' (600 and 450 ms) at the right ventricular apex and outflow 


tract. Stimulus current was delivered as a rectangular pulse, 


1 ms in duration and 2 times late diastolic threshold in am- 


plitude. Induction of a sustained ventricular tachyarrhythmia 
was repeated to ensure reproducibility unless syncope de- 
veloped and required cardioversion or defibrillation for ter- 


- mination. If no sustained ventricular tachyarrhythmia could 


be reproducibly initiated from the right ventricular apex, the 


. stimulation protocol was repeated at the right ventricular 
outflow tract. i 


The stimulation protocol was completed unless a sustained 
ventricular tachyarrhythmia was induced. An antiarrhythmic 
drug was then administered and programmed stimulation was 
repeated at both the right ventricular apex and outflow tract. 
Drug testing was considered successful only if fewer than 6 
intraventricular reentrant complexes were inducible from 
either site with the entire stimulation protocol. 

Quinidine as either sulfonate or gluconate was administered 
in doses of 300 to 600 mg orally, every 6 hours or 330 to 660 mg 
orally, every 8 hours, respectively; procainamide was admin- 
istered in doses of 1,000 to 2,000 mg orally, every 6 hours, or 
500 mg to 2,800 mg intravenously, and mexiletine was ad- 
ministered in doses to 150 to 400 mg orally, every 8 hours, or 
350 to 500 mg intravenously (Table II). Oral doses for the type 
IA agents were chosen as the highest tolerated standard dose, 
and plasma levels measured at the time of electrophysiologic 
study were documented to be in the therapeutic range. In- 
travenous procainamide doses were generally 20 mg/kg and 
administered at 50 mg/min unless hypotension or electro- 
physiologic toxicity surpervened, aborting drug administra- 
tion. Oral mexiletine doses were the highest tolerated dose 
limited by adverse effects. Intravenous mexiletine doses were 
5 mg/kg administered at 10 mg/min unless hypotension or 
adverse effects supervened, aborting drug administration. 


Results 


An example of analog records from serial drug testing 
using programmed stimulation and demonstrating a 
successful response only to the combination therapy is 
shown in Figure 1. 

Baseline electrophysiologic studies: The results 
of the baseline electrophysiologic studies are shown in 
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TABLE li Drug Route of Administration and Plasma Levels 
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IV = intravenously; M = mexiletine; NA = not avallable; PA = procainamide; PO = orally; Q = quinidine. 
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FIGURE 1. Analog records of serial drug testing using programmed 
ventricular stimulation in 1 of the study patients. Three surface elec- 
trocardlographic leads (I, aVF and V4) and 1 to 3 intracardiac electro- 
grams from the high right atrium (HRA), His bundle area (HBE) and right 
ventricular apex (RVA) are recorded simultaneousiy. Under control 
conditions (upper tracing), triple ventricular extrastimull (S2,S3,S4) 
induced ventricular fibrillatlon. Procainamide and mexiletine (second 
and third tracings, respectively) given alone failed to prevent induction 
of ventricular fibrillation, although the induction modes capable of int 
tlating the tachyarrhythmia were altered. The combination of procain- 
amide and mexiletine (bottom tracing), however, prevented induction 
of any ventricular tachyarrhythmla with the complete stimulation 
protocol. 


Tables III through V and Figure 2. Sustained, uniform 
morphology VT was induced in 18 patients during the 
control electrophysiologic study and VF was induced 
in 5 (Fig. 2, Table IIT). The induced-VT cycle length 
varied between 160 and 410 ms (mean 251) (Fig. 3). VT 
produced syncope in 13 patients, angina in 2, dizziness 
in 6 and palpitations only in 2 (Table V). VF caused 
syncope or near-syncope in 5 patients (Table V). 
Induced VT was terminated by programmed ven- 
tricular stimulation in 8 patients, but required cardio- 
version in 10 patients. The pacing modalities that ter- 
minated VT included double ventricular extrastimuli 


TABLE III Induced Arrhythmias 
VF (Control) (n = 6) 
Drug VT-S VT-NS (U) VT-NS (P) 
IA 0 (096) 0 (096) 4 (80%) 
Mexiletine 0 (096) 0 (096) 4 (8096) 
Combination 0 (096) 1 (20%) 0 (096) 


Abbreviations as in Table |. 


Nel 
Pe O VF 
VF L] 
eo N*5 VT-NS None 


iIA-M 


FIGURE 2. Number of patients with a given Induced ventricular tachy- 
arrhythmia under control conditions (C) and after administration of a 
type IA agent (IA), mexiletine (M) and combination of a type IA agent 
and mexlletine (IA + M) are plotted as bar graphs. VF = induced venm- 
tricular fibrillation; VT-NS = polymorphic nonsustained ventricu- 
lar tachycardia; VT = uniform morphology, sustained ventricular 
tachycardia. 


in 2 patients and overdrive right ventricular pacing in 
6 patients (Table IV). VF required defibrillation in 4 
patients. The mean ventricular effective refractory 
period at the right ventricular apex during pacing at a 
cycle length of 450 ms (VERP-450) was 234 + 16 ms 
(Fig. 3). 

Electrophysiologic studies with type IA agents: 
The results of electrophysiologic testing with the type 
IA agents are shown in Tables III through V. The mean 
plasma quinidine level was 3.6 + 1.7 mg/liter and the 
mean plasma procainamide level was 11.5 + 5.4 mg/liter 


(Fig. 4). All patients had an inducible ventricular . 


tachyarrhythmia while receiving the type IA agent, and 
sustained VT or VF was still inducible in 15 of 23 pa- 
tients (Fig. 2). In 4 of 18 patients whose baseline ar- 
rhythmia was sustained VT, only nonsustained VT was 
induced on a type IA agent. In 4 of 5 patients with 
baseline VF, polymorphic nonsustained VT was in- 
ducible after the type IA agent (see Table III). 

The modes of termination of the induced ventricular 
tachyarrhythmia on a type IA agent are listed in Table 
IV. Of the 15 patients in whom sustained ventricular 
tachyarrhythmias were induced, 5 required cardiover- 
sion for termination, 8 were terminated with overdrive 
pacing and 2 with ventricular extrastimulation (Table 
IV). The mean VT cycle length for patients receiving a 
type IA agent was 324 + 66 ms, which was significantly 
greater than that of the control (p <0.002) (Fig. 3). Five 


VT-S (Control) (n = 18) 


VF VT-S VT-NS (U) VT-NS (P) VF 
1 (2096) 14 (7896) 2 (1196) 2 (1196) 0 (096) 
1(2096) 15 (8396) 2 (1196) 0 (096) 1 (696) 
0 (096) 11 (6196) 3 (1796) 0 (026) 0 (096) 


~ 


TABLE IV Termination Modes | 








| ^ Drug C ODP D-VES S-VES SP n 
Control 14 (6196) 6 (2696) 2 (896): 0 (096) 1 (496) 23 
Type IA 5 (22%) 8 (35%) 1(4%) 1(4%} 8(35%) 23 
Mexiletine 5 (2296) 7 (3096) 3 (1496) 1 (496) 7 (3096) 23 
Comblnatlon 0 (096) 5 (3396) 3 (20%) 2 (14%) 5 (3396) 


C = cardioversion; D-VES = double ventricular extrastimull; ODP = overdrive pacing; SP = spontaneous; 


S-VES = single ventricular extrastimull. 


p TABLE V Arrhythmia Symptoms 
! Drug Syncope Angina Dizziness  . Palpitations Asymptomatic n 
Control 13(56%) 2(9%) 6 (26%) 2(9% 0 (0%) 23 
Type IA 5 (22%) ^ 0(0%) 3 (13%) 6 (26%) 9 (39%) 23 
Mexlletine 3 (1396) 0 (096) 11 (4896) 7 pea 2 (996) 23 
1 (796) 4 (2696 10 (67 96) 15 


Combination  0(0%) 0 (096) 


1 
i 
i 


patients had syncope, 3 patients dizziness and 15 had 
only palpitations or were asymptomatic during their 


induced ventricular tachyarrhythmia on the type IA 


agent (Table V). The mean VERP-450 was 271 + 22 ms 
after type IA agents, which was significantly greater 
than control (p «0.001) (Fig. 3). 
^. Electrophysiologic studies with mexiletine: The 
results of the electrophysiologic studies with mexiletine 
are shown in Tables III through V. The mean mexiletine 
plasma level achieved during electrophysiologic drug 
testing was 1.0 + 0.4 mg/liter (Fig. 4). With mexiletine 
eatment, all patients had an inducible ventricular 
tachyarrhythmia. Sustained VT was induced in 15 of 
18 patients in whom it was present under control con- 
ditions, and VF was induced in 1 of the 18. VF was in- 
duced i in 1 of the 5 patients who had it under control 
conditions (Fig. 2). In 6 patients, 4 with baseline VF and 
2 with baseline sustained VT, only nonsustained VT was 
inducible after mexiletine (Table IID. 
i The modes of termination of ventricular tachyar- 
rhythmias after mexiletine are shown in Table IV. Of 
the 16 patients with sustained ventricular tachyar- 
rhythmias induced with mexiletine, in 7 it was termi- 
nated with overdrive pacing, in 4 with ventricular ex- 
trastimulation and in 5 with cardioversion. 
, The mean induced-VT cycle length for patients on 
mexiletine was 269 + 69 ms, which was significantly 


greater than the mean cycle length under control con- ` 


ditions (p «0.04) (Fig. 3). VT caused syncope in 1 pa- 


tient and dizziness in 11; 9 patients had only palpite 
tions or were asymptomatic. VF caused syncope in th 
2 patients in whom it was induced (Table VI). The mea 
VERP-450 was 236 + 18 ms with mexiletine ther 
apy, which did not differ significantly from contre 
(Fig. 3). 

Electrophysiologic studies with the type IA 
mexiletine combination: The results of electrophys 
iologic studies with the combination of mexiletine an: 
a type IA agent are shown in Tables III through V. Th 
mean mexiletine plasma level achieved at electrc 
physiologic drug testing during combination therap 
was 1.0 + 0.4 mg/liter, the mean quinidine plasma leve 
was 3.6 + 2.0 mg/liter and the mean procainamid 
plasma level was 9.2 + 4.2 mg/liter (Fig. 4). 

Fifteen of 23 patients had an inducible ventriculé 
tachyarrhythmia with combination therapy of mexile 
tine plus a type IA agent; 11 patients had sustained V' 
and 4 patients had nonsustained VT lasting from 8t 
20 complexes in duration. Eight patients had no ir 
ducible ventricular tachyarrhythmia during combine 
tion therapy; 4 of them had had inducible, unifor1 
morphology sustained V'T and 4 had inducible VF in th 
control state (Table IIT, Fig. 2). 

The termination modes for ventricular tachya) 
rhythmia induced during combination therapy ar 
shown in Table IV. Of the 11 patients with a sustaine 
ventricular tachyarrhythmia induced with the comb: 
nation therapy, the arrhythmia was terminated b 


| I 

| | TABLE Vi Group Comparisons: Responders Versus Nonresponders 

Responders Nonresponders p Value 
Control VERP-450 225 + 13 ms 239 + 15 ms NS 

| Control VT CL 192 + 50 ms 272 + 56 ms 0.01 

i Control Induction T-VES 88% 33 96 0.04 

| Control induced VTA = VF 5096 796 0.03 

Mc 1.0 + 0.2 mg/liter f 1.0 + 0.5 mg/iiter NS 

| Qo 3.8 + 3.0 mg/liter 3.4 + 2.0 mg/Ilter NS 
PA, 9.3 + 0.8 mg/Ilter 9.2 + 5.0 mg/liter NS 


M. = mexiletine plasma level given in combination; NS = not significant; PA, = procainamide plasma 
level given in combination; Q, = quinidine plasma level given in combination; T-VES = triple ventricular 
extrastimull; VERP-450 = ventricular effective refractory perlod at cycle length of 450 ms; VTA = ven- 
tricular tachyarrhythmia; VT CL= ventricular tachycardia cycle length. 
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FIGURE 3. Mean Induced ventricular tachycardla cycle length (VT-CL) 
In ‘milliseconds. Left, mean ventricular effective refractory period 
measured at a paced cycle length of 450 ms (VERP-450); right, under 
control conditions (C), and after administration of mexiletine (M), a type 
IA agent (IA) and combination of a type IA:agent and mexlietine (IA + 
M). Mexiletine, the type IA agents and the combination all prolonged 
the induced VT cycle length compared with control, but only the type 
IA agents and the combination prolonged the VERP-450 compared with 
control. The VT cycle length prolongation produced by the combination 
was significantly greater than that produced by either agent alone. 


overdrive pacing in 5 patients by extrastimulation in 5 


and spontaneously in 1 patient. No patient required 


cardioversion. 

The mean cycle length of the induced VT during 
combination therapy was of 386 + 79 ms (Fig. 3), which 
was significantly greater than the control value (p 
« 0.001). At these cycle lengths, few of the patients had 
any associated symptoms; 1 patient noted dizziness, 4 
noted only palpitations and 10 patients were asymp- 
tomatic (Table V). The mean VERP-450 was 269 + 23 
ms, which was significantly greater than the control 


. value, (p «0.001), but no different from that with the 
` type IA agent alone (Fig. 3). 


' Group comparisons for responders versus non- 


responders to combination therapy: The electro- 


physiologic characteristics of responders to the com- 


 .bination therapy are compared with those of 


nonresponders in Table VI. The mean VERP-450 for 


the responders, 225 + 13 ms, was not significantly dif- 


ferent from that of the nonresponders, 239 + 15 ms. The 
cycle length of the induced tachycardia in the control 


‘state was 192 + 50 ms for the group of responders, which 
. was significantly less than that for the nonresponders, 


272 + 56 ms (p <0.01) (Table VI). The percentage of 
responders requiring triple ventricular extrastimuli for 


. induction of ventricular tachyarrhythmia under base- 
. line conditions, 88%, was significantly greater than that 


of nonresponders, 33% (p <0.04) (Table VI). The per- 


centage of patients with VF induced under baseline 


d conditions was much larger in the responders, 50%, 


— compared with nonresponders, 7% (p «0.03) (Fig. 5). 


The mean plasma drug levels at the time of the 


- -demonstrated electrophysiologic effect for mexiletine, 


aucune and procainamide when given in combination 





FIGURE 4. Mean plasma drug levels for quinidine (Q), procainamide 
(PA) and mexiletene (M) when given alone and In combination. Standard 
deviations are denoted by linear extensions. The differences between 
mean plasma levels for a drug given alone versus given in combination 
were not significant (NS). 


were 1.0 + 0.2, 3.8 + 3.0 and 9.3 + 0.6 mg/liter, respec- 
tively, for the group of responders, and 1.0 + 0.5, 3.4 
+ 2.0 and 9.2 + 5.0 mg/liter for the nonresponders (Fig. 
6). These differences in drug plasma levels were not 


significant. : 
Discussion 


Previous reports indicate that the efficacy of standard 
antiarrhythmic agents in suppressing ventricular 
tachyarrhythmias induced by programmed stimulation | 
is low.9:* Type IA agents have shown the highest efficacy . 
rates for standard drugs, preventing induction of these 
arrhythmias in approximately 20% of subjects.97 The 
efficacy rate for mexiletine in this circumstance is 
similarly low (0 to 19%).8? Duff et al? found that the . 
combination of mexiletine and quinidine has a higher 
efficacy rate in suppressing spontaneous sustained and 
nonsustained VT and VF, detected by 24-hour ambu- 
latory monitoring, than single standard agents, although 
some patients in this mixed population were responsive 
to either agent alone. 

The major finding of the present study is the high 


efficacy rate, 35%, for the combination of mexiletine and 


a type IA agent in preventing induction of sustained VT 
and VF in patients with CAD. This high efficacy rate is 
impressive from 2 standpoints. First, in this study, ef- 
ficacy is judged by the more stringent model of elec- 
trophysiologic drug testing. Second, these patients may 
be relatively drug resistant, having failed trials with at 
least 2 and, in many instances, 3 antiarrhythmic agents 
before testing with the combination. 

The increased efficacy of the combination therapy 
compared with the individual agents given alone is not 
attributable to differences in plasma drug levels 
achieved under the 2 circumstances, because the levels ` 
for each agent were not significantly different (Fig. 4). 
Similarly, there was no difference in plasma drug levels 
for the agents when given alone and in combination, 
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FIGURE 5. A chi-square analysis of the ventricular tachyarrhythmia 
morphologic type, Induced under control conditlons, in patients who 
responded to combination drug therapy (responders) and in those who 
failed to respond (nonresponders). Uniform morphology ventricular 
tachycardia (VT) Is tabulated, (left), and polymorphic VT, tə., ventricular 
fibrillation (VF) Is tabulated (right). As indicated (p <0.03), the rows are 
dependent on the columns. 


when analyzed by subgroups of drug responders and 
nonresponders (Fig. 6). This indicates that the increased 
efficacy of the combination probably reflects an en- 
hanced electrophysiologic effect compared with the 
individual agents. Such an effect was suggested by the 
observation that a combination of lidocaine and quin- 
idine had synergistic effects in suppressing the 
conduction velocity of extrasystoles in an in vitro 
preparation.19 

Two electrophysiologic characteristics of the con- 
trol-induced arrhythmia correlated with a successful 
response to the combination therapy. A shorter VT 
cycle length (192 + 50 ms in responders vs 272 + 56 ms 
in nonresponders, p <0.01) and polymorphic configu- 
ration of the control-induced arrhythmia (50% in re- 
sponders vs 7% in nonresponders, p <0.08) were asso- 
ciated with a high response rate to the combination 
therapy. Once again, the difference in efficacy rate for 
the combination therapy in patients with polymorphic 
versus monomorphic ventricular tachyarrhythmias is 
unrelated to plasma drug levels in the 2 groups (Fig. 7). 
Rather, this difference in efficacy rates may reflect an 
intrinsically greater susceptibility of polymorphic 
ventricular tachyarrhythmias to antiarrhythmic ther- 
apy, which has been suggested previously,!! although 
has not been established unequivocally. !2 

| The other major finding of the study relates to the 
effects of the combination on the electrophysiologic and 
clinical properties of the induced arrhythmias in pa- 
tients who do not respond to the combination. 

The combination facilitated the termination of in- 
duced VT, compared with the control state, reducing 
the percentage of patients requiring cardioversion from 
61 to 0%, and increasing the percentage that terminated 
spontaneously or with single extrastimuli from 4 to 47% 
(Table IV). 
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FIGURE 8. Mean plasma drug levels and their standard deviations whei 
given alone (left) and in combination (right) for quinidine (Q), procain 
amide (PA) and mexlletine (M). There was no significant difference (NS 
In mean plasma levels for each drug when given alone or In combinatio 
between responders and nonresponders. 


Perhaps the most striking electropharmacologic ef 
fect of the combination therapy was its prolongation o 
the induced-VT cycle length (Fig. 3). Although bot! 
mexiletine and the type IA agents alone significanth 
prolonged induced-VT cycle length compared wit 
control (control 250 + 64 ms, mexiletine 296 + 69 ms 
p «0.04; type IA agents 324 + 66 ms, p <0.01) thi 
combination produced the greatest prolongation of in 
duced-VT cycle length (386 + 78 ms, p <0.001), and thi 
effect was significantly greater when compared witl 
that of the 2 agents alone (p «0.001 compared wit] 
mexiletine, p «0.02 compared with type IA). 

The slowing of the induced VT rate probably explain 
the effect of the combination therapy in reducing th 
severity of VT-related symptoms (Table VI). In patient 
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FIGURE 7. Mean plasma drug levels and thelr standard deviations whe 
drugs were given In combination for quinidine (Q), procainamide (PA 
and mexiletine (M), in patients whose control-induced arrhythmia wa 
uniform morphology (VT UM) or polymorphic (VT PM/VF). For each dnx 
there was no significant difference in plasma levels between patient 
with uniform morphology ventricular tachyarrhythmias and polymorphi 
ventricular tachyarrhythmlas. 


. receiving the combination therapy, no episodes of syn- 


cope occurred and almost all patients noted only pal- 
pitations or were asymptomatic. 

Finally, the role of the method of administration in 
altering drug efficacy in connection with this study 
should be addressed. Differences in the route of a drug's 


administration may yield apparent differences in effi- 


cacy because of variable tissue distribution in the ab- 
sence of steady-state conditions, or because of higher 
levels of active metabolites achieved with the oral route 
compared with the intravenous route. Although such 


. pharmacokinetic questions could be raised in relation 
-to this study, because some patients received procain- 
amide and mexiletine by different routes, they actually 


are not germane. 
First, procainamide and mexiletine were adminis- 


: . tered by either route so that achievement of steady-state 


levels was ensured before drug testing. Thus there could 
be no variability in drug level in the active tissue com- 


‘ partment owing to redistribution for 1 route compared 
. with the others. | 
^. Second, mexiletine metabolites have not been shown 


to have appreciable antiarrhythmic activity,!? and N- 
acetyl procainamide, variously reported to suppress 
ventricular ectopy with half the potency of pro- 


'cainamide,!^ has had questionable efficacy in sup- 


pressing induction of VT and VF by programmed 


‘stimulation.1516 _ 


Thus, in this study, differing routes of administration 


, could not be expected to materially alter the efficacy 

_ rate of procainamide or mexiletine, as long as equivalent 

. plasma drug levels were achieved with both routes. 
Furthermore, this has been confirmed for procainamide 


in a recent study, 16 which demonstrated that the drug’s 
efficacy varies only with steady-state plasma level and 
is independent of the route of administration. 
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Autonomic Dependence of Ventriculoatrial Conduction 


ROBERT J. HARIMAN, MD, JAMES L. PASQUARIELLO, MD, JOSEPH A.C. GOMES, MD, 
RONALD HOLTZMAN, MS, and NABIL EL-SHERIF, MD 


To evaluate the effects of isoproterenol and atropine 
on patients with poor ventriculoatrial (VA) con- 
duction, 17 patients were studied who did not have 
1-to-1 VA conduction during ventricular pacing at 
a rate slightly faster than sinus rate (group I) and 11 
patients were studied who had 1-to-1 VA conduc- 
tlon, but only at constant ventricular pacing cycle 
lengths longer than 600 ms (group Il). lsoproterenol 
Infuslon at a rate causing a 20 to 3096 Increase in 
sinus rate or up to 4 ug/min shortened the ventric- 
ular pacing cycle lengths that induced VA block In 
all group Il patients. Atropine administration at a 

ose causing a 20 to 30 % increase in sinus rate or 
up to a total dose of 2 mg also shortened the ven- 
tricular pacing cycle lengths that Induced VA block 
in all group Il patients. At similar pacing cycle 
lengths, isoproterenol and atropine Induced shorter 
VA intervals than control. Nine of 17 group I patients 


Mines postulated in 1913! that ventriculoatrial (VA) 
conduction is a potential substrate for certain reentrant 
arrhythmias. Many subsequent investigators have re- 
ported that the ability of the conducting system to 
conduct retrogradely determines the occurrence of these 
arrhythmias.^7 Two types of arrhythmias emerge 
prominently: “endless-loop” tachycardia related to 
pacemakers with atrial tracking abilities,9:9? and par- 
oxysmal supraventricular tachycardia using the VÀ 
conducting system as the retrograde limb.9" Further- 
more, 1-to-1 VÀ conduction has been implicated as a 
possible cause of “pacemaker syndrome," manifested 
as dizziness, fatigue, syncope and hypotension provoked 
by cardiac pacing.19 Atrial contraction, which occurs 
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had demonstrable 1-to-1 VA conduction either 
during isoproterenol infusion or after atropine ad- 
ministration. Of these 9 patients, 1-to-1 VA con- 
duction could be found only during Isoproterenol 
infusion in 3 patients and only after atropine ad- 
ministration In 4 patients. The improvement of VA 
conduction by these drugs was related to their ef- 
fects on the atrioventricular node. The change In VA 
conduction mediated by autonomic changes Induced 
by these drugs may explain why some patlents 
without demonstrable VA conduction during rest 
may have, under certaln circumstances, “end- 
less-loop" tachycardia or paroxysmal supraven- 
tricular tachycardia using atrioventricular nodal 
conduction as the retrograde limb. Therefore, these 
drugs should be tested to completely rule out po- 
tential 1-to- 1 VA conduction. 

E J Cardiol 1985;56:285-29 1) 


when the atrioventricular (AV) valve is closed, has been 
shown to produce systemic and pulmonary venous 
regurgitation and cause hemodynamic impairment of 
filling. Atrial engorgement may also cause reflexes that 
manifest as hypotension and syncope.!9 

VA conduction characteristics have been determined 
in the electrophysiology laboratory.®:®:712-16 Jn fact, such 
study was recommended before implantation of pace- 
makers with atrial tracking ability in order to avoid 
endless-loop tachycardia in the future.9 Our study was 
prompted by an observation in a patient who did not 
have 1-to-1 VA conduction before implantation of a 
DDD pacemaker (Medtronic Versatrax 7000) but had 
recurrent endless-loop tachycardia after the pacemaker 
implantation (Fig. 1). The question we posed was 
whether VA conduction characteristics determined in 
the laboratory during resting conditions can be in- 
fluenced by manipulations of the autonomic tone. 
Specifically, do patients with poor VA conduction 
during resting conditions have the tendency to improve 
their VA conduction, and possibly to develop arrhyth- 
mias related to it, when appropriate changes in auto- 
nomic tone are induced? 





p et ^  ' Methods 


Patients: Tw enty- -eight mer, aged 60 + 11 years (range 38 
to 78), were studied. These patients underwent électrophys- 
iologic evaluation for various reasons, including premature 
ventricular complexes in 17 patients, symptomatic sinus node 

_ dysfunction in 6 and syncope in 5. All fulfilled the following 

^ :eriteria of inclusion: no 1-to-1. VA conduction during ven- 
'.- . tricular pacing at a rate of 600 ms or less; no evidence of dual 
. AV nodal pathways of AV bypass tracts; no contraindications 

"^. to the use of atropine or isoproterenol; and the patient agreed 


. to participate in the study by signing informed consent. 


. No patients studied had HV intervals longer than 60 ms or 
spontaneous AV block. These patients were separated arbi- 
trarily into 2 groups: Group I included patients who did not 
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. FIGURE 1. ""Endless-loop" tachycardla In a patient who did not dem- 
. onstrate ventriculoatrial (VÀ) conduction during resting conditions. A 
. model 7000 Universal atrioventricular (AV) pacemaker (Medtronic) was 
implanted in this patient after electrophysiologic testing failed to show 
VA conduction. Since the time of implantation he had frequent episodes 
of endless-loop tachycardia. A, repeat e[ectrophyslologic study after 
the pacemaker Implantation during resting conditons falled to show 
. 1-to-1 VA conduction. Three electrocardiographic leads (L1, L2 and - 
V) were recorded simultaneously with high right atrial (HRA), His bundle 
(HBE) and right ventricular (RV) electrograms. The first AV beat rep- 
reserits the DDD pacemaker beat (DDD AV delay set at 150 ms, max- 
Imal tracking rate 100 beats/min, minimal rate 60 beats/min). Ap in- 
_ - dicates the atrial beat resulting from the pacemaker. The QRS after the 
k es pacemaker beat (dot) is a premature ventricular beat. This premature 
^ veritricular beat was followed by 3 stimulated ventricular beats (V STIM) 
: and DDD pacemaker rhythm. No retrograde atria! activity was seen after 
.' the premature Ventricular beat or the 3 stimulated ventricular beats. 
` Atrial activity arising from the sinus node (Ag) is dissociated from these 
"ventricular beats. B, during [ntusion of 1 g/min of isoproterenol, VA 
_ conduction is markedly improved. V STIM at 330 ms cycle length re- 
_, Sulted In 1-to-1 VA conduction. After V STIM, endless-Joop tachycardia 
D. (DDD TACH) occurred as a result of the Improved VA conduction. The 
QRS Indicated by the dot represents a premature ventricular beat. The 
numbers Indicate intervals In ms. An = retrograde atrial "d y= 


. ventricular aecmogram:: 


| rei | 
SHEHE 


ope 





ne was poor (r= : 16. 


have demonstrable 1-to-1 VA conduction at any-constant . 
ventricular pacing cycle lengths and group II included patients 
who had demonstrable 1-to-1 VA conduction but only 
at constant ventricular pacing cycle lengths longer than 
600 ms. 

Study protocol: The patients were studied in a nonsedated, 
postabsorptive state. All cardioactive medications were dis- 
continued for at least 4 times their half-lives. After local an- 
esthesia using 1% xylocaine, 3 quadripolar electrode catheters 
were introduced percutaneously through the antecubital and 


: femoral veins. Under fluoroscopy the tips of these catheters 


were placed in the regions of thé high right atrium, tricuspid 
valve and right ventricular apex or outflow tract. 

The intracardiac electrograms, surface electrocardiographic 
leads I, II and V4 and time lines were simultaneously displayed 
and recorded using an Electronics for Medicine VR-16 oscil- 
loscope and a Hewlett Packard 3968A tape recorder. All 
measurements were done on a recording made at a paper 
speed of 100 mm/s. 

Intracardiac electrical stimulation was performed using a 
programmable stimulator (Bloom Associates, Ltd.) delivering, 
through the distal poles of the right ventricular catheter, 
rectangular pulses 2 ms in duration and 2 times diastolic 
threshold. T'he right ventricle was paced at progressively 
shorter cycle lengths by 10 to 20 ms until ventricular pacing 
failed to produce 1-to-1 VÀ conduction. In.all cases, pacing 
was performed starting at a cycle length 50 to 100 ms shorter 
than the spontaneous sinus cycle length, Pacing was per- 
formed for at least 15 seconds for each rate to determine the 
presence and absence of 1-to-1 VA conduction. When 1-to-1 
VA conduction was determined to be present, the VA interval 
was measured at the time when VÀ intervals were constant 
for at least 5 beats. 

In 7 patients, the site of retrograde VA biodk was deter- 
mined using premature stimuli ($185) method at 818, inter- 


— vals of 700, 600 and 500 ms. 


Isoproterenol was administered at rates of 1 2,3and4 
ug/min until a 20 to 30% increase in heart rate was observed 
or until a maximal infusion rate of 4 ug/min was given. Atro- 
pine was administered 0.5 mg every 10 minutes until a maxi- 
rium of 2 mg was given or until a 20 to 3096 increase in heart - 
rate was observed. In all cases atropine administration was 
started when heart rate after termination of isoproterenol 
infusion had returned to control values. This usually occurred 


. after about 30 minutes after termination of the isoproterenol 


infusion. 
Statistical analysis: Data are presented as mean + stan- 

dard deviation. Analysis of variance was used to analyze the 
data during control, during infusion of isoproterenol and after 
atropine administration. When significant differences were 
detected among the groups, Scheffe’s multiple comparison test 
was applied to compare individual means,’’ All differences 
were considered significant at p «0.05. 


Results 


Doses of isoproterenol and atropine: The average 
infusion rate for isoproterenol used in this study was 3.0 
+ 1.1 ug/min and the average total dose of atropine was 
1.6 + 0.5 mg. At these doses, the drugs did not cause 
significant side effects. Sinus cycle lengths decreased 
significantly during isoproterenol infusion (799 + 122 
ms, p <0.05) and after atropine administration (790 + 
122 ms, p <0.05) compared with control (974 + 118 ms). 
However, the correlation between the infusion rate of 
isoproterenol and the decrease in sinus cycle length was 
poor (r = 0.13). Similarly, the correlation between the 
total dose of atropine and the decrease i in sinus cycle 
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TABLE! Electrophysiologic Data of Patients In Group | 
isoproterenol Atròplne 
| 
Longest Longest 
| VCL That VCL That 
| Control Falled to Falled to 
| Produce l , Produce ; 
| SCL SCL 1:1 VA 11 VA Cond. VA. Interval SCL 1:1 VA 1:1 VA Cond. — VS Interval 
; Pt (ms) (ms) Cond (ms) (ms) (ms) Cond (ms) (ms) 
4 1,120 890 -— iis dais 860 + 620 220-260 
i 2 970 780 — — — 810 m — — 
, *3 870 710 T 370 210-250 750 + 580 210-270: 
(004 1,030 910 -— — — 960 B — — 
| 5 880 700 -— — — 680 + 500 240-280 
| 6 1,000 820 + 520 230—300 790 — — = 
| 7 920 710 + 560 210-280 700 — — — 
' 8 940 750 -— — — 730 = — — 
9 980 770 —— — — 750 + 430 290-330 
10 1,050 910 — s _ 870 — — — 
11 830 620 ~ — — 610 -— — 
12 900 760 + 420 210-310 720 + 410 200—290 
| 43 880 700 -— — — 680 = — — 
| 910 750 -— — — 700 m — — 
| 15 880 690 -— wi — 710 -— — 
, 18 890 710 ~ — — 680 + 580 250-310 
| 17 1,050 910 + 650 200-260 980 -— — — 
Mean 946 770 504 764 520 
| SD +82 +89 +112 +102 +87 
p <0. 05* | p aoe NST 
N 





: Compared with control; * compared with value during isoproterenol Infusion. 
| Cond. = conduction; NS = not significant; SCL = sinus cycle length; SD = standard deviation; VA = ventriculoatrial; VCL = ventricular cycle 


length. 


Improvement of ventriculoatrial conduction by 
DAMM and atropine: Seventeen patients did 
ot have demonstrable 1-to-1 VA conduction during 
control (group I) and 11 patients had demonstrable 
1-to-1 VA conduction during control but at ventricular 
pacing cycle lengths longer than 600 ms (group D. 
Table I is a list of the electrophysiologic data for group 
] patients and Table II for group II patients. Five of the 
17 group I patients (29.4%) had demonstrable 1-to-1 VA 


TABLE li Electrophysiologic Data of Patients In Group Il 
| Control 
| 
| Longest 
i VCL That 
Falled to 
| Produce 1:1 VA 
| SCL VA Cond Interval SCL 
| Pt (ms) (ms) (ms) (ms) 
1 830 650 210-280 640 
2 1,080 630 180-220 920 
3 990 600 140-200 . 770 
4 820 680 180-230 140 
5 940 710 200—240 790 
| 6 1,230 780 160--280 1,000 
| 7 1,180 630 190-270 1,010 
! 8 '920 820 210-220 800 
9 780 660 260-290 600 
. 10 1,180 890 280—360 980 
| 11 1,150 720 230-310 1,040 
Mean 1,018 706 845 
| ¿5D +154 +90 +154 


* Compared with control; t aa with value during isoproterenol Infusion. 


Abbreviations as inTablel. . - 


conduction during isoproterenol infusion and 6 (35.3%) 
had 1-to-1 VA conduction after atropine administration. 
Of the 5 patients who showed improved VA conduction 
during isoproterenol infusion, 2 also had demonstrable 
1-to-1 VA conduction after atropine administration, but. 
3 did not. Of the 6 patients who showéd improvement . 
of VA conduction after atropine administration, 4 did 
not show 1-to-1 VA conduction during isopróterenol 
infusion. Thus, 9 of the 17 group I patients (52. 9%) 


Isoproterenol Atropine 
Longest Longest 
VEL That VCL That 
Falled to Falled to 
Produce 1:1 VA Produce 1:1 l 
VA Cond. Interval SCL VA Cond. VA Interval 
(ms) (ms) (ms) (ms) (ms) 
510 200-280 660 460 190-280 
390 160—220 890 440 160-220 
410 140—180 730 390 140—190 
480 170-230 720 520 170-210 
500 190-240 760 530 190-240 
410 150-280 1,080 490 160—280 
510 160-260 990 490 180-260 
500 180-210 B20 610 190-210 
480 250—290 620 560 240—280 
600 260—350 910 580 260—360 
620 220—310 960 600 220-310 
492 829 516 i 
+73 +143 +70 
p <0.05* p «0.05* 


demonstrated 1-to-1 VA conduction either during iso- 


proterenol infusion or after atropine administration. 


Isoproterenol infusion rates given to these patients that 


resulted in the appearance of 1-to-1 VA conduction were 


. 4 ug/min in 1 patient, 3 ug/min in 2 patients and 2 


ug/min in 2. The total doses of atropine given to these 


. patients that resulted in the appearance of 1-to-1 VA 


conduction were 2 mg in 3 patients, 1 mg in 1 patient 


and 0.5 mg in 2 patients. Figure 2 shows improved VÀ 


conduction after atropine administration in patient 3 
(Table I). The patient did not have demonstrable 1-to-1 
VA conduction during control, but had demonstrable 
1-to-1 VÀ conduction during isoproterenol infusion and 


| after atropine administration (Fig. 2B). 
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FIGURE 2. Improvement of ventriculoatrial (VA) conduction after ad- 
ministration of atropine (total dose 2 mg) In patient 3 (Table |). Three 
electrocardiographic leads (L1, L2 and V4) were recorded simulta- 
neously with high right atrial electrogram (HRA), His bundie electrogram 


- (HBE) and time lines (T). A, during constant ventricular pacing with 


stimul! (S4) delivered to the right ventricular outflow at a cycle length 
(CL) of 790 ms, only occasional retrograde atrial depolarizations (Ag) 
with iow to high activations were observed. Atrial depolarizations due 
to sinus escapes (As) were also observed. B, after atropine adminis- 
tration, constant ventricular pacing at a cycle length of 600 ms resulted 
in 1-to-1 VA conduction with a VA Interval of 270 ms. C, ventricular 


` "pacing at a shorter cycle length of 580 ms resulted In VA Wenckebach 


. The last atrial beat was a result of sinus escape. Arrowhead 
indicates stimulus artifact. 


For group II patients (Table IT) the longest ventric- 
ular cycle length that failed to produce 1-to-1 VA con- 
duction during control was 706 + 90 ms (range 600 to 
890). Isoproterenol infusion shortened these ‘cycle 
lengths to 492 + 73 ms (range 390 to 620, p <0.05 vs 
control). Atropine administration decreased these cycle 
lengths to-516 + 70 ms (range 390 to 610, p «0.05 vs 
control). 

Ventriculoatrial interval: In group II patients 
(Table II), isoproterenol shortened the lower range of 
the VA intervals in 10 of the 11 patients. Similarly, At- 
ropine shortened the lower range of the VA intervals in 
9 patients. However, a decrease of the upper range of the 
VA intervals was seen in only 4 patients during isopro- 
terenol infusion and in only 5 patients after atropine 
administration. In cases with similar maximum VA 
intervals, however, the VA interval during isoproterenol 
infusion and after atropine administration shortened 
for each particular ventricular pacing cycle length. This 
is illustrated in Figure 3, in which values for ventricular 


' pacing cycle length and VA interval of patient 11 of 


group II were plotted. During control the VA interval 
at ventricular pacing cycle length of 900 ms was 230 ms, 
whereas during isoproterenol infusion or after atropine 
administration at the same pacing cycle length the VA: 
interval was 220 ms. The longest VÀ intervals during 
control, during isoproterenol infusion and after atropine 
administration were similar—310 ms. However, during 
control this VA interval was observed at a pacing cycle 
length of 720 ms, whereas during isoproterenol infusion 
and after atropine administration this interval was 
observed at shorter pacing cycle lengths of 630 and 610 
ms, respectively. 

Site of ventriculoatrial block and improvement 
of block: In 4 patients in group I (patients 3, 6, 7 and 16) 
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FIGURE 3. Ventricular pacing cycle length and ventriculoatrial (VA) 
intervals during 1-to-1 VA conduction in patient 11 (Table Il) during 
control conditions, during Isoproterenol Infusion and after atropine 
administration. 
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and 3 in group II (patients 6, 9 and 11) in whom retro- 
grade His bundle depolarization could be recorded 
during $4185» stimulation, the site of the VÀ block could 
be determined. In all these patients, during control, a 
premature ventricular complex that was sufficiently 
early was followed by a premature His bundle depo- 
larization (Hg), but not by a premature atrial depolar- 
ization (A). In these patients in whom isoproterenol or 
atropine improved VÀ conduction during constant 
ventricular pacing, administration of these drugs also 
improved VÀ conduction during 8,85 stimulation. An 
example of this phenomenon is the tracing in Figure 4, 
recorded in patient 3 (Table I). During control condi- 
tions (Fig. 4A), ventricular pacing at 848, of 700 ms for 
8 stimuli followed by a premature stimulus (S5) with 
$159 interval of 400 ms resulted in a premature ven- 
tricular complex (V5) and appearance of Hə. No atrial 
deflection, however, could be seen after each ventricular 
complex during constant pacing (V1) or following Vo. 
During isoproterenol infusion (Fig. 4B), atrial deflec- 
tions could be seen after each Vi. A premature ven- 
tricular depolarization, Vo, was followed by Hy». Despite 
the shorter V1 H2 interval of 510 ms compared with the 
control value of 530 ms, the premature His bundle de- 
polarization was followed by a premature atrial depo- 
larization (Ay). The appearance of Ho after V9 during 
control in these patients suggests that the site of block 
in these patients was in the AV node. The appearance 
of Ag after Hg as a result of administration of isoprote- 
renol or atropine suggests that these drugs improved AV 
nodal conduction. The ventricular effective refractory 
period during SS; interval of 600 ms in these 7 patients 
did not change significantly as a result of the drug ad- 
ministration (263 + 26 ms during control conditions, 259 
+ 18 ms during isoproterenol infusion and 261 + 22 ms 
after atropine administration). The functional refrac- 
tory period of the His-Purkinje system also did not 
change significantly as a result of drug administration 
(483 + 38 ms during control conditions, 471 + 32 ms 
during isoproterenol infusion and 474 + 42 ms after 
atropine administration). The longest SeHe interval 
during control conditions was 221 + 24 ms and during 
isoproterenol infusion 219 + 22 ms (difference not sig- 
nificant [NS]) and after atropine administration, 226 
+ 22 ms (NS). 


Discussion 


Improvement of ventriculoatrial conduction: In 
this study, it is clear that poor VA conduction can be 
improved by sympathomimetic and parasympatholytic 
agents. We have arbitrarily chosen doses for isoprote- 
renol up to 4 ug/min and for atropine up to 2 mg. Larger 
doses of these drugs alone or in combination may in- 
crease the incidence of improved VA conduction. 
However, because improvement of VÀ conduction in 
different patients is only poorly correlated with the 
amount of drug given, it is difficult to determine the 
optimal drug doses that have to be tested to completely 
rule out a potential 1-to-1 VÀ conduction that may 
appear under appropriate autonomic tone occurring in 
life. 
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FIGURE 4. The site of ventriculoatrlal (VA) conductlon block determined 
In patient 3 (Table |). Tracings are arranged as in Figure 2. A, control. 
A premature stimulus (S2) delivered to the right ventricular outflow tract 
400 ms after 8 stimull (S4) at 700-ms Intervals resulted In retrograde 
His depolarization (H2) but no atrlal depolarization because of atrio- 
ventricular nodal block. The interval between the last ventricular de- 
polarization (V4) due to S4 and Hz is 530 ms. During control, V, is not 
followed by atrial depolarization (A) on 1-to- 1 basis. B, during isopro- 
terenol Infusion at 4 ug/min, 8 stimuli at a 700-ms cycle length resulted 
in ventricular depolarizations that are conducted 1-to-1 to the atria. S; 
delivered 270 ms after the last S, resuited in Ha, with a V4H» interval 
of 510 ms, shorter than the control V 4H». Despite the shorter V4H», He 
was followed by a premature retrograde atrial depolarization (A2). Other 
abbreviations and symbols are as in previous figures. 


The method we used to evaluate VÀ conduction is a 
standard method practiced in many electrophysiology 
laboratories.9.6:12-14 Recently, a method of evaluating 
VA conduction after AV sequential pacing was de- 
scribed.|^1$ Whereas this method is important in 
evaluating the initiation of endless-loop tachycardia, 
the method we used may be important in evaluating the 
sustenance of endless-loop tachycardia, during which 
a steady-state VÀ conduction regularly occurs. To 
achieve a steady-state condition for VÀ conduction, we 
have determined the presence or absence of 1-to-1 VÀ 
conduction and measured the VÀ conduction time after 
at least 15 seconds of constant ventricular pacing. Using 
a ventricular premature complex after AV sequential 
pacing! in patients with intact VÀ conduction, 33% of 
the patients were reported to have conduction block in 
the His-Purkinje system. In our study VA block was 
located in the AV node. The difference in these findings 
may be related to the patients used for the study. We 
selected patients with poor or no demonstrable 1-to-1 
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-" FIGURE 5. Appearance of 1-to- 1 ventriculoatrial (VA) conduction during 


chest paln In a patient with coronary artery disease. Tracings are ar- 
ranged as In previous figures. A, during the first minute of ventricular 


` pacing with stimuli delivered at the right ventricular apex at a cycle . 


| `. length of 450 ms, VA dissociation was observed. B, a continuation of 

| tracings in panel A when the patient developed chest pain (black bar), 

` 4-to-1 VA conduction was observed. RA = high right atrial electrogram; 

'" HB = His bundle electrograms. Other abbreviations and symbols are 
as in previous figures. 


- VA conduction, whereas the above report selected pa- 
- tients with better VA conduction. These patients with 
. poor VÀ conduction frequently have retrograde AV 
nodal block.1914 l 
— 'fFhe effect of autonomic changes on VA conduction 
. of patients with anterograde AV block is not known. 
: Some of these patients have intact retrograde conduc- 
. üon.!^ Autonomic changes may also improve VÀ con- 
duction in some of these patients with poor VÀ 
conduction. 
The increase in sinus rates resulting from isoprote- 
_renol and atropine administration deserves comment. 
First, because ventricular pacing was always performed 
starting at a cycle length slightly shorter than sinus cycle 
length, the decrease in sinus cycle lengths after the drug 
was administered excluded longer ventricular cycle 
lengths that could be tested. Nevertheless, all patients 
who had demonstrable 1-to-1 VÀ conduction during 
‘control conditions (group II) still had demonstrable 
1-to-1 VÀ conduction during isoproterenol infusion or 
after atropine administration. Second, the increase in 
"Sinus rate may increase the anterograde penetrations 
| of atrial impulses into the AV junction (concealed 
|. conduction). Such increase in anterograde penetration 
.of the AV junction may impair VÀ conduction. Thus, 
the interplay between the improvement of VÀ con- 
duction as a result of drug administration and impair- 
;. ment of VA conduction due to the anterograde pene- 
.- tration of the AV junction and the shorter ventricular 


pacing cycle Tr that could be tested, ree 
whether 1-to-1 VÀ conduction could be demonstrated. 
However, we observed no change or improvement of VA 
conduction; therefore, we believe that the improvement 
in VA conduction resulting from the drug administra- 
tion was more powerful in most patients. In this study — 
these effects were found to be related to the improve- 
ment of AV nodal conduction by isoproterenol and at- 
ropine administration. Microelectrode studies have 
shown that catecholamines improve the dV/dt of nodal 
cells.18 The effect of atropine on the nodal cells may*be 
related to withdrawal of acétylcholine effects on these 
cells. Acetylcholine is known to decrease space constant 
and rate of rise of nodal cells and, by doing so, slows the 
conduction through three cells.!9 

In some patients VA conduction improved only in 
response to either isoproterenol or atropine. The dif- 
ference in the density of the vagal and sympathetic in- 
nervation in the AV node may determine the response : 
to isoproterenol or atropine. Our study clearly shows 
that patients with poor VA conduction during control 
conditions may show improvement of VA conduction 
under appropriate autonomic tone. A dramatic example 
of spontaneous appearance of VA conduction that may 
be related to a small change in autonomic tone is shown 
in Figure 5, recorded.in a 62-year-old patient with 
moderately severe coronary artery disease studied for 
ventricular ectopic beats occurring in pairs. This patient 
was not included in the groups reported, because we 
believed that his coronary artery disease posed as con- 
traindication to the use of isoproterenol and atropine. 
In the absence of chest pain, 1-to-1 VA conduction could 


` not be demonstrated in this patient. However, when 


chest pain (dark bar in Fig. 5) was induced by ventric- 
ular pacing at a cycle length of 450 ms for 1 minute, 1- 
to-1 VA conduction was observed. — 

Clinical implications: Our study shows that VA 
conduction can be improved when appropriate changes 
in autonomic tone are induced. The appearance of 1- 


` to-1 VA conduction under different autonomic condi- 


tions suggests that the absence of 1-to-1 VA conduction 
observed during an electrophysiologic study does not 
guarantee that VA conduction will not occur under 
certain circumstances. Isoproterenol and atropine may 
be tested in patients suspected of having the potential 
to develop endless-loop tachycardia® or reentrant su- 
praventricular tachycardia with AV nodal conduction 
as the retrograde limb that cannot be induced under 
control conditions.” Furthermore, these drugs may 
be tested in certain patients with “pacemaker syn- 
drome” who do not have 1-to-1 VA conduction during 
control conditions. This study may also suggest the 
possible problem related to the diagnosis and detection 
of ventricular tachycardia by observing the absence of 
1-to-1 AV relation. Such knowledge may become ap- 
plicable to the arrhythmia detection of implantable 
cardioverters.?! We believe that the doses of these drugs 
to be tested to rule out potential 1-to-1 VÀ conduction 
need further study. In particular, a study of the drug 
dose-response curve for VA conduction is needed. Until 
such a study is conducted, in the elderly population with 
latent and overt coronary artery disease or ventricular 
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The antiarrhythmic efficacy of verapamil was de- 


termined by serial treadmill testing In 16 patients 
. with reproducible exercise-induced ventricular 
tachycardia (VT). Twelve of the 16 patients re- 


sponded to verapamil, 0.2 mg/kg intravenously; In 


8: ‘of these 12 responders, an oral verapamil regimen 


. Of 160 to 320 mg given every 8 hours also prevented 


exercise-induced VT. Plasma verapamil concen- 
tration was significantly higher in the responders 


"than In the nonresponders to intravenous verapamil, 


= 
> 


", considered a rare entity,! has been identified recently : 


but levels were similar in responders and nonre- 


"eponders to oral therapy. The 8 responders to the 


oral drug were followed up while receiving verap- 
Exercise-induced ventricular dBchcasdia (VT), once 


with increasing frequency.?-9 This arrhythmia is most 


7 » responsive to therapy with f-adrenergic blocking 


stood, but available evidence^-? strongly suggests that 


. catecholamines contribute to its pathogenesis, perhaps 


through their effect on the calcium-dependent slow 
inward current? To further explore the role of the slow 


. inward current and to try to identify an alternative 


| -. therapy to -blocking agents, we examined the efficacy 


"of the slow channel-blocking agent verapamil in patients 


"with exercise-induced VT. 
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Efficacy of Verapamil in Exercise-Induced - | 
Ventricular Tachycardia - 2 RI "e 
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ROSS J.. SIMPSON, Jr., MD, and LEONARD S. GETTES, MD ` 


amii therapy for 6 to 22 months (mean 15), and. 


exercise-induced VT did not recur in any patient. 


Five of the 8 responders also had concomitant 
spontaneous VT unrelated to exercise which vera- 


 pamil suppressed Initially as well: 4 remalned free 


of spontaneous VT, while 1 patlent had recurrence 
of spontaneous VT. Thus, in patients with exer- 
cise-Induced VT, verapamil is a promising atterna- 
B-adrenergic blocking agents. The © 
effectiveness of verapamil is consistent with a 
mechanism of arrhythmogenesis Involving calcium - 
channels. | "EN 
(Am J Cardiol 1985;56:292-297) '- 


Methods 


The study group consisted of 16 patients with exercise- 
induced VT, defined as 5 or more sequential premature ven- 


> tricular complexes during or within 5 minutes after the com- 
agents,*-9 in contrast to VT unrelated to exercise. The : - 
' mechanism of exercise-induced VT is not fully under- . 


pletion of exercise. Arrhythmia reproducibility was confirmed. 
in each patient by the presence of VT on 2 consecutive 
treadmill tests performed within 1 week.‘ In 13 patients VT . 
was newly diagnosed; the 3 other patients were having adverse 
effects from effective -adrenergic blockade therapy. Each 
patient received a complete history and physical examination 
and underwent electrocardiography and chest radiography, 


. as well as echocardiography or.equilibrium radionuclide an-* 
giography or both. Cardiac catheterization with coronary . ` 


angiography was not part of the study protocol, although 8 ` 
patients had previously undergone this procedure for indi- 
ythmia. 


„cations unrelated to arrh 


The presence of spontaneous VT was determined by pro- 
longed (4 or more days) telemetric monitoring i in all patients, 


and also by 24 hours of-Holter monitoring in 14. Electro-: -— 


physiologic study with attempted induction of VT by pro-. 
grammed stimulation.was not part of the study protocol, and 
was performed incidentally in 3 patients. Í 

In 15 patients, no other antiarrhythmic drugs were ad- 
ministered during the verapamil evaluation. The remaining 


patient (no. 5), in whom VT had never been induced on mul- : - 
tiple previous exercise tests, had reproducible exercise-in- -` 


duced VT 3 months after amiodarone was added to mexiletine ar 


` 
m 


A4 


therapy for recurrent V'T unrelated to exercise. In this patient, 
amiodarone and mexiletine were continued during the study 
period. 

The effect of intravenous (i.v.) administration of verapamil 
on the exercise-induced V'T was assessed 5 minutes after ad- 
ministration of 0.2 mg/kg over a 5-minute period. The exercise 
protocol was identical to that previously described.* A com- 
plete response was defined as the absence of repetitive ven- 
tricular ectopy in excess of couplets during and 5 minutes after 
the exercise test, while a partial response was defined as 3 or 
fewer episodes of fewer than 4 beats of nonsustained VT in a 
patfent with previously sustained VT. 

Patients who responded to i.v. verapamil were then given 
oral' verapamil for at least 48 hours and underwent repeat 
exercise tests 1 hour before a scheduled dose. The first 4 study 
patients were tested intially on a regimen of 80 mg every 8 
hours. In all 4, this dose was ineffective and the dose was in- 
creased to 160 mg every 8 hours. If V'T persisted with the latter 
dosage, the study was terminated and -blockade therapy 
instituted. After the inefficacy of the 80-mg regimen became 
apparent, the initial dose was raised to 160 mg every 8 hours 
in the 12 subsequent patients. If VT persisted with this regi- 
men, the dose was increased until either therapy became ef- 
fective or adverse effects occurred. Oral therapy was deemed 
effective when a complete response was observed during 2 
consecutive exercise tests. Verapamil was not administered 
orally to those patients who did not respond to its i.v. ad- 
ministration; these patients were treated with a B-adrenergic 
blocking agent. 

In addition to the presence or absence of VT, each exercise 
test was analyzed for exercise duration, peak sinus rate, sinus 
rate at the onset of VT, and presence of ST-segment depres- 
sion! on the sinus-conducted beats. The PR interval was 
measured with the patient supine, before exercise in the 
control and oral verapamil tests, and before and 5 minutes 
after verapamil administration when the i.v. drug was tested. 
Plasma was obtained for determination of verapamil con- 
centration by high-performance liquid chromatography? at 
the conclusion of each exercise test. 

In patients in whom spontaneous VT unrelated to exercise 
was identified, telemetric monitoring was continued, but no 
therapy was instituted for the spontaneous arrhythmia until 
the evaluation of verapamil for the exercise-related VT was 
complete. Patients whose exercise-induced VT was controlled 
by a regimen of oral verapamil then underwent 24-hour Holter 
monitoring while receiving the same regimen to evaluate its 
effect on spontaneous VT. In each patient, the follow-up 
Holter was performed within 10 days of the control monitoring 
period. The effect of verapamil on spontaneous V'T was not 


evaluated in patients whose exercise-induced V'T failed to . 


respond to oral verapamil. 

All patients in whom oral verapamil prevented exercise- 
induced VT during the initial testing were continued chron- 
ically on the effective regimen. Long-term therapy was con- 
sidered efficacious if the patients were free of symptoms 
suggestive of arrhythmia and if an exercise test performed 
approximately 6 months after initiation of therapy failed to 
induce VT. In those patients whose concomitant non-exer- 
cise-related VT was also controlled by verapamil, 24-hour 
Holter monitoring was repeated after 3 months to determine 
if the drug remained effective. 


Results 


Clinical observations (Table I): Nine men and 7 
women, aged 25 to 74 years (mean 54), were studied. In 
5 patients, 2 of whom underwent cardiac catheteriza- 
tion, heart disease was not detected; right ventricular 


TABLE! Clinical Information 
Age (yr) Cardlac EF 
Pt & Sex Disease (%) Symptoms 
1 69M CAD 51 0 
2 59F CAD 52 Syncope 
3 27F 0 62 Cardiac arrest* 
4 25M Myocarditis 61 Syncope” 
5 52M CAD 40 Paipitations 
6 73F CAD 45 Syncope 
7 56M 0 51 Syncope * 
8 52F 0 69 Presyncope 
9 46F 0 59 Palpitations* 
10 62M SH 56 0 
11 63M DC 43 0 
12 66M CAD 48 Syncope 
13 29F 0 68 Syncope 
14 71F CAD 45 Presyncope 
16 74M CAD 45 Syncope 
16 65M MR 64 Presyncope 


* During exercise. 

CAD = coronary artery disease; DC = dilated cardiomyopathy; EF 
= ejection fraction; MR = mitral regurgitation; SH = systemic hyper- 
tension; 0 = none. 


dysplasia was not excluded by right ventricular angi- 
ography, but noninvasive findings suggestive of this 
disease!l? were not present in any patient. Coronary 
artery disease was present in 7 patients, 6 of whom had 
had a prior myocardial infarction. One patient had hy- 
pertensive heart disease, 1 mitral regurgitation of un- 
known cause, and 1 congestive cardiomyopathy. In the 
remaining patient, no heart disease was evident initially, 
but healed myocarditis was diagnosed at autopsy. Left 
ventricular function was either normal or only mildly 
depressed in all patients; the lowest ejection fraction in 
the study group was 4096. Only the patient who received 
amiodarone showed prolongation of the QT interval on 
the electrocardiogram. Symptoms included syncope in 
8 patients, near-syncope in 3, and palpitations in 2; in 
4 of the symptomatic patients, symptoms were clearly 
related to exercise. In 3 patients, symptoms of ar- 
rhythmia were absent and VT was discovered inciden- 
tally during cardiac evaluations for dyspnea or chest 
pain. 

Characteristics of exercise-induced ventricular 
tachycardia (Table II): In 6 patients, VT was sus- 
tained (lasting at least 30 seconds), whereas in 10 it 
consisted of multiple, often incessant runs of 6 to 45 
beats (Fig. 1). The rate of VT ranged from 130 to 220 
beats/min (mean 180). The QRS morphology was a left 
bundle branch block configuration in 7 patients and a 
right bundle branch block configuration in 5; it was 
pleomorphic in 4, but did not exhibit a typical *torsade 
de pointes" morphologic pattern in any patient. In 3 of 
the patients with coronary artery disease, anginal chest 
pain and/or flat S'T-segment depression 1 mm or greater 
were present at the onset of VT. VT began during ex- 
ercise in 6 patients, and in 4 of these patients the V'T 
began consistently when a critical sinus rate was 
reached. In 10 patients, VT began either occasionally 
or exclusively after exercise, and was not associated with 
a critical sinus rate. 

Ventricular tachycardia unrelated to exercise 
(Table II): Spontaneous arrhythmia unrelated to ex- 
ercise was present in 9 patients. One patient (no. 5) had 


TABLE ll Characteristics of Exercise-induced and Spontaneous Ventricular Tachycardia 
Exercise-induced Ventricular Tachycardia Spontaneous Ventricular Tachycardia 
Rate Duration Frequency BBB ETT Stage Rate Duration Frequency BBB 

Pt (beats/min) (no. of beats) (episodes/min) Morphology of induction (beats/min) (no. of beats) (episodes/24 hr) Morphology 

1 190 <8 5 Left 140 <9 15 Left 

2 180 Sustained NA Left Variable 145 $35 6 Loft 

3 170 <7 3 P 0 0 0 

4 200 <20 4 Right 0 0 

5 130 Sustained NA Right Varlable 130 SI 5 id 

6 220 <6 3 Right RP 180-230 <50* 6 

7 190 <45 12 Left Variable 180 <10 25 Left e 

8 160 Sustained NA Left Varlable 150 <45" 55 Left 

9 170 Sustained NA Left 170 $25 101 Left 
10 150 x19 P 120-170 <13 5 P 
t1 180 <14 5 P Varlable 140-180 <40 8 P 
12 210 Sustained NA Left Varlable 0 0 0 
13 190 Sustained NA Right 0 0 0 
14 230 <6 3 by l 0 0 0 
15 150 <8 5 Variable 0 0 0 
16 190 <6 4 Left 0 0 0 

* Also had 1 episode of self-terminating sustalned ventricular tachycardia. 

BBB = bundle branch block; ETT = exercise tolerance test; NA = not applicable; P = pleomorphic; RP = recovery perlod. 


a 2-year history of recurrent VT requiring cardioversion; 
8 patients had no history of ventricular arrhythmia. All 
9 patients showed nonsustained VT during the control 
monitoring period, and 3 had an episode of self-termi- 
nating sustained VT as well. Although spontaneous 
nonsustained VT was relatively frequent in some pa- 
tients, it invariably became either sustained or more 
frequent during or immediately after the treadmill test. 
The spontaneous VT also tended to be slower than the 
exercise-related VT. In all but 1 of the patients, the 
spontaneous VT morphologic configuration was similar 
to that of the exercise-induced VT, although precise 
morphologic comparisons were precluded by the dif- 
ferent lead configurations of telemetric, Holter and 
exercise monitors. Patient 6 had several morphologic 
characteristics of spontaneous VT not evident during 
exercise. 
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FIGURE 1. Representative exercise electrocardiograms from 2 study 
patients. A, sustained ventricular tachycardia during exercise in patient 
12. B, incessant nonsustained ventricular tachycardla after exercise 
In patlent 7. 





Verapamil testing (Table III): Twelve of the 16 
patients responded to i.v. verapamil on repeat exercise 
testing. À complete response was seen in 10 patients and 
a partial response in 2. In all responders, the duration 
of exercise after i.v. verapamil equaled or exceeded the 
duration of exercise before treatment. One patient had 
a flushed sensation and 3 patients felt burning near the 
injection site; these were the only adverse effects of i.v. 
verapamil observed. 

None of the 4 patients tested while receiving the 
80-mg oral regimen demonstrated a complete response 
to verapamil, although 1 patient had a partial response. 
In this patient and 1 other, the 160-mg regimen com- 
pletely suppressed the arrhythmia, while the 2 other 
patients continued to have VT with this higher dosage 
and were not studied further. Of the 8 patients begun 
initially on the 160-mg regimen, 5 exhibited a complete 
response. One of the 3 nonresponders was successfully 
treated with a dosage of 320 mg every 8 hours. However, 
adverse effects of sinus bradycardia and orthostatic 
hypotension at doses higher than 160 mg prevented 
further testing in the other 2 patients. As with i.v. 
therapy, exercise duration in each responder equaled 
or exceeded that before treatment. 

The 5 patients without detectable heart disease ex- 
hibited the highest response rate to verapamil: Each 
responded to the i.v. drug, and 4 responded to oral 
therapy. All 3 patients with “right ventricular tachy- 
cardia” !! responded to both i.v. and oral verapamil. The 
response rate was lower in patients with coronary artery 
disease (5 of 7 i.v., 3 of 5 oral), and in patients with other 
types of heart disease (2 of 4 i.v., 1 of 2 oral). In addition, 
verapamil was more effective in patients with mono- 
morphic VT (11 of 12 i.v., 8 of 11 oral) than in those with 
pleomorphic VT (1 of 4 i.v., 0 of 1 oral). The PR interval 
increased from a control mean of 0.18 second to 0.22 
second (p «0.005) after the i.v. bolus, and the magnitude 
of the increase was similar to responders and nonre- 
sponders. The mean PR interval in patients receiving 
the 160-mg oral regimen was only slightly higher than 
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TABLE Ill Results of Oral Therapy in Responders to intravenous Verapamil 


Exercise Regimens 
Spont. VT Follow-Up 
Pt i.v. 80 mg po 180 mg po > 160 mg po Response Duratlon (mo) 
1 R NR NR — — $ 
2 R PR .R — R 25 
3 R NR NR — NA $ 
4 R NR R — NA 10 
5 R — R — R 13 
6 R — NR SE — Q 
7 R — R — R 21 
‘ 8 PR — R oe R 13 
9 R — NR R R 6 
12 PR — PR SE NA $ 
13 R -— R — NA 20 
14 R — R — NA 7 
l.v. = Intravenous; NA = not applicable; NR = no response; PR = partial response; R = complete re- 
sponse; SE = slde effects; Spont. = spontaneous; VT = ventricular tachycardia; — = not tested; ġ = 
not discharged on verapamil. 


the control value (0.20 vs 0.18, difference not significant) 
in both responders and nonresponders to this regimen. 
There was no correlation between the response to 
therapy and rate of VT, pattern of onset of VT (during 
vs after exercise), or QRS pattern during VT. 

Also, no relation was seen between the heart rate 
achieved during exercise and efficacy of therapy. In all 
4 patients with a consistent sinus rate-V'T relation, the 
sinus rate during exercise with verapamil therapy ex- 
ceeded the sinus rate associated with the onset of VT 
before therapy. However, both i.v. and oral verapamil 


prevented VT in 2 of these patients, and i.v. but not oral. 


verapamil prevented VT in 1 patient. In the remaining 
patient, neither regimen was effective. 

In 5 of the 8 responders to oral verapamil, 4 of whom 
had no detectable heart disease, VT unrelated to exer- 
cise was present before treatment (Table I). Each pa- 
tient demonstrated multiple episodes of nonsustained 
VT over a 24-hour period, and 3 of these patients had 
episodes of self-terminating sustained VT as well. In all 
5 patients, 24-hour Holter monitoring demonstrated a 


FIGURE 2. Plasma verapamil concentrations 
obtained during the different verapamil regimens. 
Patients are grouped as responders (R) and non- 
responders (NR) within each regimen. There Is a 
significant difference in levels between re- 
sponders and nonresponders after intravenous (IV) 
therapy, but not during the 160-mg oral regimen. 
The level after intravenous verapamil did not 
predict which patients would subsequently re- 
spond to the oral drug. NS = not significant. 


VERAPAMIL CONCENTRATION (ng/ml) 


marked reduction in VT with the oral verapamil regi- 
men (Table II): Four patients had no VT, whereas pa- 
tient 10 had a single 4-beat episode. 

In the 3 patients with evidence of acute ischemia at 
the onset of VT, there was no clear relation between 
suppression of ischemia and prevention of VT by 
verapamil. Intravenous verapamil did not prevent VT 
in 1 patient despite suppression of chest pain and elec- 
trocardiographic changes suggestive of acute ischemia, 
and in the other 2 patients i.v. verapamil prevented VT 
but oral therapy did not, despite apparently equivalent 
antiischemic effects of the 2 routes of administration. 

Verapamil did not affect the rate or duration of VT 
in the 4 nonresponders to i.v. therapy or in 3 of the 4 
patients who responded to the i.v. drug but subse- 
quently did not respond to oral therapy. The remaining 
patient in the latter group (no. 7) had 1 episode of 
nonsustained VT at 250 beats/min with the oral drug, 
compared with sustained VT at 220 beats/min during 
the control tests. All 8 of these patients responded (7 
completely and 1 partially) to therapy with a B-adren- 


6 Rasponders to IV and oral verapam!! a 
O Responders to IV but not orol verapamil 
O Nonresponders to IV verapamil 


peENs 





80 po 160 po 320 po 


. ergic blocking agent and were discharged on 6-blockade | 


^ therapy. 


Verapamil levels (Fig. 2): Plasma verapamil con- 


. centrations varied widely both after the i.v. bolus and 
. : during oral therapy. Verapamil concentration ranged 
* from 38 to 366 ng/ml (mean 157) after the i.v. bolus, 

. from 132 to 205 ng/ml (mean 171) during the 80-mg oral 
`. regimen, and from 63 to 818 ng/ml (mean 372) during 


-the 160-mg oral regimen. The mean verapamil con- 


centration after i.v. administration was significantly 


: higher in the responders than in the nonresponders (190 


^ v8 58 ng/ml, p <0.005). In addition, there was a clear 


geparation between the patients in each group: All 12 
patients who responded to i.v. verapamil had levels of 


' at least 105 ng/ml, whereas all 4 nonresponders had 
. levels of less than 80 ng/ml. In contrast, there was 
` marked overlap among verapamil concentrations in the 
- responders and nonresponders to the 160-mg oral reg- 
- imen, and the mean concentrations in the 2 groups were 

similar (336 vs 436 ng/ml, difference not significant). All 
- ` å patients who responded to i.v. verapamil but failed to 
.'" respond to the oral drug had a higher verapamil level 


with the oral regimen than after the i.v. bolus. 
Follow-up (Table III): All 8 responders to oral 


". verapamil were continued long-term on the regimen 


.. found to be effective. Six are alive after follow-up du- 
rations of 6 to 25 months (mean 15). None of these pa- 
—. tients have had symptoms suggestive of arrhythmia 

. . during exercise, and all were free of VT during follow-up 

. ‘exercise testing. 


Of the 5 patients who also had V'T unrelated to ex- 


/ ercise that was suppressed by verapamil during the 


initial evaluation, 4 remained asymptomatic without 


V'T during repeat 24-hour Holter monitoring, while 1 


^" patient (no. 5) had frequent recurrent episodes of VT 


unrelated to exercise after 2 months of treatment. De- 


' spite apparent control of VT after the addition of 


quinidine to his therapeutic regimen, the patient died 


. of VT unrelated to exercise 11 months later. 


One patient (no. 4) was lost to follow-up until he died 


9 suddenly 10 months after evaluation. He did not die 
- during exertion, and he had not previously demon- 


strated VT unrelated to exercise. In addition, the serum 


v ‘verapamil concentration of 144 ng/ml measured at 
: postmortem examination suggested poor compliance: 


This level was comparable to the level of 146 ng/ml 
measured during the 80-mg regimen, which had been 


. Ineffective for his exercise-induced VT, and was well 
-below the effective level of 544 ng/ml with the 160-mg 


regimen prescribed at discharge. At autopsy, old myo- 


- carditis was found that had not been clinically evident 


 premortem. 


Discussion 


Exercise-induced ventricular tachycardia: Our 
results show that verapamil is effective in suppressing 


*.. exercise-induced VT. Therapy remained effective and 
- ‘well tolerated during follow-up, indicating that verap- 


.  amil is a promising therapeutic alternative to f- 
‘adrenergic blockade in patients with VT related to 
. 9Xercise. | 


"There are 2 previous reports of verapamil use in ex- 


- ercise-induced VT. In the study of Wu et al 9 i.v. verap- 


amil prevented VT during subsequent exercise in 2 of 
3 patients with right VT. In the case report of Brodsky 
et al,!! oral verapamil prevented exercise-induced VT 
in a patient with coronary artery disease and angina 
pectoris. In our study of a much larger and clinically 
heterogeneous patient population, verapamil was most 
effective in patients without detectable heart disease, 
but the presence of coronary or other heart disease did 
not preclude a response to the drug. 

Ventricular tachycardia unrelated to exercise: 
Verapamil was also highly effective in preventing VT 
unrelated to exericse in patients without detectable 
heart disease, suggesting that the 2 types of VT shared 
a common mechanism in these patients. This observa- 
tion is also consistent with previous studies!9?-?0 of VT 
unrelated to exercise that report much greater effec- 
tiveness of verapamil in patients without than in those 
with heart disease. Efficacy of verapamil also has been 
correlated with the mode of induction of VT: In studies 
using programmed electrical stimulation to induce 
VT,!&9 verapamil has usually been ineffective when 
VT is induced by ventricular extrastimulation, but has 
often been effective when VT is induced by atrial or 
ventricular pacing or atrial extrastimulation. Our results 
indicate that exercise testing may also identify patients 
with VT who are likely to respond to verapamil. 

Verapamil levels: The difference in verapamil 
concentration between responders and nonresponders 
to the i.v. bolus suggests that failure of i.v. therapy may 
have resulted from inadequate plasma drug levels. The 
variability in plasma levels after 1.v. verapamil is con- 
sistent with the known variability of drug distribution 
volume and distribution half-life among individu- 
al patients.?! If higher levels had been attained in 
the nonresponders, either from a larger bolus or 
from a maintenance infusion after the bolus, these pa- 
tients might instead have responded favorably to i.v. 
verapamil. 

In contrast, no significant difference in verapamil 
concentration was present between the responders and 
nonresponders to the oral drug. Each patient in whom 
oral therapy was unsuccessful had a plasma level higher 
than that after the effective i.v. bolus, but verapamil 
levels obtained during oral therapy may not be directly 
comparable with those after i.v. administration: Pre- 
vious studies?2?3 have reported that the plasma con- 
centration required to produce the same amount of 
PR-interval prolongation is approximately 3-fold higher 
with oral than with i.v. verapamil. This difference may 
be due either to lower myocardial concentrations of drug 
during oral versus i.v. therapy,4 or to a smaller amount 
of drug present in the more active l-isomeric form.” In 
each of our 4 nonresponders to the oral drug, the PR- 
interval prolongation was less during oral than after i.v. 
therapy; in 3 of these 4, the verapamil concentration 
with oral therapy was not 3-fold greater than after the 
effective i.v. bolus. T'herefore, the unresponsiveness of 
these patients to oral verapamil was most likely a result 
of failure to achieve the same drug effect produced by 
i.v. therapy. 

Pathophysiology: Our results suggest that in many 
patients, V'T induced by exercise may involve the cal- 
cium-dependent slow inward current that is inhibited 


by verapamil.” On the basis of similar results, Wu et alë 
proposed that delayed afterpotentials, which are de- 
pendent on the slow inward current, might be respon- 
sible for exercise-induced VT. Because delayed after- 
potentials are enhanced by catecholamines and 
increased heart rate,’ this mechanism could explain the 
induction of exercise-induced VT by isoproterenol 
infusion?-? and by achievement of a critical sinus rate, 
and explain the responsiveness of this arrhythmia to 
8-adrenergic blocking agents.*-? In our previous study, 
weenoted that in patients with a consistent relation 
between a critical sinus rate and the onset of VT, 6 
blockade appeared to prevent V'T by preventing 
achievement of the critical sinus rate during exer- 
cise—an effect that may have indirectly decreased the 
magnitude of delayed afterpotentials. Verapamil did 
not act by affecting sinus rate in the current study, but 
may have prevented VT by directly suppressing delayed 
afterpotentials. However, these observations and the- 
oretical considerations do not exclude reentry?8 or 
catecholamine-sensitive automaticity” as possible 
mechanisms for exercise-induced V'T. In addition, the 
effectiveness of verapamil may not have been a result 
of inhibition of the slow inward current, but instead to 
its weak inhibitory effect on the fast sodium channel?? 
or to one of its hemodynamic actions. 

It is unlikely that the antiarrhythmic effect of verap- 
amil was due to prevention of myocardial ischemia in 
the patients with coronary artery disease. In the 3 pa- 
tients with evidence of acute ischemia during exercise, 
suppression of ischemia by verapamil did not correlate 
with suppression of VT; in the remaining 4 patients with 
coronary artery disease, there was no evidence to suggest 
that acute ischemia was responsible for VT. However, 
the indexes of ischemia used in this study are imperfect, 
and the possibility that the antiischemic action of 
verapamil prevented VT in some patients cannot be 
discounted. 
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Four patients In whom rapid atrial pacing resulted 


In transient entrainment of a sustained ventricular 


"achycardla (VT) are reported. Ventricular fusion 


"Y 


",-was seen Iri 3.of the 4. The following new obsérvd-- 


- 


m 


£t. 


$ . 1 - + 
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-tlons-were made: (1) A single atrial depolarization 


‘resulted In ventricular fusion and resetting of a VT, 


; while atrial pacing at a faster rate entrained the 


“game VT but without detectable fusion. This 
. . Süggests that fusion during entrainment may be a 


' rate-dependent pheriomenon. (2) The Interval be-. .- 


.. tween the last paced beat and the first nonpaced VT 


r beat was different from the pacing cycle length In: 
"8 patients. Two mechanisms accounted for this: the- - 


place only during t 


wavefront; with:fuslon taking 
terminal forces, and the last . 
entrained cycle excéeding the pacing cycle length 


result of the "o pacing w 


- by an amount related to the nonfused portion of the 


ORS, and delay In the présumed reentrant. circult rê- 


“sponsible : for the tachycardia. (3) One VT: ‘was 


entrained with atrial pacing while ventricular pacing 
at the same rate resulted In termination, suggesting. 


- "gite specificity" for termination: itis concluded that ^. 


entrainment can occur without the criteria previously 
described as characteristic of It and that additional. ' . 


5 phenomena may be observed after stimulation that 
‘further rapport reentry as the mechanism of VT. 


de ot 





-initial forces of each entrained QRS; occurring ása 
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lt jas long beén —9 that paanan beats 
.can.appear during ventricular tachycardia (VT),either ` 


_ with. “pure” supraventricular or fusion morphology. 


However, VT is uncommonly initiated or terminated ` ` 


. by.atrial pacing or atrial premature éxtrastimuli.23 The . 
: “phenomenon of intermittent or continuous resetting - 


' (ie., entrainment) has provided information relative to: 


` VT mechanisms. 45 Only recently was the ability of su- 


"praventriculàr beats to entrain VT recognized and an-: 


alyzed in a patient.® The striking difference between the 
; hatrow QRS R oe from nee 
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i ae and the ise one seen dos VT provides a a 
unique oppórtunity to observe fusion during resetting 


and entrainment. We present 4 patients in whom VT 
entrainment by atrial pacing was observed. We found 
that VT could be affected (reset or entrained) by su- ` 


- praventricular beats even if they. could not terminate 
‘the arrhythmia, and we present some. interesting 


features of the phenomenon of enírainment of VT 
which, to' our ME have not Caga been 
described. 


Y : 


‘Methods 


Patients: Table Iis asummary of the clinical und dlactio- A 
physiologic characteristics of the 4 patients. Allexceptipa- ` 
tient had coronary artery disease and a left ventricular-an- 


eurysm. Sustained VT was clinically documented in all 4, and 
all were receiving class I antiarrhythmic drugs at the time of.. 
the study: In patients 1, 2 and 3, VT was reproducibly : induced 
by ventricular extrastimuli. In patient 4, VT was re- 
producibly initiated by 2 ventricular extrastimuli in the 
baseline state. During intravenous procainamide therapy a: 


- morphologically: similar but slower, VT ‘spontaneously ‘oc- 
curred, which could be terminated only by a train of veritric- | ` 


ular impulses followed by an extrastimulus." In no patient was ` 


NT induced by atrial premature depolarizations , or. atrial s 
l pacing. 2^ ; d A "E 


O 2 2 | 


TABLE! Clinical and Electrophyslologic Findings 


Age (yr) Cardiac Clinical VT 
Pt & Sex Diagnosis ^ Presentation induction Drugs 
1 39M CADA VA S-VT 1or2 VE PA 
2 57M CAD-LVA S-VT 1or 2 VE PA 
3 63M CAD-LVA S-VT 1 VE Q 
4 28F IDC S-VT —* PA 


* Tachycardla occurred spontaneously. 

CAD = coronary artery disease; LVA = left ventricular aneurysm; 
IDC = idiopathic dilated cardiomyopathy; PA = procalnamide; Q = 
quinidine; S = sustained; VE = ventricular extrastimull; VT = ventricular 
tachycardia. 


Methods: Electrophysiologic evaluations were performed 
with the patients in the nonsedated, postabsorptive state after 
they had given informed consent. 'T'wo to 5 catheters, usually 
multipolar, were introduced percutaneously or by cutdown 
and positioned in the heart under fluoroscopic guidance. 
Stimulation was performed with a custom-designed pro- 
grammable stimulator (Bloom Associates Ltd.) delivering 
rectangular pulses 1 ms in duration at 2 times diastolic 
threshold. Programmed electrical stimulation was performed 
as previously described.9? Atrial pacing and 1 to 2 atrial pre- 
mature depolarizations were delivered during normal sinus 
rhythm and atrial pacing. Single and double ventricular ex- 
trastimuli were delivered during normal sinus rhythm and at 
least 2 paced cycle lengths (CL), usually 600 and 400 ms, from 
the right ventricular (RV) apex and RV outflow tract. RV 
pacing was then performed (400 to 250 ms). If no VT was in- 
duced, 3 ventricular extrastimuli at multiple paced CL and 
normal sinus rhythm were introduced. A similar stimulation 
protocol of incremental atrial and ventricular pacing and 
ventricular extrastimuli was performed during sustained VT. 
Bipolar intracardiac electrograms were filtered at 30 to 500 
Hz, displayed on a multichannel oscilloscope (Electronics for 
Medicine, VR16) and recorded simultaneously with an ink-jet 
recorder (Siemens Mingograf) and magnetic tape (Honeywell 
model 5600). 


Results 


The following observations from the 4 patients are 
summarized in Table II. 

Patient 1: Atrial pacing at increasing rates resulted 
in various QRS morphologies. Às shown in Figure 1, 
each morphology persists as long as the pacing rate is 
maintained constant. However, the faster the pacing 
rate the narrower the QRS complex; i.e., a greater per- 
centage of the ventricles is activated as a result of the 
supraventricular impulse through the His-Purkinje 
system (“progressive fusion") until true supraventric- 
ular capture (i.e., normal QRS) is observed (pacing CL 
400 ms). When pacing is ended, VI resumes with 
identical morphology and CL. However, the first RR 
interval equals the paced CL, a proposed criterion for 
entrainment (to be discussed later).!9!! Also a supra- 
ventricular beat demonstrating fusion occurs after the 
second VT beat, which also resets the VT. Of note, 
ventricular pacing at the same rate resulted in termi- 
nation of VT (Fig. 1, bottom). 

Patient 2: Figure 2B shows a sinus beat capturing the 
ventricles during a slow VT. The return cycle after this 
sinus capture (515 ms) is shorter than VT CL, but both 
the QRS morphology and the relative timing of the local 
electrogram are the same as during VT, i.e., this sinus 


TABLE lf Observations during Entrainment 
(All Measurements In ms) 
Pacing Surface QRS 
Pt VT-CL CL Fusion LEI 
1 520 400 + 400 
2 800 450 = 520 
3 430 350 e 470 
4 340 300 T 320 


CL = cycle length; LEI = last entrained Interval; VT = ventricular 


tachycardia 


beat induced resetting of the tachycardia. Although the 
QRS morphology and HV intervals in the captured beat 
are indistinguishable from those during sinus rhythm 
(Fig. 2A), a careful look at the local electrograms shows 
that the coronary sinus electrogram is advanced, 
whereas the left ventricular septal electrogram is not. 
That is, there is "concealed" intraventricular fusion 
resulting from collision between the supraventricular 
wavefront and the tachycardia wavefront. Figure 2C 
shows rapid atrial pacing during this same VT, resulting 
in a QRS morphology again indistinguishable from that 
during sinus rhythm. However, the ventricular activa- 
tion sequence is now identical to that during sinus 
rhythm (Fig. 2A). Therefore, there is no recognizable 
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FIGURE 1. A surface electrocardlogram lead (lead !) is continuously 
recorded during a ventricular tachycardia (VT) with a cycle length (CL) 
of 520 ms. Rapid atrial (A) pacing is performed at Increasing rates 
(paced CL between 480 and 400 ms). Arrows mark the onset and offset 
of atrial stimulation. Bottom, ventricular (V) pacing, performed at a basic 
CL of 400 ms, results in normal sinus rhythm (NSR). See text for dis- 
cussion. From Josephson ME, Horowltz LN. Electrophysiologic 
approach to therapy of recurrent sustained ventricular tachycardia. 
Reproduced with permission from the publisher, Am J Cardiol 1979; 
43:637. 
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ve FIGURE 2. A, surface electrocardiogram lead, along with 6 intracardiac leads from the atrioventricular junction (HBE), right ventricular apex (RVA), 
. coronary sinus (CS), distal (d), medium (m) and proximal (p) left ventricular septum (LVS) and time lines (T), during normal sinus rhythm (NSR). B 


and C, same leads recorded during ventricular tachycardia. S = stimulus. Asterisk indicates a sinus idem capturing the ventricles during a slow 
iaka See text Odeon Reprinted with permission from Am J Cardiol." ME 


. Surface or intracardiac manifestation of fusion. After 


pacing is ended, V'T resumes with the same morphologic 
pattern, CL and activation sequence. However, the in- 
terval between the last paced beat and the first subse- 


: quent VT beat is shorter than VT CL but longer than 


the pacing CL in each lead, including the surface 
QRS. 

Patient 3: Atrial pacing during VT resulted in a 
stable reduction of the QRS width from 160 ms during 
VT without atrial pacing to 120 ms when atrial pacing 
is performed (Fig. 3). During pacing the timing of the 


RV apical electrogram with respect to the QRS onset is 


reduced from 65 to 10 ms. The HV interval-increases to 
a level similar to that during sinus rhythm. The QRS 
morphology during pacing becomes similar to that 


d 


during sinus rhythm. When pacing is ended, VT re- ~ 
sumes with the same morphology and ventricular acti- _ 
vation sequence but with a longer CL for 2 beats. . 
Patient 4: Atrial pacing during VT resulted in a 
progressive narrowing of the QRS complex (Fig. 4A). 
The initial QRS forces are identical to those during 
normal sinus rhythm (Fig. 4B), although fusion is 
probably present, as shown particularly in aVF. During ` 
V'T, the RV apical electrogram occurs at the onset of the 


. QRS and is followed by the RV outflow tract electro- 


gram. Over a few beats (Fig. 4A, last 7 beats of the upper 
panel), the RV outflow tract electrogram changes in its 
morphologic pattern and is inscribed earlier relative to 
the surface QRS onset. The RV apical electrogram is 
now inscribed later relative to the QRS onset, but with 


FIGURE S. Three surface lese along wh 2 intrecdr diac lande and tein: Ati pacing (arrows) t paced cjl length of 350 m porters 
Suring sustained duod tachycardia. F = ventricular fusion; other abbreviations as in cames tend nem text for discussion. Es 


only a slight modificiation in its morphology. When 
pacing is ended, VT resumes with the same morphology 
and CL. The RV outflow tract and RV apical electro- 
graphic morphologic patterns and timings return to the 
initial pattern. The interval from the last paced VT beat 
to the first nonpaced VT beat equals the paced CL 
measured at the RV apex, is longer than the paced CL 
but shorter than the VT CL measured at the surface 
QRS and is longer than the VT CL measured at the RV 
outflow tract. 

° Discussion 

Reproducible initiation of a tachycardia by single or 
multiple premature stimulation has been considered 
most consistent with reentry.1?1? Arrhythmias caused 
by triggered activity, however, can also be initiated, 
although less reliably.1* The response of the tachycardia 
during programmed stimulation can provide informa- 
tion to distinguish these mechanisms. Entrainment, as 
described by Waldo et al,!° provides evidence sup- 
porting reentry. Only 1 case of entrainment of VT by 
atrial pacing has been reported. Requirements pro- 
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FIGURE 4. A, 3 surface electrocardio- 
graphic leads continuously along with 
2 intracardiac leads and time lines. T 

Rapid atria! pacing (arrows) is per- 

formed at a paced cycle length (CL) of 

300 ms during a 340-ms CL sustained 

ventricular tachycardia (VT), resulting aVF 

in a narrower QRS complex. When 

pacing Is ended, the same VT resumes. 

The QRS onset on the last paced beat 

and the first 2 nonpaced VT beats iS py, PACIN 
marked by dotted fines. Note that a 
superimposed P wave deforms the first 

nonpaced QRS, but both the downward RVOT 
deflection in aVF and the right ventric- 

ular apical (RVA) electrogram (as a T 
reference) allow the precise Identlfi- 

cation of the QRS onset. B, the same B 
surface and intracardiac leads recorded 

during sinus rhythm. HBE = His bundie ] 
electrogram; RVOT = right ventricular 

outflow tract. See text for discussion. 
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posed*.6,10,11,15,16 for entrainment include the following. 
(1) Fusion in the electrical activation of the heart as a 
result of 2 wavefronts of activation coincidental on time: 
1 coming from the pacing site and the other coming from 
the site of origin of the tachycardia as a result of its 
entrainment; the degree of fusion should be constant for 
each paced rate. (2) Different degrees of fusion occur- 
ring at different pacing rates, the so-called “progressive 
fusion.” (3) Resumption of the intrinsic rate of the 
tachycardia after cessation of pacing, although (4) the 
first tachycardia complex occurs at the pacing rate and 
shows no fusion. (5) Termination of the tachycardia by 
pacing at a rate faster than the rate required for en- 
training the tachycardia. 

However, different electrophysiologic phenomena 
should be considered when analyzing the effects of rapid 
pacing during a tachycardia." In our patients, concealed 
perpetuation, termination followed by reinitiation and 
overdrive suppression should be ruled out. 

The term “concealed perpetuation” has been used to 
describe the ability of ventricular extrastimuli or pacing 
to capture a large segment of myocardium without 
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`. FIGURE 5. Diagrammatic representation of the events in Figure 4. The 


ventricular myocardium is divided into the area corresponding to the 
Circuit being the hypothetical origin of the arrhythmia (SOO) and the rest 
of the ventricle. The lines would represent the pathways of ventricular 


' excitation. The circuit ls assumed to have discrete, fixed and different 


sites of entrance (EN) and exit (EX). ECG = electrocardiogram; other 


* abbreviations as in Figures 1 and 4. See text for discussion. 


capturing or influencing the origin of the tachycardia, 
which therefore continues at its own rate.17 Essentially 


. all but the tachycardia focus may be captured by the 


——L———— 
] 


pacing wavefront. As a result, major changes in the QRS 
: morphology can be noted, becoming similar or identical 
‘to that during pacing alone (ie., VT is concealed). 


However, the tachycardia emerges as soon as pacing 18 


. discontinued, i.e., it is “perpetuated” during pacing. If 


the tachycardia CL is stable and the pacing run is short, 


| . concealed perpetuation can be easily identified because 


the interval between the last tachycardia beat before 


. pacing and the first beat after pacing is a multiple of the 


CL of the tachycardia, i.e., the pause after pacing is fully 
compensatory. If the pacing run is long, different de- 
grees of fusion in the QRS complex are expected as a 


result of the difference between the CL of both pacing 


and tachycardia. That is, the “bystander” portion of the 
ventricles will be captured, but because the pacing rate 
is different than the tachycardia rate, the portion of the 
ventricles captured by the paced and tachycardia 
wavefronts will vary from beat to beat. Therefore, fu- 


..— sion, although present, will be variable and not fixed at 


a constant pacing rate. In the 4 patients presented, there 


- is either fixed fusion or no fusion, and, when short runs 


are shown, the intervals are not multiples of the 


=- tachycardia CL. Moreover, in patients 2 and 3, the 


second after-pacing V'T beat shows a longer CL, strongly 
supporting that the tachycardia has been affected. 


. Termination of the tachycardia followed by its reini- 


tiation is a much less frequent phenomenon although 
more difficult to exclude; in our patients this mecha- 


'. nism is unlikely because (1) atrial pacing performed 


` during sinus rhythm failed to induce VT and (2) in pa- 


tients 1 and 4, constant fusion was present. Overdrive 


. Suppression applies to automatic rhythms, a mechanism 
. highly unlikely in our patients, because they were re- 
. producibly induced and terminated by programmed 
. electrical stimulation.!? 


The phenomenon of entrainment is conceptually 


. different from these 3 other phenomena. In contrast to 
' concealed perpetuation, entrainment assumes that the 


tachycardia is affected, with the rate of all tissue re- 
sponsible for sustaining the tachycardia being tran- 
siently increased to the pacing rate.!9 However, the 
tachycardia is not suppressed (as in overdrive sup- 


pression) or terminated (as in termination followed by _ 


reinitiation) by rapid pacing. This last possibility differs 
conceptually from entrainment in that during en- 
trainment, the paced impulses occupy the circuit, but 
in such a way that the tachycardia has the potential to 
resume if pacing is stopped. In tachycardia termination, 
the paced impulses also occupy the circuit, but adi- 
tional events take place (block in both limbs or block in 
the anterograde limb and collision in the retrograde 
limb) so the tachycardia cannot resume if pacing is 
stopped immediately after. 

In 8 of the 4 patients, the interval from the last paced 
beat to the first nonpaced VT beat did not equal the 
pacing rate. Two mechanisms were responsible for that. 
In patient 4 (Fig. 4A), the RV apical electrogram is si- 
multaneous with the QRS onset during VT and only 
slightly modified during pacing and its first interval 
after pacing matches the paced CL. The QRS mor- 
phology is similar, but not identical, to that during 
normal sinus rhythm (Fig. 4B); i.e., there probably is 
ventricular fusion. In Figure 5, the explanation proposed 
for these findings and the intervals after pacing are di- 
agramatically represented. When pacing is performed 
during VT, the RV apical electrogram is depolarized 
from the wavefront originating in the (entrained) VT 
origin; therefore, the interval on the last entrained beat 
(measured at the RV apex) equals the paced CL. How- 
ever, when measured on the surface QRS, this interval 
exceeds the paced CL by an amount equal to the dura- 
tion of the nonfused portion of the QRS complex (Fig. 
5, curved arrow). According to our proposed mechanism, 
only if the initial forces of the QRS were generated by 
the (entrained) VT wavefront would the last interval 
equal the paced CL as previously described.®!° In pa- 
tients 2 and 3, the last entrained interval exceeds the 
paced CL. Although the mechanism just outlined is 
probably partially responsible, a different mecha- 
nism—delay in the reentrant circuit in response to 
pacing more rapid than the VT CL— probably con- 
tributes. This is suggested by the lengthening in the VT 
CL in the subsequent beat. 

Fusion is another keystone of entrainment.®!° Pa- 
tient 1 shows progressive fusion, i.e., different degrees 
of fusion at different pacing rates, with constant fusion 
at each paced rate. Patients 2 and 3 show entrainment 
without fusion identifiable on the surface QRS, which 
is morphologically identical (in the recorded leads) to 
that during sinus rhythm. The recorded electrograms 
are also captured by the pacing wavefront; therefore, 
there is neither surface electrocardiographic nor in- 
tracardiac evidence of fusion. Although it has been 
postulated that fusion can be absent during entrain- 
ment of VT,‘ this was only recently demonstrated.” In 
a different model, the Wolff-Parkinson-White syn- 
drome, absence of atrial fusion was shown to be com- 
patible with entrainment during atrial pacing.)? Pa- 
tients 1 and 2 show a single atrial depolarization with 
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FIGURE 6. Diagram similar to that in Figure 5; however, the atria are 
paced at a faster rate and fusion takes place now only within the 


reentrant circuit. Fusion Is lacking on the surface electrocardlographic 
morphology. Abbreviations as In Figure 5. 


overt (Fig. 1) or "concealed" (Fig. 2B) fusion causing 
resetting of VT. This is mechanistically similar to en- 
trainment with fusion. Patient 2 had a single atrial de- 
polarization (Fig. 2B) with “concealed” intraventricular 
fusion (only evident in the intraventricular recordings), 
producing resetting (entrainment for 1 beat) with a 
coupling interval longer than the atrial-paced CL that 
produced entrainment (Fig. 2C) and with a similar re- 
turn cycle (510 vs 520 ms). The similarity of return cycle 
in 2 circumstances adds further support that atrial 
pacing did, in fact, result in entrainment, and suggests 
that fusion may be dependent on the paced CL and may 
disappear with increasing pacing rates (Fig. 2C). Figure 
6, arranged in a fashion similar to Figure 5, suggests a 
potential mechanism for rate dependency of fusion 
during entrainment. In both figures, each paced wave- 
front enters the reentrant circuit and, after proceeding 
along the reentrant pathway, interacts with the next 
paced wavefront. If each excitation wavefront exits from 
the circuit before colliding with the next paced wave- 
front, overt ventricular fusion will ensue (Fig. 5). 
However, a further shortening of the paced CL may 
result in retrograde invasion of the circuit beyond the 
site of exit (Fig. 6), preventing the exit of each excitation 
wavefront from the circuit and precluding ventricular 
fusion. Note that in such an event, fusion still occurs, 
but it is confined to the reentrant circuit and lacks 
electrocardiographic manifestations. These consider- 
ations are still applicable if there is unidirectional block 
in the retrograde direction rather than collision within 
the circuit. Exit from the circuit and fusion may be 
present at longer paced CLs, but prevented at shorter 
paced CLs by invasion of the tissue surrounding the 
circuit by each paced wavefront. 

It has been pointed out that entrainment suggests 
reentry as the underlying mechanism.9?! Figures 5 and 
7 clarify why entrainment with fusion suggests reentry. 
It does so mainly for “geometric” reasons. A reentrant 
model with separate entrance and exit sites best ex- 
plains how a pacing-generated activation wavefront 
affects the arrhythmia origin (entraining it) while, 
coincidentally, another activation wavefront emerg- 
es from the tachycardia origin and causes fusion 
(Fig. 7). 





FIGURE 7. Geometric model for understanding of entrainment witt 
fusion is depicted. PS = pacing site If ventricular pacing or endocardia 
breakthrough if atrial pacing; other abbreviations as in Figure 5. See 
text for discussion. 


Another interesting observation was made in patient 
1: The pacing rate may not be the only determinant o1 
termination; ventricular pacing at the same rate at 
which atrial pacing induced entrainment resulted in 
termination of the VT (Fig. 1). The duration of pacing 
another determinant of termination,19:151? was actually 
shorter in the burst of ventricular pacing resulting in 
termination. Whether a variable site of entrance intc 
the circuit or a different mechanism is responsible fo1 
this “site specificity” for termination cannot be deter- 
mined from those tracings. 

The examples presented suggest that none of the 
criteria of entrainment previously described is abso- 
lutely necessary to establish the presence of this phe- 
nomenon. Because each criterion can be absent in £ 
particular patient, none can be requisite for the diag- 
nosis. Efforts should be directed to prove that the es- 
sence of the phenomenon—a transient increase in the 
rate of all tissue responsible for sustaining the tachy- 
cardia, to the pacing rate, with resumption of the 
tachycardia upon cessation of pacing!*—is taking 
place.” Each patient should be individualized, othe: 
electrophysiologic phenomena ruled out and the criterie 
already recognized considered as general guidelines 
rather than requirements to be met in all cases. Furthe: 
studies aimed at developing new criteria for the recog- 
nition of entrainment are desirable. 
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Clinical Clues to MIXED ANGINA 


d 


& Most days she can climb the 
Stairs with no difficulty. But 
today she was less than half-way 
up when an angina attack 
stopped her. 


And because vasocon- 
striction is an unpredictable 
event, ischemia and pain occur 

PS unpredictably: 
at varying levels of exercise 
at rest, or even during sleep 
upon exposure to cold 
under emotional stress 
diurnally, typically in 
the morning 





PROCARDIA 


No. 5 


PROCARDIA* (nifedipine) 
is a primary therapy for 
the patient with MIXED 
ANGINA. It prevents vaso- 
constriction in both large 
coronary arteries and coro- 
nary arterioles to maintain 
myocardial blood flow and 
oxygen supply. At the same 
time, PROCARDIA dilates 
peripheral arteries to 
reduce afterload and 
myocardial oxygen 
demand. 

As a result, PROCARDIA 
can significantly reduce 
your patient's angina 
attack rate and need for 
nitroglycerin! 





(NIFEDIPINE) ^^"^ ""* 


Primary Protection in 


Please see PROCARDIA® (nifedipine) brief summary on next page 








. Lhe Stairs seem steeper today ; 
AL PROCARDIA - 
5 (NIFEDIPINE) ^^" ?"* 

KA PRIMARY PROTECTION IN MIXED ANGINA 

E: Usual Effective Dosage: 30 to 60 mg/day 





For most patients, titrate over 7 to 14 days, using the patient's blood pressure 
response, attack frequency, sublingual nitroglycerin intake and activity level as 
a guide. Titration may be more rapid (e.g., 3 days) if symptoms warrant and the 
patient is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance (occasional 
patients have had excessive hypotension), careful monitoring of blood 


€ —_ à pressure during initial administration and upward dosage titration is 


Reference: 

1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of 
nifedipine therapy in patients with refractory 
angina pectoris: Significance of the presence of 
Ema vasospasm. Am Heart J 106:644-652, 


Brief Summary 
PROCARDIA* (nifedipine) Capsules For Oral Use 


INDICATIONS AND USAGE: I. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the management of va- 
sospastic angina confirmed by any of the following criteria: 1) classical pattern of MM at rest accompanied by ST seg- 
ment elevation, 2) angina or bed artery spasm provoked by ergonovine, or 3) angiographically demonstrated 
coronary artery spasm. In those patients who have had angiography, the presence of significant fixed obstructive disease 
is not incompatible with the diagnosis of vasospastic angina, provided that the above criteria are satisfied. PROCARDIA 
may also be used where the clinical presentation suggests a possible vasospastic component but where vasospasm has 
not been confirmed, e.g., where pain has a variable threshold on exertion or in unstable angina where electrocardio- 
raphic findings are compatible with intermittent vasospasm, or when angina is refractory to nitrates and/or adequate 
oses of beta blockers. , 

ll. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the management of 
chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain symptomatic de- 
spite adequate doses of beta blockers and/or organic nitrates or who cannot tolerate those agents. 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up to eight 
weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of sustained effective- 


-ness and evaluation of long-term safety in these patients are incomplete. 


Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking agents 

may be beneficial in patients with chronic stable angna but available information is not sufficient to predict with confi- 
dence the effects of concurrent treatment, especially in patients with compromised left ventricular function or cardiac 
conduction abnormalities. When ROUEN) such concomitant therapy, care must be taken to monitor blood pressure 
closely since severe hypotension can occur from the combined effects of the drugs. (See WARNINGS.) 
CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 
WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is modest and 
well tolerated, occasional patients have had excessive and poorly tolerated hypotension. These responses have usually 
occurred during initial titration or at the time of subsequent upward dosage adjustment, and may be more likely in pa- 
lients on concomitant bela blockers. 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving PROCARDIA 
together with a bela blocking agent who underwent coronary artery bypass surgery rat ta dose fentanyl! anesthesia. 
The interaction with high dose fentanyl appears to be due to the combination of PROCARDIA and a bela blocker, but the 
possibility that it may occur with PROCARDIA alone, with low doses of fentanyl, in other surgical procedures, or with 
other narcotic analgesics cannot be ruled out. In PROCARDIA treated patients where surgery using high dose fentanyl 
anesthesia is contemplated, the physician should be aware of these pona roblems and, if the patient's condition 
permits, sufficient time (at least 36 hours) should be allowed for PROCARDIA to be washed out of the body prior to 
surgery. 

Increased Angina: Occasional patients have developed well-documented increased frequency, duration or severity of 
angina on starting PROCARDIA or at the time of dosage increases. The mechanism of this response is not established but 
could result from decreased coronary perfusion associated with decreased diastolic pressure with increased heart rale, 
or from increased demand resulting from increased heart rate alone. 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syndrome with in- 
creased angina, probably related to increased sensitivity to catecholamines. Initiation of PROCARDIA treatment will not 
revent this occurrence and might be expected to exacerbate it by provoking reflex catecholamine release. There have 
n occasional reports of increased angina in a setting of beta blocker withdrawal and PROCARDIA initiation. It is im- 
portant to taper beta blockers if possible, rather than stopping them abruptly before beginning PROCARDIA 
Congestive Heart Failure: Rarely, patients, usually receiving a beta blocker, have developed heart failure after begin- 
ning PROCARDIA. Patients with tight aortic stenosis may be al greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, careful mon- 
itoring of blood pressure during the initial administration and titration of PROCARDIA is Sent Close observation is 
^ RANGE pcommended for patients already taking medications that are known to lower blood pressure. (See 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and not due to 

left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema occurs primarily in 


suggested, especially for patients taking drugs known to lower blood 
pressure. Occasional patients have developed increased frequency, duration or 
severity of angina on starting PROCARDIA or at the time of dosage increases. 


A Favorable Safety Profile 


Most frequently reported side effects, usually mild, are dizziness or 
lightheadedness, peripheral edema, nausea, weakness, headache and 
flushing, each occurring in about 10% of patients, transient hypotension in 
about 596, palpitation in about 296 and syncope in about 0.596. 


the lower extremities and usually responds to diuretic therapy. With patients whose angina is complicated by congestive 
heart failure, care should be taken to differentiate this peripheral edema from the effects of increasing left ventricular 
dysfunction. 

Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alkaline phos- 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncertain 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical symp- 
toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have been 
reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregation 
and increase in bleeding time in some PROCARDIA patients. No Clinical significance for these findings has been 
demonstrated. 

Drug interactions: Beta-adrenergic blocking agents: (See Indications and warnae Lones in over 1400 pa- 
tients in a non-comparative clinical trial has shown that concomitant administration of PROCARDIA and beta-blocking 
agents is usually well tolerated, but there have been occasional literature reports suggesting that the combination may 
increase the likelihood of congestive heart failure, severe hypotension or exacerbation of angina. 

ps heer nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no controlled 
studies to evaluate the MOM effectiveness of this combination. 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal volunteers. 
The average increase was 4596. Another investigator found no increase in digoxin levels in thirteen patients with coro- 
nary artery disease. In an uncontrolled study of over two hundred patients with congestive hear! failure during which di- 
goxin blood levels were not measured, digitalis toxicity was not observed. Since there have been isolated reports of 
patients with elevated digoxin levels, it is recommended that digoxin levels be monitored when initiating, adjusting, and 
discontinuing PROCARDIA to avoid possible over- or under-digitalization. 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking coumarin an- 
ticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma levels (80%) 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg per 
day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently receiv- 
ing cimetidine, cautious titration is advised. 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two years 
and was nol shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a dose 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative. 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mice 
and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA should be used during 
pregnancy only if the potential benefit justifies the potential risk to the fetus. 

ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral edema, 
nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypotension in about 5%, 
ep in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with reduction in the dose of 

ROCARDIA or concomilant antianginal medication. Additionally, the following have been reported: muscle cramps, 
nervousness, dyspnea, nasal and chest congestion, shortness of breath, diarrhea, constipation, gastrointestinal cramps, 
flatulence, inflammation, joint stiffness, shakiness, jitteriness, sleep disturbances, blurred vision, difficulties in balance, 
dermatitis, pruritus, urticaria, fever, sweating, chills, sexual difficulties, thrombocytopenia, anemia, leukopenia, pur- 
pura, allergic hepatitis, gingival hyperplasia, and erythromelalgia. Very rarely, introduction of PROCARDIA therapy was 
associated with an increase in anginal pain, possibly due to associated hypotension. 

In addition, more serious adverse events were observed, not readily distinguishable from the natural history of the 

disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardial 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricular ar- 
rhythmias or conduction disturbances each occurred in fewer than 0.5% of patients. 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAP- 
SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (NDC 
0069-2600-41). The capsules should be protected from light and moisture and stored at controlled room temperature 
59° to 77°F (15° to 25°C) in the manufacturer's original container. 
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Electrical Alternans in Wide Complex Tachycardias 


MARK S. KREMERS, MD, JOHN M. MILLER, MD, and MARK E. JOSEPHSON, MD 


The occurrence of electrical alternation of 0.1 mV 
or greater of the QRS or T wave was analyzed in 156 
electrocardiograms that showed wide QRS complex 
tachycardias from 91 patients. One hundred thirty- 
six ventricular tachycardias (VT) were recorded 
from 74 patients and 20 supraventricular tachy- 
cardias (SVT) from 17 patients. Alternans was 
present In 42 tracings (27%) from 35 patients 
(3896) and was equally frequent in the patients with 
VT (3996) and those with SVT (3596). Alternans 
occurred in 36 VTs (2796) and 6 SVTs (3096). 
Tachycardias with alternans had a shorter mean 
cycle length than tachycardias without alternans 


Electrical alternans of the QRS complex or T waves is 
an uncommon electrocardiographic phenomenon seen 
in a variety of clinical situations including supraven- 
tricular and ventricular tachycardias (SVT and V'T).1-2 
Green et al? reported on the incidence and relation of 
QRS alternans to the mechanism of narrow complex 
SVT. Similar information on wide complex tachycardia 
is not available. We therefore retrospectively analyzed 
electrocardiograms (ECGs) showing wide complex 
tachycardias to ascertain the incidence and electro- 
cardiographic characteristics of QRS and T-wave al- 
ternans in wide complex tachycardia, the relation of 
electrical alternans to morphology of the tachycardia, 
the relation to the mechanism of the tachycardia, and 
the mechanism of electrical alternans. 


Methods 


All 12-lead ECGs from the electrophysiologic laboratory 
files at the Hospital of the University of Pennsylvania from 
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(339 + 53 vs 368 + 85 ms, p <0.05), but were not 
associated with a particular QRS morphology or 
axis. Alternans was most frequent In leads V2 and 
V3 and was seen in more leads during SVT than VT 
(7.2 + 2.6 vs 3.7 + 2.5, p <0.005). All SVTs with 
alternans incorporated an atrioventricular bypass 
tract. Electrical alternans occurs frequently in wide 
QRS tachycardias. Alone, it does not help differen- 
tiate VT from SVT. SVTs utilizing bypass tracts fre- 
quently show alternans even if the QRS is wide, and 
this finding may be useful in determining the 
mechanism of SVTs with aberrant intraventricular 
conduction. (Am J Cardiol 1985;56:305-308) 


the preceding 2 years that showed a wide complex (more than 
120 ms) tachycardia (at least 100 beats/min) and had at least 
3 QRST complexes per lead were analyzed for electrical al- 
ternans of the QRS and T waves. Electrical alternans was 
considered present if a 0.1-mV difference in amplitude of al- 
ternate QRS or T' waves as determined by measuring from the 
onset of the complex to the peak of the complex was seen in 
all complexes in any electrocardiographic lead. In this manner 
random variations in electrical amplitude and variations re- 
sulting from respiration or baseline movement were elimi- 
nated. The individual and total number of electrocardio- 
graphic leads that showed alternans were recorded for each 
tachycardia, as were the cycle length and mechanism of 
tachycardia as determined by electrophysiologic study. The 
morphologic characteristics of each tachycardia were defined 
by the bundle branch block pattern present in lead V41? and 
the quadrant of the mean electrical axis in the frontal plane 
(e.g., left superior and right inferior). In patients with more 
than 1 tachycardia, a difference in bundle branch block 
morphology, the quadrant of the electrical axis in the frontal 
plane, or cycle length of 50 ms or longer was used to define 
different tachycardias. All ECGs were reviewed by 2 of the 
investigators who agreed on the presence or absence of elec- 
trical alternans. 

One hundred fifty-six ECGs from 91 patients met the cri- 
teria for inclusion into the study. V'T' was present in 136 ECGs 
(87%) from 74 patients (81%). SVT was present in 20 tracings 
(13%) from 17 patients (19%) (Table I). The mechanism of 17 
of the 20 SVTs was determined by electrophysiologic study 
to be circus movement tachycardia using the normal atrio- 
ventricular (AV) conducting system anterogradely and an AV 
bypass tract as the retrograde limb. In 3 patients atrial flutter 
was the mechanism of the tachycardia. 


“Na 
wave alternans is 


The mean number of electrocardiographic leads that 


showed electrical alternans (Table I). Thirty-six of 136 
showed alternans was 4.2 + 2.8. In the VT tracings, a 
mean of 3.7 + 2.5 leads were positive, which was sig- 


VTs (26%) and 6 of 20 SVTs (80%) showed alternans (p 
SV'T. In 6 of these, QRS alternans was also present. 
Only 1 tracing with only 3 QRS complexes per lead was 
considered positive for alternans. The mean cycle length 


of the 42 tachycardias that showed alternans was sig- 
85 ms, p <0.05). However, when analyzed separately the 


cycle length of SVTs with alternans and VTs with al- 
also present in this example. An example of QRS al- 
ternans during VT is shown in Figure 2. An example of 


alternans due to 2:1 ventriculoatrial (VÀ) conduction 
and superimposition of P waves on the end of the 


subtle changes in QRS morphology as well as amplitude, 
QRS complex during an episode of VT is shown in 


shown in Figure 1, top. Typically, there were associated 
as illustrated in Figure 1, bottom. T- 


length of the corresponding rhythms without alternans. 
The precordial leads showing alternans during SVT are 


cardias that did not show alternans (339 + 53 vs 368 + 
ternans were not significantly different from the cycle 


wave alternans was present in 7, 4 with VT and 3 with 
nificantly shorter than the mean cycle length of tachy- 


>0.05). QRS alternans was present in 41 tracings. T- 


Figure 3. 


With 
Alternans 


Tachycardias 


Total 


With 
Results 
Electrical alternans was present in tracings from 35 
patients (38%). In the VT group, 29 of 74 patients (39%) 


Alternans 
Overall, 42 tachycardias (27%) 


compared with 6 of 17 patients (35%) 


Patients ` 


3 


Total 
supraventricular tachycardia; VT = ventricular tachy- 


Statistical methods: The difference between means of 


different groups were compared using an unpaired, 2-tailed 
t test. Proportions between groups were analyzed using chi 


SVT 


cardía. 
square analysis. All comparisons with a p value «0.05 were 


. considered significant. 


showed alternans 


TABLE! General Characteristics 
- with SVT (p 20.05). 
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compared with 11 of the 36 VTs (p <0.01). 





) 





FIGURE 2. QRS alternans during ventricular tachycardia. Note the al- 


ternating amplitude of the peak of the R wave. Evidence of 2:1 ventric- 


SVT group (p <0.005). All 6 SVTs had 5 or more posi- 
uloatrial conduction Is shown (long arrows In V2). 


tive leads 


nificantly less than the 7.2 + 2.6 positive leads in the 
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nans. QRS alternans is present in all leads but V4 and Is most evident 


-° FIGURE 1. Top, orthodromic supraventricular tachycardia with alter- 
'" in V4 and Vs. T-wave alternans (thick arrows) is also present in ail leads 
." except V4 and V» and is most evident in V4 and Ve. Bottom, subtle 


FIGURE 3. Two-to-one ventriculoatrial conduction superimposes a P 
wave (arrows) on the end of every other QRS complex, providing 


"pseudo''-QRS alternans. 


changes in QRS morphology are present (thin arrows). T-wave alternans 


Is clearly evident. 


TABLE | Leads Positive for Alternans 





lead SVT VT Total Lead SVT VT Total 

| 1 4 5(%) V, 4 15 19(11%) 
i 2 11 137%) Vp 6 19 25(14%) 
ii 2 11 14(8%) Vs 5 20 25(14%) 
aR 3 3 6(35X) V, 6 16 22(129*) 
avl 2 4 6(3% Vs 4 12 16(9%) 
aVF 4 11 15(99*) Vg 4 8 12(7%) 
Total 14 44 58(33%) 29 90 119 (67%) 


X? = 4.6444; p 70.05. 
SVT = supraventricular tachycardia; VT = ventricular tachy- 


cagplia. 


Among ECGs with alternans, fewer than 5 positive leads 
had a sensitivity of 69% for detecting VT and a speci- 
ficity and predictive accuracy of 100%. However, be- 
cause the incidence of alternans was 27%, this feature 
would only help diagnose 1696 (25) of the tachycardias. 
Overall, alternans was twice as frequent in the precor- 
dial leads as in the limb leads (119 vs 58, p «0.001). 
Leads V5 and Va were the most frequently positive 
leads. Alternans was least often observed in leads 1, aVR 
and aVL. There was no difference in distribution of 
positive leads between those with VT and SVT (Table 
ID. There was also no significant difference in the 
number of positive leads vs morphology of the tachy- 
cardia. 

Alternans was not associated with any particular QRS 
morphology or frontal-plane axis in the tracings as a 
whole or when subgrouped into those showing V'T or 
SV'T. Of the 42 tachycardias with alternans, 20 had a left 
bundle branch block and 22 a right bundle branch block 
morphology. À left axis was present in 20, a right axis 
in 20 and an indeterminate axis in this plane in 2. Àn 
inferior axis was present in 15 and a superior axis in 27 
(all p 20.05) (Table III). 


Discussion 


Alternation of the amplitude of the QRS complex or 
T wave is infrequently seen and occurs in only a few 
clinical circumstances.!-9 The most readily recognized 
and understood is pericardial effusion, in which posi- 
tional changes in the heart underlie the electrical 
changes observed.1^1? Alternans in this setting implies 
a large, usually malignant effusion and a poor progno- 
sis.2 This phenomenon has also been recognized in both 
SVT and VT, but the mechanism and prognostic sig- 
nificance are unclear.^-? Green et al? reported a 22% 


incidence of QRS alternans in narrow-QRS SV'Ts. 
Circus movement tachycardia incorporating an atrio- 
ventricular bypass tract was present in 9296 of the 
tachycardias showing alternans and alternans was 
present in 38% of tachycardias using a bypass tract. 
They suggested, therefore, that this finding was a useful 
tool in determining the mechanism of narrow-QRS 
SV'Ts. 

In this study we report a similar incidence (2796) of 
electrical alternans in wide QRS tachycardias. Our in- 
cidence in patients with SV'T' and aberrant intraven- 
tricular conduction (30%) and tachycardias incorpo- 
rating a bypass tract (37%) are similar to those reported 
by Green. In addition, of the 6 wide-QRS SVTs with 
alternans, all incorporated a bypass tract. Our findings, 
therefore, support Green’s observation and extend it to 
patients with SV'Ts and wide QRS complexes. Some- 
what surprisingly, however, there was no difference in 
the incidence of electrical alternans between VT and 
SVT with aberrancy (26% vs 30%). Combined with the 
number of leads showing alternans, some discriminating 
power was added, but only in 16% of tachycardias. 
Therefore, electrical alternans is not very useful in 
distinguishing between VT and SVT with aberrancy. 

Several potential mechanisms exist for electrical al- 
ternans not associated with pericardial effusion. First, 
an alternating pattern of electrical activation resulting 
from fusion of 2 depolarization wavefronts could occur. 
An alternation of morphology and possibly cycle length, 
in addition to amplitude, may be seen. Although an al- 
ternating QRS morphology was common, an obvious 
alternation in cycle length was observed in only 1 trac- 
ing. We believe that the conditions required for stable 
alternating fusion during VT (an independent and 
fortuitously coupled atrial rhythm at exactly half the 
ventricular rate, 2:1 VA conduction with dual AV 
pathways or bigeminy) are rare and insufficient to ex- 
plain the high incidence of alternans. 

A more likely mechanism is alternating conduction 
delay or block in some portion of the His-Purkinje 
system or ventricular muscle leading to an alternating 
pattern of electrical activation.!: 2° The relation of QRS 
and ‘T-wave alternans to short cycle length,?? a finding 
confirmed by this study, and the simultaneous occur- 
rence of subtle changes in QRS morphology (Fig. 1) are 
consistent with this hypothesis. The lack of relationship 
to a specific QRS pattern of activation, however, argues 
against a specific site of block in the proximal special- 


TABLE lil QRS Morphology and Axis Versus Alternans 
| VT SVT 
| 
' Alternans No Alternans % (+) Alternans No Alternans % (+) 
RBBB 18 60 23 4 7 36 
LBBB 18 40 31 2 7 22 
i R axis 17 42 29 3 5 38 
L axis 17 52 25 3 8 27 
S axis 25 76 25 2 4 33 
| axis 11 24 31 4 9 31 
All p 70.05. 


| = inferior; L = left; LBBB = left bundle branch block; R = right; RBBB = right bundle branch block; 
S = superior; SVT = supraventricular tachycardla; VT = ventricular tachycardia; % + = prevalence of 


alternans for each morphology or axis. 
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i ized conduction system and suggests that if this mech- 


anism is operative, the 2:1 block must be local, either in 


' the distal His-Purkinje system or ventricular muscle. 


Alternation of action potential duration has been re- 
ported and provides a cellular basis for this theory. The 


' predominance of alternans in the precordial leads, 
` especially Vo and Vs, may be due in part to the greater 
-amplitude of the QRS in these leads. Additionally, 
: changes in the initial portion of the QRS in these leads . 
(Fig. 1B) suggest that alternations in septal depolar- 
= ization may be responsible for electrical alternans. 


©- Another minor mechanism evident in this study is 2:1 


.. VÀ conduction which superimposes a P wave on every ' 
. other QRS complex producing “pseudo”-electrical al- 


| ` ternans (Fig. 3). Alternatively, 2:1 VÀ conduction may 


' generate alternating ventricular volumes and produce 
electrical alternans via the Brody effect.? Arguing 
against a hemodynamic cause of alternans are obser- 
` vations in atrial fibrillation that show no relationship 


.. of QRS amplitude to stroke volume and the infrequent 


: occurrence of electrical alternans in pulsus alternans.! 
- We could definitely identify 2:1 VÀ conduction in only 


^ 4 cases of alternans. Several electrolytes and drugs have 


`> also been implicated in electrical alternans,' but we did 
. not examine these factors and cannot comment on their 


i contribution to our findings. 


Limitations: This study has several limitations. (1) 


It is retrospective. (2) Only ECGs showing at least 3 


/. complexes in each lead were included for analysis. Be- 


‘cause many ECGs in our laboratory are mounted for 


rapid interpretation and show only 2 complexes per 
lead, a selection bias may have existed. We did not in- 


-élude these tracings, because although alternans could 


‘be ruled out, it could not be confirmed and the study 

. Would therefore be biased toward excluding alternans. 
. (3) The number of SVT's is small and not representative 

` .of SVTs in general, although it may more adequately 
-represent SVTs with aberrant intraventricular con- . 


duction. Therefore, the role of alternans in differen- 


? tiating mechanisms of SVT with a wide QRS cannot be 


addressed. (4) Effects of left ventricular pathology, left 


- ventricular function, drugs and electrolytes were not 
, examined. 


In conclusion, electrical alternans is a common fea- 


ture of wide QRS tachycardias. It is most frequently 


observed in the precordial leads and occurs in more 


leads in patients with SVT and aberrancy than in pa- : 


tients with V'T. It is not associated with a particular 
QRS morphology or frontal-plane axis. Electrical al- 


ternans is frequent in SVTs incorporating a bypass tract > 


even if the QRS is wide. Alone, it does not help to dif- 
ferentiate between VT and SVT, but in combination 
with the number of leads showing alternans may pro- 
vide some clue to the origin of the arrhythmia. Tachy- 
cardias with alternans have a shorter mean cycle length 
than tachycardias not demonstrating this phenomenon 
and often show subtle changes in QRS morphology. 
These findings are compatible with the hypothesis that 
electrical alternans is secondary to a 2:1 block in acti- 
vation of some portion of the ventricles. 
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Programmed Electrical Stimulation and Long-Term 


Follow-Up in Asymptomatic, Nonsustained 


Ventricular Tachycardia 


ENRICO P. VELTRI, 


MD, EDWARD V. PLATIA, MD, LAWRENCE S.C. GRIFFITH, MD, 


| and PHILIP R. REID, MD 


Thirty-three patients with ventricular tachycardia 
(VT) (3 or more beats, less than 30 seconds In du- 
ration, rate more than 100 per minute) on 24-hour 
Holter monitoring and no history of clinical ar- 
rhythmia (presyncope, syncope or sudden death) 
were studied using programmed electrical stlmu- 
lation (PES). PES Induced VT in 14 patients (42%), 
sustained VT in 7 (21%) and nonsustained VT in 7 
(21 96). Inducible VT was associated with underlying 
heart disease In 9 of 19 patients with coronary artery 
disease, 3 of 6 patients with idiopathic dilated car- 
diomyopathy and 2 of 4 patients with mitral valve 
prolapse. Patlents without structural heart disease 
did not have Inducible VT. Ejection fraction (EF) was 
not significantly different In patients with or without 
inducible VT. Twenty-three patients were dis- 
charged with drug therapy and 10 patients without 
therapy. At 23 + 16 months (mean + standard do- 


The role of electrophysiologic studies in the evaluation 
and therapy of patients with sustained ventricular 
tachycardia (VT)12 or out-of-hospital cardiac arrest 
from ventricular fibrillation? is well known. Pro- 
grammed electrical stimulation (PES) in patients with 
spontaneous symptomatic sustained V'T has been 
shown to reproducibly initiate the clinical arrhythmia 
in 71 to 91% of patients.+© Earlier studies revealed a 
somewhat lower incidence of VT induction.” In pa- 
tients with spontaneous nonsustained VT, VT induc- 
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viatlon) follow-up, 28 patlents (8596) were allve, 4 
(1296) had died from a cardiac cause (EF 49 + 
1796 vs 28 + 2096, p <0.03). Another patlent died 
from cerebrovascular accident. Twenty-six patlents 
(79%) were free of clinical arrhythmia and 7 pa- 
tients (2196) had arrhythmic events (EF 49 + 18% 
vs 31 + 1796, p <0.04). Two of 8 patients with 
noninducible VT who were discharged without drug 
treatment had clinical arrhythmic events and neither 
of 2 patlents with inducible VT discharged off drugs 
had such events. Thus, in asymptomatic, nonsus- 
tained VT, underlying heart disease makes Inducible 
VT more likely, an Incidence of progression to clin- 
ical arrhythmlc events is apparent and EF appears 
predictive of subsequent cardiac death and clinical 
arrhythmic events but not ability to induce VT. 


(Am J Cardlol 1985;56:309-314) 


tion by PES has been reported to be 0 to 6396,5779.10 
However, the latter studies included patients with 
histories of symptomatic VT (presyncope, syncope or 
sudden cardiac death) and, thus, results of PES in truly 
asymptomatic patients with nonsustained VT remain 
poorly defined. We report our experience with PES 
testing in such patients, with emphasis on the ability to 
induce VT, relation to underlying heart disease and 
subsequent long-term clinical outcome. 


Methods 


Patients: Thirty-three consecutive patients were referred 
to the Arrhythmia Service because of asymptomatic, non- 
sustained VT (3 or more beats, leas than 30 seconds in dura- 
tion, rate more than 100/minute) noted on 24-hour Holter 
monitoring. Episodes of VT were recorded in the absence of 
acute or recent (less than 3 weeks) myocardial infarction, 
acid-base or electrolyte imbalance, drug toxicity or antiar- 
rhythmic drugs (excluding digoxin or B blockers). Patients had 


' no history of sudden cardiac death (cardiac arrest requiring 


cardiopulmonary resuscitation or cardioversion from sus- 


~ tained VT or ventricular fibrillation), syncope or presyn- 


" cope. 


ga rt NE ey 


Underlying cardiac disease was defined by cardiac cathe- 


' terization, echocardiography and radionuclide imaging. 
. Coronary artery disease (defined as at least 70% coronary 
. artery narrowing) was present in 19 patients, idiopathic di- 
lated cardiomyopathy (defined as diffuse left ventricular 


hypokinesia with ejection fraction [EF] of 4096 or léss) in 6 
patients, mitral valve prolapse in 4 pátients and no structural 


. cardiac disease in 4 patients. The mean EF was 45 + 19% 
(range 17 to 8496) calculated from left ventriculography at 


" cardiac catheterization in 26 patients. Seven patients had 
, radionuclide estimates of global left ventricular function. 


Patients had failed 3 + 2 (range 0 to 4) previous anti- 


S arrhythmic agents (with therapeutic drug levels) based on 
|; continued nonsustained VT on 24-hour Holter monitoring or 


+ due to intolerable adverse effects from drugs. 


: 'Twenty-four-hour Holter monitoring (Avionics, model 
445B) was performed using dual-channel recordings (V, and 
Vs). All antiarrhythmic agents (other than digoxin and f 
blockers) were discontinued at least 48 hours before baseline 


‘Holter monitoring. The magentic tapes were analyzed using 


. ‘the model 660 Dynamic Electrocardio-Scanner® (Del Mar 
; Avionics), All tapes were reviewed by at least 2 of the inves- 
` tigators and VT was defined as 3 or more repetitive ventricular 


x 


` beats at a rate greater than 100 per minute. All patients had 
"nonsustained VT documented. There were rio episodes of 


dizziness or syncope associated with nonsustained VT. Pa- 


. tients discharged on antiarrhythmic drug therapy had repeat 


24-hour Holter monitoring performed while taking the drug 


a before discharge. 


^ Electrophysiologic study: Control electrophysiologic 


l study was performed in all patients after all antiarrhythmic 


agents (other than digoxin and D blockers) were discontinued 


. for at least 48 hours. Eighteen patients had repeat studies on 


specific antiarrhythmic agents; 10 patients who were dis- 


.charged with specific antiarrhythmic drug therapy had elec- 


trophysiologic study during treatment with the discharge 


. Electrophysiologic studies were performed in the postab- 
sorptive, nonsedated state after the patient gave informed 
consent. Standard quadripolar electrode catheters were in- 
serted through the femoral, brachial or subclavian vein; the 


`. right femoral artery was cannulated for hemodynamic mon- 


itoring and for left ventricular stimulation, Programmed 


~ ventricular stimulation was performed using a digital stimu- 


' . lator that delivers rectangular pulses at 1 ms duration at 


2 times diastolic threshold. Surface leads 1, aVF, Vj 
and Vs and intracardiac electrograms were simultaneously 
displayed on an oscillographic recorder (Electronics for 


'" Medicine VR-16). Analog data were displayed on a spray ink 


recorder (Mingograf) for real-time analysis at paper speeds 
of 25, 50 and 100 mm/s and stored on magnetic tape. Pro- 


` grammed stimulation was performed using single and double 


extrastimuli at 3 basic ventricular pacing cycles (600, 500 and 
450 ms), followed by rapid ventricular decremental burst 
pacing (10 consecutive beats at decreasing cycle lengths until 
2:1 pacing noncapture). PES was performed in at least 2 right 
ventricular sites (apex and outflow tract) in all patients and, 


, if sustained VT was not induced, 2 left ventricular sites in 24 


patients. In patients with inducible VT, serial drug testing was 


. attempted to suppress inducible VT. 


. Definitions: Nonsustained VT: At least 3 spontaneous 


.. : beats, less than 30 seconds duration, at a rate greater than 100 
per minute on Holter monitoring; at least 3 reproducible (2 


of 3 attempts) repetitive ventricular beats that terminated 
spontaneously within 30 seconds during PES. 


Sustained VT: VT lasting at least 30 seconds or requiring 
termination by ventricular overdrive pacing or external car- 
dioversion dué to hemodynamic compromise or degeneration 
into ventricular fibrillation. 

Noninducible VT: Inability to induce VT at all sites 
tested. 

Effective therapy: Discharge drug therapy that suppressed 
inducible VT (or maintained a noninducible VT state) and 
abolished spontaneous V'T on discharge 24-hour Holter 
monitoring. 

Ineffective/unknown efficacy: Discharge drug therapy that 
either did not suppress inducible VT or was not tested ey 
PES. 

Clinical arrhythmia: Sudden death (unheralded death 
within 1 hour of onset of symptoms in the absence of acute 
myocardial infarction) or sustained VT with syncope or pre- 
syncope (lightheadedness accompanying VT) after discharge 
from hospital. 

Statistical analysis: Values are mean + standard devia- 
tion. Data were tested for significance by paired and unpaired 
Student t test; p «0.05 was accepted as the limit of signifi- 
cance. 


Results 


Programmed electrical stimulation: At control 
electrophysiologic study V'T was induced in 14 patients 


(42%), sustained VT in 7 (21%) and nonsustained VT 


(3 to 18 beats) in 7 (21%). The morphologic character- 
istics (bundle branch pattern, cycle length) of the VT 
were similar to the spontaneous VT in all but 3 patients. 
Twelve patients had VT induced in the right ventricle 
and 2 patients required left ventricular stimulation to 
induce VT. The induced VT cycle length was 278 + 53 
ms (range 160 to 345). 

VT was induced in 9 of 19 patients with coronary 
artery disease, 3 of 6 with cardiomyopathy and 2 of 4 
with mitral valve prolapse. Sustained VT was induced 
in 5 patients with coronary artery disease, 1 patient with 
cardiomyopathy and 1 patient with mitral valve pro- 
lapse. Three of 7 patients with inducible sustained VT 
also had nonsustained VT induced, but are analyzed 
only as patients with inducible sustained VT. All pa- 
tients without structural heart disease had noninducible 
VT. 

EF was not significantly different in patients with and 
without inducible VT (42 + 14% vs 46 + 21%). Similarly, 
there was no significant difference in EF in patients 
with inducible sustained VT compared to inducible 
nonsustained VT (41 + 15% vs 44 + 14%). — 

Figures 1 and 2 depict the frequency of VT runs and 
maximum number of ventricular complexes noted on 
baseline 24-hour Holter monitoring and results of PES 
in each frequency distribution. 

VT suppression: Drug suppression of inducible VT 
was attempted in 12 of 14 patients with inducible VT. 
This was successful in 3 patients (2 sustained, 1 non- 
sustained VT) after 2 + 1 drug trials. 

Patient discharge status: Of 23 patients discharged 
with drug therapy, 12 patients had inducible VT at 
control study. Three of these 12 patients were dis- 
charged on drugs that had suppressed VT induction and 
9 patients were discharged on drugs with continued 
inducible VT (4 patients) or drugs with unknown effi- 
cacy (5 patients). Eleven patients discharged-on drug 
therapy had noninducible VT at control study. Three 
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hts 1. Distribution of maximal runs of spontaneous nonsustalned 
cular tachycardla (VT) on baseline 24-hour Holter monitoring In 

relation to results of programmed electrical stimulation. There Is no 

correlation of the Inducibllity of VT to the number of maximal runs. 


i 
| 

of these patients had noninducible VT status main- 

tained at PES testing and spontaneous VT abolished 

on discharge drug and 8 patients were discharged on 

drugs with unknown efficacy. 

Qf the 10 patients discharged off drugs, 8 had non- 
inducible VT and 2 had inducible VT (3 and 4 beats) at 
control study. 

Clinical outcome: At 23 + 16 months follow-up 
(range 1 to 79), 28 patients (85%) were alive; 4 (12%) died 
from cardiac causes (3 suddenly and 1 refractory heart 
failure). One patient died from a cerebrovascular acci- 
dent at 1 month. The EF in patients who died from 
cardiac causes was significantly lower than in patients 
who survived (28 + 20% vs 49 + 17%, p <0.03). 

Twenty- six patients (79%) were free of clinical ar- 
rhythmia and 7 patients (21%) had experienced clinical 
arrhythmia. There were 3 episodes of sudden death, 1 
episode of syncope and 3 episodes of presyncope. The 
EF in patients with clinical arrhythmic events was sig- 
nificantly lower than that in patients without events (31 
+ 17% vs 49 + 18%, p <0.04). 

Cardiac death and clinical arrhythmia were noted 
exclusively in patients with underlying coronary artery 
disease or cardiomyopathy. Two patients with cardio- 
myopathy and 1 patient with coronary artery disease 
died suddenly. Table I summarizes clinical outcome 
with regard to underlying heart disease. 

Figure 3 depicts the clinical outcome of patients with 
regard to results of programmed stimulation and 24- 
hour Holter monitoring at time of discharge. Of 19 pa- 


| 
| 
TABLE I 


Clinical Outcome in Relation to Underlying 
Cardlac Pathology 
| No. of Arrhythmic 
Condition Pts Cardiac Death Event 
CAD 19 2 4 
IDC 6 2 3 
MVP 4 0 0 
NSD 4 0 0 


CAD = coronary artery disease; IDC = idiopathic dilated cardlo- 
myopathy; MVP = mitral valve prolapse; NSD = no structural heart 
disease. 
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FIGURE 2. Distribution of maximum number of ventricular complexes 
during nonsustained ventricular tachycardia (VT) on baseline 24-hour 
Holter monitoring in relation to results of programmed electrical stim- 
ulation. There is no correlatlon of the Inducibility of VT to the maximal 
number of complexes. 


tients with noninducible VT at control study, 4 (21%) 
had a subsequent clinical arrhythmic event. Similarly, 
3 of 14 patients (21%) with inducible VT at control 
study had arrhythmic events. Of 11 patients with non- 
inducible VT at both control study and discharge (with 
or without drug therapy), 3 patients (2796) had ar- 
rhythmic events. Similarly, 2 of 6 patients with induc- 
ible VT at both control study and discharge (with or 
without drug therapy) had arrhythmic events. Two of 
8 patients with noninducible VT discharged off drugs 
had clinical arrhythmic events and neither of 2 patients 
with inducible VT discharged off drugs had arrhythmic 
events. 

Two of 7 patients with inducible sustained VT at 
control study were discharged on effective drug therapy 
and were free of clinical arrhythmic events. One of the 
remaining 5 patients discharged with an ineffective/ 
unknown efficacy drug had a subsequent arrhythmic 
event. 


"E iili cad 
— (9) 
Wo noo TNERAPY — 
VYFECTIVE 3 (3) 303) 
DMETYRCTIVE JUKA 50) ^ (&) 
CAL c Dp 3 g 
CLINICAL AKKEYTEMI t 1 iG} 1G) 


FIGURE 3. Clinical outcome of patients relative to programmed elec- 
trical stimulation, discharge 24-hour Holter monitoring results and 
discharge drug status. Numbers In represent patients with 
nonsustained ventricular tachycardia suppresesion on 24-hour Holter 
monitoring. 


Comparison of Programmed Electrical Stimulation Studies In Nonsustained _ 


TABLE il 
Ventricular Tachycardia in Relation to Underlying Heart Disease 
CAD IDC l MVP NSD 
aoe al? 30% * (79%) 19% (33%) 21% (3996) 30% (3296) 
Buxton et al’? 40% (7596) 18% (33%) 10% (50%) 29% (29%) 
present study 58% (47%) 18% (50%) 12% (50%) 12% (0%) 


* Percent of total patients; T percent of patients with Inducible VT. 


CAD = 
NSD = o erica heart 


Discussion 


We have reported our experience in & consecutive 


series of patients with asymptomatic, nonsustained V'T 


referred for electrophysiologic study. The results indi- 


. eate that (1) PES can induce VT in 4296 and sustained 


VT in 21% of patients, (2) underlying heart disease 
makes inducible V'T more likely, (3) an incidence of 
progression (2195) to clinical arrhythmic events, in- 


‘cluding sudden death (9%), is apparent at approxi- 
‘mately 2-year mean follow-up, and (4) although EF 


appears predictive of subsequent cardiac death and 
clinical arrhythmia but not of the ability to induce VT, 


the results of PES did not correlate well to later clinical 


arrhythmic events.  — 
Nonsustained ventricular tachycardia: preva- 


' lence in previous studies: Previous studies using 
- continuous ambulatory electrocardiographic monitoring 


have revealed a VT incidence of 0 to 6% in patients 
without cardiac disease,!!~16 13% in patients with var- 


" ious cardiac disorders!^18 and 1 to 19% in late postin- 
. farction patients.!1?-74 Even in patients with cardiac 
- disease, nonsustained VT documented during Holter 


monitoring is usually asymptomatic.*® Although this 
arouses great concern in clinicians and is considered by 
many a harbinger of sudden death, there is a paucity of 
knowledge regarding the need for electrophysiologic 


. study or antiarrhythmic therapy. 


Programmed stimulation in nonsustained ven- 
tricular tachycardia: The ability of PES to induce VT 
in patients with nonsustained VT is considerably less 
than that in patients with histories of sustained 
VT.5,7,9,10 In our series 42% of patients had VT induced. 
This is less than the 56 to 6396 reported by most previous 


. Studies,5919 although somewhat more than the 34% 


reported in another study.? Differences in patient 
populations, stimulation protocols and definitions of 
inducible V'T could account for discrepancies. Naccarelli 


. et al? reported 34% in patients with nonsustained VT 
` in the absence of coronary artery disease; however, if one 


includes patients with coronary artery disease and 


= history of nonsustained VT in their series, the overall 


VT induction was 48%. If one excludes patients re- 
quiring isoproterenol to facilitate VT induction in the 
study by Buxton et al,!° the overall VT induction was 


51%. Nonetheless, it would be fair to say that overall VT 


induction in patients with asymptomatic, nonsustained 


"^ VT is markedly less than in patients with clinical sus- 


coronary artery disease; IDC = idiopathic dilated cardiomyopathy; MVP = mitral valve prolapse; 


tained VT and somewhat less than in patients with 
symptomatic, nonsustained VT. 

Sustained VT was induced in 21% of our patients, 
which is in agreement with the 18% noted by Buxton et 
al.19 Naccarelli et al? found no sustained VT induced in 
their series of patients, although the incidence of sus- 
tained VT induction in patients with coronary artery 
disease was not reported. 

In the present study, PES-induced VT morphologies 
were similar to the spontaneous V'T in 7996 of patients. 
This degree of reproducibility concurs with previous 
electrophysiologic studies of nonsustained V'T.9:9 T eft 
ventricular stimulation was required to induce VT in 
only 14% of patients tested. This is similar to the 10% 
incidence of left ventricular stimulation required to 
induce VT in parents with symptomatic, sustained 
V'T.5,26 

Table Is summarizes the results of PES relative to 
underlying heart disease in the present study compared 
with other reported studies. Although the degree of VT 
induction in cardiomyopathy and mitral valve prolapse 
patients is similar, significantly fewer patients with 
coronary artery disease had inducible VT in our series. 
We observed.no patient with a structurally normal heart 
to have inducible VT. Whether such differences could 
be ascribed to inherent differences in asymptomatic 
and symptomatic nonsustained VT patients would 
require further subset analysis of previously reported 
data. Only 64% of the patients with coronary artery 
disease and 33% of the patients with no heart disease 
in the series reported by Buxton et al!? were asymp- 
tomatic. 

Clinical outcome and implications: In this patient 
population a 21% incidence of progression to symp- 
tomatic arrhythmic events is reported over almost a 
2-year mean follow-up. There was a 9% incidence of 
sudden death; this concurs with the 12% 3-year sudden 
death incidence in the population studied by Buxton 
et al.*” Follansbee et al” reported a 17% per year inci- 
dence of sudden cardiac déath in 37 patients with 
asymptomatic, nonsustained VT noted on ambulatory 
Holter monitoring. In the latter study the highest risk 
occurred in patients with a diagnosis of congestive 
cardiomyopathy or history of congestive heart failure. 
In our study 2 of 6 patients with cardiomyopathy suf- 
fered sudden death. 

Previous studies have documented the relation of left 
ventricular dysfunction to the overall prognosis in pa- 


tients with sustained ventricular tachyarrhythmias,” 
nonsustained VT?’ or high-grade ventricular ectopy.?? 
Buxton et al?’ noted that an EF <40% was the most 
powerful predictor of risk for sudden cardiac death in 
a group of patients with nonsustained VT. Gomes et al30 
noted similar findings for cardiac death and sudden 
death in patients with high-grade ventricular ectopy, 
half of whom had nonsustained VT without histories of 
previous sudden cardiac death or syncope. In our series 
patients with clinical arrhythmia or cardiac death had 
significantly poorer overall left ventricular function 
compared to patients without arrhythmia or cardiac 
death. Contrary to the findings of Gomes et al,?9? how- 
ever, EF was not significantly different in patients with 
and without inducible VT. 

It has been suggested that PES may be useful in de- 
fining patients with nonsustained VT or high-grade 
ventricular ectopy at high risk for sudden cardiac 
death.^^*9? Buxton et al?” reported the presence of in- 
ducible sustained V'T as an independent risk factor for 
sudden death in patients with coronary artery disease. 
Gomes et al3? reported a significantly higher incidence 
of sudden death or clinical sustained VT in patients 
with inducible VT. Our study revealed that there were 
no sudden deaths in 5 patients with coronary artery 
disease and inducible sustained VT, and that there was 
an equal distribution of clinical arrhythmic events in 
patients with inducible and noninducible VT. The re- 
sults and discrepancies of these studies must be viewed 
with caution, however. First, the number of patients is 
relatively small; second, differences in patient popula- 
tions and stimulation protocols exist; and third, no 
study has had a control group with inducible arrhyth- 
mias. Patients found to have inducible ventricular ar- 
rhythmias have undergone electrophysiologic guided 
or empiric antiarrhythmic drug therapy; thus, outcome 
analysis in such patients is subject to criticism. None- 
theless, of the 10 patients discharged with no drug 
therapy in our series, 2 had clinical arrhythmic events 
(sudden death and sustained VT with syncope) and 
both had noninducible V'T. Conversely, both patients 
with inducible nonsustained VT were free of clinical 
arrhythmia. Thus, although we believe no conclusion 
can be drawn as to the predictability of PES and effec- 
tiveness of drug therapy on outcome in treated patients, 
apparently baseline PES results in untreated patients 
may not be highly predictive of long-term outcome. 
Conclusive information in asymptomatic, nonsustained 
VT can only be achieved with a larger, prospective, 
controlled study. 

Limitations of study: Our results are for a select 
ambulatory population referred for electrophysiologic 
ev uation. Empiric conventional antiarrhythmic reg- 

ens had failed in many patients. Patients without 
meum attempt or with successful suppression of 
spontaneous V'T may represent a different subset of 
patients with asymptomatic, nonsustained V'T. Simi- 
larly, our findings cannot be extrapolated to patients 
recovering from recent acute myocardial infarction. 
Such patients with nonsustained VT, even though 
asymptomatic, may be a high-risk population.?2?4 Thus, 


our results cannot be extended to all patients with 
asymptomatic, nonsustained VT. 

Although our stimulation protocol is similar to pre- 
viously reported studies, our definition of induced VT 
(at least 3 beats) is lower than that used by many others. 
The significance of a given number of induced ventric- 
ular complexes short of sustained VT is controversial, 
however, even in patients with histories of sustained VT 
or out-of-hospital cardiac arrests. 

Finally, our study is a retrospective analysis in a small 
group of patients and was not designed to control for 
specific antiarrhythmic or other related therapy (in- 
cluding heart failure and ischemia). The study did not 
include a control group and therapy was certainly not 
randomized. Thus, the prognostic implications of such 
results must be confirmed in large, controlled, pro- 
spective studies. 
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SYSTEMIC HYPERTENSION 


Single and Combined Therapy for Systemic Hypertension 
- with Propranolol, Hydralazine and Hydrochlorothiazide: 
Hemodynamic and Neuroendocrine Mechanisms of Action 


JULIA. MULVIHILL-WILSON, MD, F. ANDREW GAFFNEY, MD, WILLIAM W. NEAL, MD, 
ROBERT M. GRAHAM, MD, WILLIAM A. PETTINGER, MD, and 
C. GUNNAR BLOMQVIST, MD 


The antihypertensive mechanisms of single and 
combined therapy with a G-adrenergic antagonist 
(propranolol) and a vasodilator (hydralazine) were 
Investigated In 9 patients with moderately severe 
hypertension, who were. recelving malntenance 
diuretic (hydrochlorothiazide) treatment. Hemo- 
dynamic and neuroendocrine responses were de- 
termined at rest and during lower body negative 
pressure, and dynamic and static exercise stress 
after the chronic administration of propranolol and 
hydralazine, given alone or in combination. All 3 drug 
regimens, each administered for at least 10 weeks, 
reduced blood pressure (p <0.05) compared with 
diuretic-only therapy in patients at rest, In both the 
supine and standing position, and during lower body 
negative pressure and dynamic exercise. There was 
a significant additive antlhypertensive effect when 
propranolol and hydralazine were combined. Only 
combination therapy effectively lowered pressure 
during static exercise. The regimens produced di- 
vergent effects on the suplne cardiac output: a de- 
crease with propranolol (p <0.05), no change with 
combination therapy and an increase with hydral- 


le combination of a vasodilator, a 8 blocker and a di- 
uretic drug is effective in the treatment of hyperten- 
sion. 1,2 Hydralazine, a direct-acting vasodilator,’ re- 
duces total peripheral resistance and reflexly increases 
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azine (p <0.05). Both hydralazine and combination 
therapy significantly reduced supine total peripheral 
resistance (p <0.05), whereas propranolol produced 
no change. Ail 3 drug treatments significantly re- 
duced total peripheral resistance during upright rest 
and dynamic exercise (p <0.05), without changing 
cardiac output or maximal exercise capacity. During 
exercise, cardiac output was maintalned In patients 
treated with propranolol and In those treated with 
combined therapy by Increases in stroke volume (p 
<0.05). Despite lower blood pressure, plasma 
norepinephrine concentrations were unchanged, 
although plasma renin activity decreased with 
opranolol and combination therapy. These findings 
Indicate that propranolol’s predominant antlhyper- 
tensive mechanism In patients treated with dluretlc 
drugs is a reduction in cardiac output In the supine 
position and a reduction in total peripheral reslis- 
tance in the upright position. The propranolol-hy- 
dralazine combination effectively lowered blood 
pressure during static exercise without affecting 

exercise capacity or orthostatic tolerance. 
(Am J Cardiol 1985;56:3 15-320) 


cardiac output.‘ Propranolol, a nonselective 6-adren- 
ergic antagonist, has complex hemodynamic effects that 
are the subject of controversy. At low doses, a decrease 
in cardiac output®® appears to be a more important 
antihypertensive mechanism than a decrease in vaso- 
constrictor tone as a result of suppression of renin re- 
leage.—-? Several groups reported that 8 blockade, with 
higher doses or with chronic therapy, decreases total 
peripheral resistance? by an action independent of its 
effects on the kidney and the heart,!!:!* whereas other 
investigators have found no change or an increase in 
peripheral resistance.‘*!® Propranolol prevents the 
compensatory tachycardia associated with vasodilator 


TABLE! Schedule of Total Dally Dosages 


ah : Propranolol Hydralazine 
5,7. Level (mg) (mg) 
A 80 50 
B 160 50 
C 160 100 
D 240 100 
E 320 100 
OF 


320 200 


. therapy! and enhances the antihypertensive effects of 
i p the combination of a diuretic drug and hydralazine.?:1? 
"However, the hemodynamic and neuroendocrine 
„changes caused by this combination of vasodilator, 8 
. blocker and diuretic drug have not been fully charac- 

terized, particularly not during orthostatic stress or 
. exercise. To investigate the effects of propranolol, hy- 
dralazine or combined therapy in patients receiving 
maintenance diuretic treatment, we evaluated the he- 
-modynamic and neuroendocrine responses to these 
- therapies at rest, during orthostatic stress (lower body 

„negative pressure [LBNP]) and during dynamic and 
" Static exercise. 


Methods 


"Patients: Nine patients (8 men, 1 woman), mean age 50 + 

2 years (range 43 to 55), with moderate to severe essential 
l hypertension participated in this study. Selection criteria were 

. (1) an average diastolic pressure of 115 to 129 mm Hg on 3 

', Separate occasions in both supine and standing positions while 


. taking hydrochlorothiazide (100 mg/day), (2) absence of - 


- clinically apparent coronary artery disease, cerebral vascular 
disease, congestive heart failure, diabetes mellitus or renal 


- dysfunction, and (3) absence of known causes of secondary - 


"hypertension. These conditions were excluded by a history 
‘and physical examination, chest x-ray, a plain film of the 
abdomen, electrocardiogram, urinalysis, biochemistry profile 
(including serum creatinine of 1.5 mg% or less), blood count, 


, urine metanephrine estimation, and where indicated, a hy-: 


pertensive intravenous pyelogram and renal arteriogram. 
. . Study design: The study consisted of 4 periods: a pla- 
. cebo-controlled, a dose-finding, a double-blind and a crossover 
__ phase. During the initial 3-week control period, patients re- 
ceived hydrochlorothiazide, 100 mg/day, and a placebo. Data 
: gathered from this phase were used as baseline values. If the 
diastolic blood pressure remained within the range of 115 to 
- .129 mm Hg during this “diuretic-only” phase, patients entered 
a dose-finding period and received combinations of pro- 
pranolol and hydralazine according to a schedule of total daily 
du (administered twice daily) (Table I). 

Patients were begun at level A and advanced at weekly in- 
tervals until their diastolic blood pressure decreased more 
. than 20 mm Hg or became less than 90 mm Hg. This dose- 
. finding period lasted from 9 to 18 weeks. During the double- 
blinded phase, patients were randomly allocated to receive 
' either propranolol alone or hydralazine alone in the same 
doses established during the dose-finding period. Patients 
. were seen every 2 weeks during this 10-week period and then 
pe entered the final 10-week crossover phase of the study. 

- ^ At each visit, blood pressures and heart rates were recorded 
in the supine and upright position after 8 and 2 minutes of 
rest, respectively. Duplicate measures were obtained after 
. additional 8- and 2-minute rest periods. Blood samples for 
plasma ‘catecholamine concentrations! and plasma renin 


- activity’? were obtained in both supine (30 minutes) and up- 


] ud E minutes) positions. ' 
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FIGURE 1. Hemodynamic and plasma norepinephrine (PNE) responses 
to lower body negative pressure. Values are mean + standard error 
of the mean. Asterisks denote value significantly different from supine 
rest control. CO = cardiac output; FBF = forearm blood flow; HR = 
heart rate; MAP = mean arterial pressure; SV = stroke volume; TPR 
= total peripheral resistance. 


Hemodynamic techniques: At the end of each therapy 
period, hemodynamic and neuroendocrine studies were per- 


formed using methods and procedures detailed previousły.20 


Briefly, indirect arterial blood pressure was determined with 
a semiautomatic system that records. simultaneous cuff 
pressure and Korotkoff sounds. An electrocardiogram (Frank 
orthogonal x, y and z leads) was recorded and displayed while 
beat-to-beat heart rate was displayed digitally (Quinton 
Cardiotachometer, model 611). Cardiac output was deter- 
mined by an acetylene rebreathing technique as described 
previously.?! In the previous study,?! simultaneous compar- 
ison with the indocyanine green dye-dilution technique over 
a range of 5 to 19 liters/min revealed no systematic error (r — 
0.93) and a coefficient of variation of 4.3%. Forearm blood flow 
was measured by venous occlusion plethysmography.22 
Hemodynamie interventions: LBNP, dynamic bicycle 
exercise and static handgrip responses were studied to provide 


~ a wide range of physiologie stimuli comparable D aca 


( 


FIGURE 2. Hemodynamic responses to 5 minutes of static 
eee exercise. Abbreviations as in Figure 1. 


CO 
l/min 
400 
SV 
ml/beat 50 


TPR 


dyne - sec-cm^5 41000 


encountered by hypertensive patients in their normal daily 
activities. The methods and cardiovascular effects of LBNP, 
a stress similar in intensity to that of 60? head-up tilt, are 
reviewed elsewhere. Dynamic exercise was performed on a 
mechanically braked bicycle ergometer (Monark). The test 
consisted of 3-minute stages of graded exercise performed to 
a symptom-limited maximal level. Previously determined 
intermediate and maximal workloads were kept constant for 
each patient during the study. 

Static handgrip exercise was carried out by the patient in 
the supine position with a spring-loaded handgrip dyna- 
mometer. Maximal handgrip force was determined as the best 
of 3 maximal efforts with 1 minute of rest between each trial. 
Patients maintained a 2596 maximal voluntary contraction for 
5 minutes. 

Hemodynamic protocol: Each study was done once each 
morning on 2 consecutive days at the end of each therapy 
period. Results are the average of the 2 determinations. Pa- 
tients were familiarized with the laboratory procedures before 
the study to minimize any influence of psychologic stress. A 
30-minute stabilization period after insertion of a heparin lock 
provided & basal, supine resting state. Lower body negative 
pressure was performed according to a NASA protocol?? at 
levels of —8, —16, —32 and —40 mm Hg with measurements 
of blood pressure and heart rate recorded at each level. Car- 
diac output, forearm blood flow and blood samples were ob- 
tained at —16 and at —40 mm Hg. 

At least 30 minutes after LBNP, cardiac output, blood 
pressure and heart rate were recorded with the patient on the 
bicycle ergometer at rest and at intermediate and maximal 
workloads. After another 30 minutes of rest in the supine 
position, the patient performed static exercise. Heart rate was 
recorded continuously and blood pressure was recorded at 
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1-minute intervals. Cardiac output, plasma catecholamin: 
concentration and plasma renin activity were determinec 
immediately before and after the 5 minutes of sustainec 
handgrip. 

Statistical analysis: Data were analyzed with a Statistica 
Analysis Systems program. Values are reported as mean 4 
standard error of the mean. Although not shown in the figures 
supine values at rest before LBNP and before static exercisi 
were both included in the analysis of variance to determin: 
difference at rest between diuretic-only treatment and ther 
apy with hydralazine or propranolol. A repeated measure: 
analysis of variance was used to test for differences. 


Results 


All 9 patients completed the placebo-diuretic an« 
combination-diuretic phases. One of the 9 patient 
failed to complete the propranolol period because hi 
work schedule prevented continuation. Five patient 
completed the hydralazine period, 2 dropped out be 
cause of intolerable tachycardia and palpitations an 
2 dropped out for personal reasons. The mean dos 
reached in the combination propranolol-hydralazin 
phase was 307 + 30 mg/day (range 160 to 320) and 16 
+ 47 mg/day (range 100 to 200), respectively. A bloox 
pressure of less than 140/90 mm Hg occurred in all bu 
1 patient with each therapy. 

Hemodynamic results: Overall, combination ther 
apy lowered mean arterial pressure more than eithe 
propranolol or hydralazine administered separately 
although the differences were small. There were sig 
nificant differences in hemodynamic profiles dependin; 







PLACEBO 
Bj COMBINATION 
150 EJ PROPRANOLOL 
; HYDRALAZINE 
HR G 
100 





Sitting Submaximal 
Rest Exercise 


' FIGURE 3. Hemodynamic responses to dynamic bicycle exercise. 
' Abbreviations as in Figure 1. 


-on abot the type of intervention used as well as wheiker 
. patients were tested in supine or upright positions. For 
this reason, results from the various test situations are 
presented separately. 
.," Rest—supine and upright: In the supine position 
(Fig. 1 and 2, control values) both propranolol-hydral- 
 azine and hydralazine alone produced significant re- 
ductions (p «0.05) in total peripheral resistance, from 
.a control value of 1 ,815 + 143 to 1,330 + 94 and 1,316 + 
101 dynes-s-cm^5, respectively. Combination therapy 
. did not change ardia output, but hydralazine alone 
caused a significant increase (p <0.05). Propranolol 
| lowered cardiac output (p <0.05). Heart rate at rest in 
',the supine position decreased with both propranolol- 
hydralazine and propranolol therapy, from 84 + 5 to 66 
"Xx 4 and 62 + 3 beats/min, respectively (p <0.05). Stroke 
-volume increased markedly with both treatments (p 
^ «0.05). Hydralazine did not increase heart rates at rest 
: above placebo levels but the group mean was lowered 


t 


because patients with symptomatic tachycardia 


dropped out. Nonetheless, hydralazine produced sig- 
nificantly higher heart rates in the remaining patients 
during several levels of exercise and LBNP. 

In the upright position (Fig. 3, control values), the 
hemodynamic pattern for all 3 drug regimens was sim- 
ilar. Pressure was lowered by a significant reduction in 
total peripheral resistance (p <0. 05) with no change i in 
cardiac output. 

Lower body negative pressure: All 3 drug regimens 
reduced mean arterial pressure (p <0.05) to similfr 
levels during LBNP. Propranolol-hydralazine and hy- 
dralazine therapy reduced total peripheral resistance 
(p <0.05), whereas propranolol reduced heart rate and 
cardiac output (p <0.05). A significant increase in stroke 
volume (p <0.05) did not fully compensate for the rel- 
ative bradycardia. Cardiac output during propran- 
olol-hydralazine therapy was similar to control levels, 
whereas hydralazine caused a significant increase (p 
<0.05) as a result of increased heart rate. Changes in 
forearm blood flow were similar in pattern to the 
changes in cardiac output. In all cases, the antihyper- 
tensive effects persisted, but compensatory reflex 
mechanisms maintained adequate cardiac output and 
perfusion pressure. There were no clinical signs of ce- 
rebral or myocardial ischemia. 

There was large interindividual variability but no 
significant difference in plasma norepinephrine con- 
centration with any of the drug regimens. Plasma renin 
activity from samples drawn with the patients standing 
was significantly reduced from control levels with both 
propranolol and propranolol-hydralazine therapy (1.7 
+ 0.6 and 2.8 + 1.2 vs 3.7 + 1.4 ngAI-ml~!-hours™!, p 
<0.05). 

Static exercise: The antihypertensive effect of 
propranolol or hydralazine was not apparent after 3 
minutes of static exercise, yet the propranolol-hydral- - 
azine therapy maintained a lower arterial pressure 
throughout (Fig. 2). 

Dynamic exercise: The hemodynamic changes seen 
in the upright position at rest (Fig. 1) were maintained 
during dynamic exercise (Fig. 3). At maximal exercise, 
all 3 drug regimens produced a significant decrease in 
mean arterial pressure (p <0.05), from the control value 
of 150 + 5 to 122 + 5 mm Hg (propranolol-hydralazine), 
to 124 + 4 mm Hg (propranolol) and to 131 + 7 mm Hg 
(hydralazine). The antihypertensive effects were pro- 
duced by significant reductions in total peripheral re- 
sistance (p <0.05). Although propranolol-hydralazine 
and propranolol decreased heart rate (p <0.05), cardiac 
output was maintained at control levels by increased (p 
<0.05) stroke volume. Hydralazine caused a significant 
increase in heart rate relative to propranolol-hydrala- 
zine and propranolol therapy. Maximal oxygen uptake 
(22 + 2 ml-kg~'-min~*) was not changed with any of the 
drug regimens. 


Discussion 


The results of this study show that the combination 
of a nonselective B-antagonist (propranolol), a vasodi- 
lator (hydralazine) and a diuretic drug (hydrochloro- . 


thiazide) is effective treatment for moderate to severe 
hypertension. This combination treatment lowers pe- 
ripheral resistance and thus reduces arterial pressure 
without significantly altering cardiac output. None of 
the treatment regimens had any consistent effect on 
plasma catecholamine levels at rest or during the in- 
terventions. Plasma renin activity decreased with pro- 
pranolol and combination therapy, but individual blood 
pressure changes were unrelated to the changes in renin 
activity. Normal blood pressure was achieved without 
impairment of the compensatory cardiovascular reflex 
mechanisms or other adverse effects. Most important, 
the patients maintained appropriate responses to dy- 
namic and static exercise as well as to orthostatic stress 
at levels greater than those likely to be encountered 
often in their daily activities. 

Adequate doses of either hydralazine or propranolol 
produced equivalent and significant antihypertensive 
responses that were apparent under all experimental 
conditions. In contrast to the combination therapy, 
however, hydralazine reduced total peripheral resis- 
tance but caused a compensatory increase in cardiac 
output and heart rate. The dropout of at least 2 patients 
with symptoms of hyperkinetic circulation caused an 
underestimation of the effect on these variables. The 
hemodynamic changes observed with hydralazine were 
consistent during all experimental conditions. 

Propranolol, on the other hand, exhibited different 
mechanisms for lowering blood pressure in the supine 
and upright positions. During LBNP and static exercise 
(both performed with the patient supine), the pre- 
dominant hemodynamic adjustment was a significant 
reduction in cardiac output and heart rate. An increase 
in total peripheral resistance, which may have been 
caused by unopposed a-adrenergic receptor stimula- 
tion,”4 was not observed. In the upright position, both 
at rest and during maximal dynamic exercise, pro- 
pranolol significantly reduced total peripheral resis- 
tance to similar levels observed with hydralazine and 
combination treatment. Comparable results have been 
reported by some investigators,$-1? whereas others have 
reported no change!?:!4 or an increase in total peripheral 
resistance.!°!© These inconsistencies may be a result of 
differences in subjects' age and fitness levels, dosage or 
duration of treatment. Significant vasoconstriction due 
to volume contraction after diuretic therapy may have 
preempted any tendency for an increase in total pe- 
ripheral resistance with 9 blockade in our series. How- 
ever, the lack of major elevation in total peripheral re- 
sistance, plasma renin activity or plasma catecholamine 
levels would suggest that blood volume was not signif- 
icantly contracted at the time when propranolol was 
added to baseline diuretic therapy. 

Propranolol reduced blood pressure in patients 
during upright rest and exercise. Cardiac output re- 
mained similar to control levels, indicating that cardiac 
adjustments did not cause this antihypertensive effect. 
Several studies reported a lower cardiac output during 
exercise when § blockade was used to decrease heart 
rate. In our sedentary, unfit patients, long-standing 
hypertension and left ventricular hypertrophy might 
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“4 
have been erpédtéd to decrease left ventricular com- 4 
pliance and limit any compensatory increase in stroke © 
volume due to a Starling mechanism. However, the d 
stroke volume increased substantially after 8 blockade, - 
so that cardiac output during exercise was unchang T 
from pretreatment levels. Afterload reduction with 
improved systolic performance probably accounts for 
at least a portion of the increase in stroke volume. A 
The reported effects of propranolol on plasma nor- | 
epinephrine concentration are variable with in- 
creases,?526 decreases?" and no change.?? In this study, - 
treatment effects were variable, and no significant dif- | 
ferences were seen, although values tended to be higher- 3 
with therapy. Again, the withdrawal of patients from - 
hydralazine therapy probably reduced the mean plasma. 
norepinephrine concentrations in this subset. In ani- 5 
mals, large doses of propranolol reduce central nervous - 
system sympathetic outflow and lower blood pressure — 
and heart rate.?9?! This mechanism may also have been 3 
operative in our series. Baroreceptor activation in re- — 
sponse to a decreased blood pressure is normally asso- _ 
ciated with increased plasma levels of norepinephrine. 
However, norepinephrine levels did not change despite 3 
significant reductions in blood pressure in the patients b) 
who received propranolol alone or in combination with © 
hydralazine. Plasma renin activity increased in the di- : 
uretic-placebo treatment group and was normalized 
after -blocker therapy, whether given alone or in 
combination with hydralazine. There was no relation 
between plasma renin activity and blood pressure with : 
or without treatment. This finding is consistent with 
recent studies in which renin was not considered to play — 


a major role in many patients with essential hyperten- | 
sion 8911.12 4 
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Measurement of Cardiac Output During Exercise by the 
Thermodilution and Direct Fick Techniques in Patients 
with Chronic Congestive Heart Failure 
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Nine men with chronic stable congestive heart 
failure (New York Heart Association class II or III) 
were studied. Oxygen consumption was measured 
continuously and cardiac output (CO) determined 
by thermodilution and from the Fick equation at the 
end of each stage of treadmill exercise. CO mea- 
sured by the 2 techniques was similar (r — 0.98) 
over the range of 2.5 to 13 liters/min (43 separate 
estimations). Tricuspid regurgitation developed in 


2 patients during exercise, which resulted in un- | 
physiologic estimates of CO (more than 30 liters/ - N 
min) by thermodilution. In these circumstances 
estimation of CO by the direct Fick technique is - 3 
superior. With this exception, CO measured by - 
thermodilution was accurate even during exercise 3 
and provided results similar to those using the direct | 


Fick technique. F 





The physiologic stress of exercise has been used to 
evaluate the symptoms and cardiac function of patients 
with heart disease. Previous studies have shown that 
exercise capacity in congestive heart failure (CHF) is 
related to cardiac output (CO) during exercise and 
cannot be predicted from estimates of CO at rest.!? 
Cardiac output can be measured by thermodilution and 
the results correlate closely with those determined by 
the direct Fick technique at rest? and at the end of ex- 
ercise (maximal cardiac output 6.7 liters/min).4 This 
study compares the 2 techniques in patients with CHF 
throughout treadmill exercise. Oxygen consumption was 
measured continuously so that values for CO were ob- 
tained at rest and at the end of each exercise stage. 


Methods 


Patients: Nine men, aged 32 to 72 years (mean 48), with 
stable CHF were studied. Two patients were in class II and 
7 in class III of the New York Heart Association (NYHA) 
classification. In all patients breathlessness, fatigue or both 
developed during exercise. Patients had a cardiothoracic ratio 
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greater than 55% on chest radiograph and left ventricular | 
ejection fraction of 45% or less by radionuclide angiography - 
or echocardiography. Exclusion criteria were myocardial in- - 
farction during the previous 6 months, ventricular arrhyth- | 
mias during exercise testing or pulmonary disease documented - 
by pulmonary function tests. The causes of CHF are listed in 
Table I. No patient had clinical evidence of tricuspid regur- 
gitation at rest. The cardiac rhythm was atrial fibrillation in 
2 patients and sinus rhythm in the others. Drug therapy in- 
cluded furosemide, mean 88 mg/day, amiloride, mean 123 
mg/day, digoxin (2 patients), captopril (2 patients), andi iso- 
sorbide dinitrate (2 patients). 

Protocol: A Swan-Ganz balloon- tipped thermodilati d 
catheter was inserted into a subclavian vein under local an- | 
aesthesia and advanced into the pulmonary artery. A TF14 
catheter was inserted into the brachial artery under local- 
anesthesia. Patients exercised on a treadmill using a heart | 
failure protocol of 6-minute stages, until limited by symptoms. 
Stages 1 through 4 consisted of treadmill speeds of 1, 1.5, 2 and - 
2.5 mph on the level, respectively. Stages 5 through 9 consisted — 
of a treadmill speed of 2.5 mph and a gradient of 2.5, 5, 7.5, 10 
and 12.5% respectively. Oxygen consumption was measured © 
continuously by the method of Davies and Dennison.® Each ~ 
subject wore a head support and J-respiratory valve (Collins) © 
and nose clip. Expired air was sampled from different ports | 1 
on a 7-liter mixing box (Airspec). Argon (100%) was added to — 
the inlet port of the mixing box at a known flow rate. A mass — 
spectrophotometer (Centronic 200 MGA) measured mixed © 
expired oxygen, nitrogen, carbon dioxide and argon from the ~ 
mixing box. The output was linear (<1%) over the range of gas 4 
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Comparison of Cardiac Output Measurements Using Thermodilution and Fick Techniques 


TABLE | 


Cardiac 


Cardiac Output 


MVO> 
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idiopathic dilated cardiomyopathy; MVO; = maximal oxygen 


A-V = arteriovenous; CAD = coronary artery disease; CHF = congestive heart failure; E = exercise; IDC 


consumption; R = rest. 
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concentrations measured and was linked to a BBC B Com- 
puter. Oxygen consumption was calculated as: 
M argon (100 — F! Ar) 
100(Fbox Ar — F! Ar) 

d Ta X FIO, 

FIN» 

where FboxO» = percent oxygen mixing box, F!O2 = percent 
inspired oxygen = 20.93, FboxN? = percent nitrogen mixing 
box, FIN; = percent inspired nitrogen = 78.09%, Fbox Ar = 
percent concentration argon mixing box, F! Ar = percewt 
concentration inspired argon = 0.93%, M argon (mlgrpp: 
min~!) = argon flow (ml-min^!) X [Barometric pressure (mm 
Hg) X 273/760 X (273 + room temp (*C))]. 

Measurements were obtained every second and oxygen 
consumption calculated as the average over 30 seconds. Values 
were corrected to body temperature (37°C) at standard bar- 
ometric pressure. Oxygen consumption at the end of exercise 
was recorded as symptom-limited maximal oxygen con- 
sumption and expressed as ml(STPD)/kg/min. We have 
previously shown this measurement to be reproducible (retest 
reliability coefficient 90%). 

Measurement of cardiac output: CO was determined by 
thermodilution using a CO computer (9520A Edwards Lab- 
oratories). Ten milliliters of ice-cold dextrose (below 1°C) were 
injected into the proximal limb of the Swan-Ganz catheter. 
Measurements were repeated 4 times and the last 3 values 
were averaged. CO was measured at rest and after standing 
for 5 minutes and during the last minute of each stage of 
treadmill exercise. Arterial and mixed venous blood aliquots 
were obtained at the same time. Oxygen saturation was 
measured by a reflection oximeter (American Optical Corp.). 
The accuracy of the oximeter is +1%, +2%, and +4% at oxygen 
saturations of 90%, 60% and 20%, respectively. Knowing the 
oxygen consumption, CO was calculated from the Fick 
equation: 


|- Fbox0,| mlsrpp:min^! 


Oxygen consumption (ml/min) 
(arterial — venous Oz saturation %) X 1.34 X Hb (g/liter) 


Statistical analysis: Values are expressed as mean + 
standard error. Statistical analysis was by Student t test for 
paired data and linear regression. 


Results 

Maximal oxygen consumption: Oxygen consump- 
tion increased on exercise, reaching a steady state within 
3 minutes after any change in workload. Maximal oxy- 
gen consumption for patients in New York Heart As- 
sociation class II was 18.9 + 1.1 ml/kg/min and for those 
in class III, 12.6 + 0.6 ml/kg/min. 

Direct Fick technique: Arterial oxygen content was 
17.6 + 0.4 mg/dl at rest and was unchanged at the end 
of exercise. Mixed venous oxygen content fell from 10.2 
+ 0.7 mg/dl at rest to 5.5 + 0.5 mg/dl at the end of ex- 
ercise (p <0.0001). Arterial oxygen saturation at rest was 
97% (range 96 to 98%) and was unchanged at peak ex- 
ercise. Forty-three separate calculated estimates of 
mean CO were made during exercise in 9 patients (range 
3 to 11 estimates per patient) and were related to si- 
multaneous CO recordings determined by thermodi- 
lution technique (Table I). 

Thermodilution technique: There were no com- 
plications during insertion of the Swan-Ganz catheter. 
CO was measured in all patients. In 2 patients tricuspid 
regurgitation developed at the end of exercise as evi- 
denced by a large V wave in the right atrial pressure 
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FIGURE 1. Comparison of cardiac output estimations by thermodilution 
and direct Fick technique during exercise in 9 patients. The line of 
identity is drawn. Number of points — 43. 


recording, which resulted in unphysiologic estimates of 
CO (»30 liters/min) by the thermodilution technique 
(CO determined by the direct Fick technique was 6.2 
and 7.1 liters/min, respectively). These results were not 
included for comparative analysis. There was a corre- 
lation between CO estimates using the 2 techniques (r 
— 0.98) over the range of 2.5 to 13 liters/min (Fig. 1 and 
2). The equation of the regression line (Fig. 1) was: y = 
0.96x + 0.27, where y = CO by thermodilution technique 
and x = CO by direct Fick technique. Analysis of the 
residuals revealed that the 2 techniques for measuring 
CO were comparable throughout the range studied. 
Within individual patients there was a similar correla- 
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Thermodilution 
Cardiac output litres min 





10 15 


? Direct fi 4 
Cardiac output litres min 
FIGURE 2. Comparison of cardiac output estimation by thermodilution 
and direct Fick technique during exercise in 1 patient (no. 2). The line 
of identity is drawn. 
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(Fig. 2 and 3). b 
Exercise capacity, cardiac output and arte ial 
venous oxygen difference: Maximal oxygen con- 
sumption and exercise duration correlated with peak | 
cardiac index during exercise as determined by the Fic. ko 
equation (r = 0.91 and r = 0.97, respectively), but dic ies 
not correlate with resting estimate of cardiac index (r f 
= (0.47, p «0.1 and r = 0.52, p «0.07, respectively). Ar- | 
terial venous oxygen difference increased to 87% of the | p 
observed maximum difference (range 75 to 97%) within : 
the first 6 minutes of exercise, whereas CO only i 1- 5 
creased to 66% of maximum (range 48 to 75%) during | 
the same time. 











Discussion pa: 


un 
Pulmonary artery wedge pressure during exercise ds 

not related to exercise capacity in patients with CHF 
Cardiac index measured at rest is also of limited pre 
dictive value, whereas cardiac index during exerci se 
correlates with exercise capacity.? This observation has | 
been confirmed in the present study and 2 methods of. $ 
measuring CO during exercise have given similar results. - 
Measurement of CO by thermodilution is safe and ac- * 
curate in humans at rest,?9 but there are few studies o 
its use on exercise. Rubin et al* reported a correlation | 
between CO determined by the thermodilution and - 
direct Fick techniques at the end of exercise. Oxygen y 
consumption was measured using Douglas bags and the ~ 
maximal CO recorded in their study was only 6.7 li- — 
ters/min. In the present study oxygen consumption was 
measured continuously and showed that a steady state 
was reached within the first 3 minutes of each 6- -minute 
stage of the exercise protocol. Thus, CO could be de- 
termined by the direct Fick technique at the end of each 
stage and a comparison made with CO determined by - 
thermodilution. A good correlation has been shown 
between the 2 techniques up to a maximum CO of 13. 
liters/min. od 
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FIGURE 3. Comparison of cardiac output estimation by thermodilution — 
and direct Fick technique at rest and end of exercise (or penultimate - 
stage of exercise in those patients in whom tricuspid regurgitat n 
Herelonsd The line of identity is drawn. E 
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SB pconation Mig haine an limited exercise in pa- 
tie ents with CHF.7-? In the absence of respiratory dis- 
_ ease, CO can be calculated from knowledge of mixed 
_ venous oxygen saturation and oxygen consumption 
a one as arterial oxygen saturation may be assumed to 
| eid ‘97%. Mixed venous oxygen content decreased during 
xercise with oxygen extraction rising more rapidly than 
2€ during the first stage of the exercise protocol. Thus, 
in | patients with CHF, the initial increase in oxygen re- 
“quirements at low workloads is provided by the near- 
m gam extraction of oxygen from arterial blood. At 
igh workloads the increased oxygen demand is pro- 
vided by an increase in CO. 
A X In contrast to the study by Rubin et al,* we found that 
i he thermodilution technique may be inaccurate in es- 
timating CO in patients with tricuspid regurgitation. 
In 2 patients in this study tricuspid regurgitation de- 
f oped during exercise when the CO as determined by 
the direct Fick technique was 6.2 and 7.1 liters/min, 
es : ectively. Severe tricuspid regurgitation would be 


expected to result in poor mixing in the right atrium and 


| s: s of cold indicator to the body tissue before the in- 
d licator has reached the pulmonary artery. The differ- 
ence between the 2 studies may have occurred because 
etl peri regurgitation was greater in our study than 
hat by Rubin et al.? 
gs E “ The present study shows that estimation of CO dur- 
i ng exercise by thermodilution in patients without tri- 
uspid regurgitation is accurate, and gives results similar 
0 those obtained using the Fick equation. The tech- 
ni ques used in this report to measure oxygen con- 
sumption permit an estimate of CO provided a steady 
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ntent either know or assumed. Since 
the pe erg is computerized, an instantaneous and 
continuous recording of oxygen consumption is ob- 
tained and CO can be calculated if the oxygen content 
of a sample of mixed venous blood is known. To record 
similar data, including oxygen consumption by ther- 
modilution, requires several injections of cold dextrose 
over at least 1 minute and a simultaneous mixed venous 
sample of blood can only be obtained with difficulty. To 
measure CO and oxygen consumption on exercise in 
patients with severe CHF, direct measurement of gas 
exchange is the easier technique. 
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Doppler Hemodynamic Evaluation of Prosthetic (Starr- 
. Edwards and Bjork-Shiley) and Bioprosthetic (Hancock — 
and Carpentier-Edwards) Cardiac Valves 


GEORGE A. WILLIAMS, MD, and ARTHUR J. LABOVITZ, MD 


One hundred thirty-four patients with prosthetic or 
bioprosthetic heart valves were investigated with 
Doppler echocardiography to determine normal 
values for commonly used prosthetic valves and to 
test the specificity of abnormal Doppler findings. In 
70 patients the aortic valves had been replaced and 
in 64 the mitral valves had been replaced. Gradients 
across prostheses in the aortic position were cal- 
culated from maximal velocity. Peak calculated 
aortic transvalvular gradients in normal subjects 
were 22 + 10 mm Hg in 33 Bjórk-Shiley valves, 23 
+ 10 mm Hg in 27 porcine valves and 29 + 13 mm 
Hg in 6 Starr-Edwards valves. Mild aortic regurgi- 
tation was seen in 42% of Bjórk-Shiley valves, 26% 
of porcine valves and 2 of 6 Starr-Edwards valves. 
Mitral valve orifice was calculated by the pressure 
half-time method. In clinically normal patients with 
mitral valve prostheses, the effective mitral valve 


In the 25 years since the first successful use of a pros- 
thetic heart valve,! a sensitive and specific noninvasive 
tool for the accurate assessment of prosthetic valve 
function has been sought.? Fluoroscopy, M-mode 
echocardiography, and echo-phonocardiography are 
helpful in assessing mechanical prostheses.^ 9 Two- 
dimensional echocardiography is more useful for 
bioprostheses.7-? None of these techniques, however, 
allows quantitative assessment of valve dysfunction that 
compares well to invasive evaluation.!? Recent advances 
in Doppler technology permit both quantitative and 
qualitative assessment of stenotic gradients and val- 
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orifice was 2.5 + 0.8 cm? in 35 Bjork-Shiley valves, - 
2.1 + 0.7 cm? in 17 porcine valves, and 2.0 + 0.3 - 
cm? in 10 Starr-Edwards valves. Mitral regurgitation — 
was found in 11% of Bjórk-Shiley valves, 19% of - 
porcine valves and 30% of Starr-Edwards valves. 
Repeat studies at 2 weeks to 14 months revealed 
no difference in 8 aortic and 14 mitral prostheses. _ 
Seven aortic and 4 mitral valves functioned abnor- | 
mally as determined by Doppler, and the abnormal . 
function was confirmed in each at surgery or at — 
cardiac catheterization. Hemodynamic measure- © 
ments by Doppler provide noninvasive information © 
similar to that provided by cardiac catheterization © 
that is reproducible and specific for valve dysfunc- . 
tion. Doppler echocardiography is a valuable adjunct - 
to the noninvasive assessment of prosthetic and — 
bioprosthetic heart valves. l 
(Am J Cardiol 1985;56:325-332) 
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vular insufficient lesions in native heart valves.!1-16 — 
Although it has been noted that prosthetic mitral valve . 
Doppler profiles resemble mitral stenosis,!™-18 in pre- 
vious reports transvalvular gradients were used to 
document prosthetic valvular dysfunction.!9.20 

In this study we determined dynamic characteristics 
of certain prostheses in the aortic and mitral positions 
using Doppler-derived gradients and atrioventricular 
valve orifices. We investigated normally functioning 
Bjórk-Shiley and Starr-Edwards mechanical prostheses _ 
and Carpentier-Edwards bioprosthetic valves by Dop- | 
pler for flow characteristics and Doppler-derived gra- 
dients (aortic) or effective orifices (mitral) as deter- 
mined by the pressure half-time method, and used these — 
characteristics to identify abnormally functioning | 
valves. | 


Methods 


Study group: All patients with prosthetic heart valves seen — 
in the echocardiography laboratory at the St. Louis University 
Medical Center between January 1983 and July 1984 were 
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. FIGURE 1. Approaches to the aortic valve from 3 windows: the left 
Bibentricular apex, right parasternal area and suprasternal notch. Each 
- window views the aortic valve from a different angle, allowing optimal 
p. approach to the aortic jet. 
a 


- examined by pulsed and continuous-wave Doppler. Seventy 
. patients had prostheses in the aortic position and 64 patients 
- had prostheses in the mitral position. 
A total of 81 examinations were performed by Doppler in 
- the 70 patients with prostheses in the aortic position. Forty- 
four men and 26 women, aged 20 to 80 years (mean 55.1), were 
- studied. Repeat studies were performed in 11 patients, 8 
. within 8 months of their initial examination. Three patients 
- were reevaluated immediately after replacement of a mal- 
anian valve with a new prosthesis. Forty Björk-Shiley 
_ prostheses, 33 bioprostheses and 8 Starr-Edwards prostheses 
S were examined. Sixty-three patients had normally functioning 
prostheses clinically and were asymptomatic. 
— . Righty-one examinations were performed in 64 patients 
- with prosthetic valves in the mitral position. Twenty-four men 
E and 40 women, aged 19 to 77 years (mean age was 54), were 
. studied. Thirty- -seven Bjórk-Shiley prostheses, 17 biopros- 
. theses and 10 Starr-Edwards prostheses were examined. Sixty 
S patients had normally functioning valves clinically and were 
1 asymptomatic. To assess reproducibility, 16 repeat studies 
— were performed in 14 patients over 1 to 14 months. One pa- 
. tient was studied after repeat valve replacement. 
3 Doppler studies: General: All studies were performed 
- using a phased-array Doppler echocardiographic system, ei- 
- ther Irex System IIIB or Meridian. In the pulsed mode, a 
. sample volume 7 mm long can be located at depths between 
0 and 13 cm, the location of which is indicated by a box dis- 
_ played along the Doppler cursor. The maximal velocity limit 
using a baseline offset is 3.4 m/s at depths less than 8 cm and 
. 2.2 m/s at depths from 8 to 13 cm. Continuous-wave Doppler 
_ permits recording of velocities of up to 6 m/s. Blood flow ve- 
- locities recorded were displayed graphically as a spectral 
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FIGURE 2. A normal Bjórk-Shiley (BS) valve in the aortic position from 


the apical window showing maximal velocities of 1.8 m/s and no ab- 
normal diastolic flow. The calculated gradient for this value is 13 mm 


Hg. 
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analysis recorded at paper speeds of 50 to 100 mm/s. Two 
types of transducers were used in these studies. One was a 
combined transducer in which the Doppler functions are in- 
tegrated with 2-dimensional imaging by means of a time- 
sharing relay. The other is a dedicated independent trans- 
ducer (Pedof) used for Doppler signal only. 

Aortic position: All patients with prosthetic aortic valves 
were examined from 3 windows (Fig. 1)—cardiac apex, right 
parasternal and suprasternal notch—in an effort to record 
flow velocities in a parallel manner.!? The highest velocity 
(Vmax) obtained from any window was used to calculate peak 
transvalvular gradient (Fig. 2) according to the modified 
Bernoulli equation: 


gradient = 4(V max)? 


Left ventricular outflow tract velocities were measured from 
the cardiac apex using pulsed Doppler. When the left ven- 
tricular outflow tract velocity (Vivot) was greater than 1 m/s, 
this velocity was included in the corrected calculation: 


Nka) . 


Aortic insufficiency was defined by Doppler as early dia- 
stolic flow reversal of at least 2 m/s recorded from any of the 
3 windows. If present, the aortic insufficiency was quantitated 
by flow mapping technique from the cardiac apex in the 
pulsed Doppler mode!? (Fig. 3). Aortic insufficiency was 
graded as mild if present from the valve plane to 2 cm into the 
left ventricle, moderate from 2 cm to the papillary muscle 
level, and severe from the papillary muscle level to the 
apex. 

Eleven patients with prosthetic aortic valves had surgical 
or invasive hemodynamic confirmation of their Doppler 
findings. 


gradient = 4(V max? — 





_ FIGURE 3. (Opposite page) Technique of mapping aortic insufficiency from the left ventricular apex. A, continuous-wave Doppler tracing showing 


y . diastolic flow toward the transducer (arrow) across the aortic valve (AV). B, pulsed Doppler sampled below the aortic valve showing aliasing resulting 
- from the inability of pulsed Doppler to resolve the high-velocity jet of aortic insufficiency. C, sampling 3 cm below the valve plane. Diastolic flows 


persist (arrow) and systolic velocity is lower. D, at 5 cm below the valve, high-velocity diastolic flows are no longer seen. LV — 
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FIGURE 4. Normal Bjórk-Shiley mitral valve (BS MV). Left, Doppler 
showing a maximal velocity of 1.2 m/s and delayed deceleration 
ox “in early diastole. The large early diastolic spike represents valve motion. 
E Right, simultaneous apical 4-chamber view of the left ventricle showing 

= sampling at the left ventricular side of the valve plane, at an angle ap- 
_proximating the direction of atrioventricular flow. 
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5 - Mitral position: 'Transmitral flow was sampled by placing 
= the transducer at the cardiac apex and aligning the Doppler 
cursor with the valve using the 2-dimensional image from the 
— 4-chamber view (Fig. 4). The valve was routinely scanned first 
— in the continuous mode to determine maximal velocities of left 
- ventricular inflow and to scan the left atrium for the presence 
_ of mitral regurgitation. Mitral valve orifice was then calculated 
_ by the pressure half-time method.!^ Mitral regurgitation was 
defined as a holosystolic jet moving away from the transducer 
with velocity greater than 2 m/s. If mitral regurgitation was 
— present it was quantitated by switching to the pulsed mode 
and the extent of the regurgitant jet was mapped in the left 
_ atrium, either from the apical or left parasternal window.!6 
For the purposes of this study systolic flow away from the 
transducer seen at least 2 cm into the left atrium was consid- 
- ered significant (moderate to severe) mitral regurgitation. Jets 
that measured less than 2 cm into the left atrium were con- 
A sidered mild mitral regurgitation. 


Results 


E Normal subjects: Each type of valve prosthesis 
. demonstrated unique flow patterns by Doppler. Flow 
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. FIGURE 5. Doppler-measured transvalvular aortic gradients in normally 
E. prostheses. Slightly higher gradients are present in Starr- 
Bowers prostheses. 
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FIGURE 6. Systolic gradient plotted as a function of valve size in 36 
patients. A weak correlation (r = —0.35) is present. 


through Björk-Shiley valves was best demonstrated at 
the major orifice, with weaker signals at the minor ori- 
fice. Porcine bioprosthetic valve flow was best recorded 
centrally, with degeneration into disorganized flow » 
below the valve stent. Starr-Edwards valves were the 
most difficult to investigate; the sample volume or 
continuous-wave beam had to be placed alongside the 
ball at the sewing ring to obtain adequate tracings. 
Aortic position—transvalvular gradients (Fig. 5): 
All patients had adequate recordings from at least 1 of 
the 3 windows. There was considerable variation in peak 
transvalvular gradients in patients without clinical 
evidence of valve dysfunction. Of 33 Bjórk-Shiley valves 
examined, peak transvalvular gradients measured by 
Doppler ranged from 5 to 38 mm Hg (mean 21.5 + 10.0). 
The peak transvalvular gradients in the 27 porcine 
bioprostheses ranged from 4 to 36 mm Hg (mean 22.6 
+ 10.1). Seventy percent of the normally functioning 
Bjórk-Shiley and porcine valves had peak gradients of 
22 mm Hg or less. Six normally functioning Starr- 
Edwards aortic prostheses were found, with transval- — 
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FIGURE 7. Clinically normal Bjórk-Shiley (BS) aortic WR Nor- 
mal systolic velocities are present, as is the flow reversal of aortic 


insufficiency (Al). 
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TABLE! Repeat Studies 





Gradient (mm Hg) 

Interval oa) Ge 

Valve type (mo) 1st 2nd 

Aortic Position 
B-S 4 30 29 
B-S 3 weeks 12 12 
Porcine 8 12 13 
Porcine 4 6 6 
S-E 1 week 16 16 
e Porcine 1 25 23 
Porcine 2 16 15 
B-S 1.5 13 13 
Mean 2.7 15 13 
Mitral Position 

Porcine 14 2.2 1.9 
S-E 6 1.8 1.8 
S-E 1 2.4 2.5 
B-S 5 3.7 a7 
B-S 6 2.0 1.8 
B-S 8 2.8 2.8 
B-S 13 2.8 3.1 
B-S 1 3.2 2.8 
B-S 1.5 2.3 2.6 
Porcine 2 4.0 3.7 
Porcine 0.5 1.1 1.1 
B-S 7 1.7 1.7 
B-S 12 t 1.8 
B-S 4 2.6 2.6 

Mean 6.2 2.45 2.42 





— Bjórk-Shiley prosthetic valve; S-E — Starr-Edwards prosthetic 
valve. 


vular gradients ranging from 12 to 50 mm Hg (mean 29.3 
+ 13.3). 

When transvalvular gradients were plotted vs valve 
size (Fig. 6), a weak correlation was found (r = —0.35), 
the gradients decreasing with increase in valve size. The 
only gradients over 32 mm Hg were seen in valves with 
size 23 mm or less. 

Aortic position—valvular insufficiency: Minor aortic 
insufficiency was a common finding by Doppler in pa- 
tients with normally functioning prostheses. Fourteen 
of 33 normally functioning Bjórk-Shiley valves (42%) 
(Fig. 7), 8 of 31 porcine bioprostheses (2696) and 2 of 6 
Starr-Edwards prostheses with no evidence of pros- 
thetic valve dysfunction had minimal insufficiency. The 
insufficiency was holodiastolic with persistent high 
velocity. Localization of the origin of the insufficiency 
jet to valve or paravalve area was not possible using the 
apical window. 

Aortic position—repeat studies: In 8 patients with 
prostheses in the aortic position and no evidence of 
valve dysfunction, repeat Doppler studies were per- 
formed within 8 months of an initial study (Table I). 
There was essentially no difference in the Doppler- 
measured transvalvular gradient from the first to the 
second examination. 

Mitral position—gradients: Peak diastolic gradients 
were measured in the first 27 patients with normal 
mechanical and bioprosthetic valves in the mitral po- 
sition. Gradients ranged from 4 to 19 mm Hg (mean 10) 
in 19 Bjérk-Shiley prostheses, 4 to 19 mm Hg (mean 10) 
in 5 Starr-Edwards valves, and 14 to 16 mm Hg (mean 
15) in 3 porcine valves. Early diastolic gradient was not 


significantly related to valve areas in the 27 patients. 
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FIGURE 8. Mitral valve areas of clinically normal prosthetic valves 
ranged from 1.1 to 3.7 cm?. Starr-Edwards valves tended to have 
smaller orifices. 
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Mitral position—valve areas (Fig. 8): Thirty- six 
patients with normally functioning Björk-Shiley disc 
valves had calculated areas of 1.8 to 3.7 cm? (mean 2.5 - 
+ 0.8). Areas for 16 porcine valves ranged from 1.1 to4 © 
cm? (mean 2.1 + 0.7); areas for the 10 Starr-Edwards 1 
valves ranged from 1.2 to 2.5 cm? (mean 2.0 + 0.3). Valve — 
area and stent size were compared in 21 patients (Fig. - 
9). No correlation was found between calculated valve — 
areas and stent size. 

Mitral position—valvular insufficiency: Fours 
Bjórk-Shiley valves (11%) with normal diastolic func- - 
tion had mild regurgitation by Doppler. Three porcine k 
valves (19%) and 3 Starr-Edwards valves (30%) had 
minimal mitral regurgitation by Doppler. 
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Mitral position—repeat studies: Fourteen patients Q 
were reexamined with use of Doppler an average of 6.5 — 
months after the initial evaluation. The mean difference — 
between calculated orifices was 0.14 + 0.15 cm? (dif- - 
ference not significant) (Table I). i 
J 
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FIGURE 9. Comparison of Doppler-derived effective orifice to stent - 5 
size in 21 patients. No correlation is found. | 
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~ Abnormal subjects: Aortic position: Four patients 
. were found to have significant prosthetic valve stenosis 
. and 3 moderate to severe insufficiency by Doppler 
R: (Table II). In all 7 patients these conditions were con- 
_ firmed as abnormal by cardiac catheterization or direct 
visualization at surgery. Two of the patients went di- 
_ rectly to surgery on the basis of clinical and Doppler 
a ocardiographic findings. One was a patient with a 
- calcified bioprosthesis and the other a thrombosed 
_ Bjórk-Shiley prosthesis (Fig. 10). 

- Mitral position: Four mitral valves were abnormal 

by Doppler; abnormalities were confirmed at surgery 
or cardiac catheterization. Two Bjórk-Shiley valves were 

. stenosed by ingrowth of fibrous tissue on the atrial side. 
- Doppler areas were 0.65 and 0.5 cm? (Fig. 11). In 1 valve, 
_ stenosis was confirmed by fluoroscopy and surgery; the 
- other was operated upon immediately. 
E — In 3 valves (2 Bjórk-Shiley, 1 porcine) insufficiency 
- was confirmed at catheterization. One patient with mild 


En 





- insufficiency by Doppler had moderate regurgitation 
- at catheterization. Two patients had severe regurgita- 
__ tion by Doppler: 1 patient with a Bjórk-Shiley valve in 
which dehiscence was confirmed 2 weeks later, and a 
_ patient in whom catheterization and surgery confirmed 
- a degenerated porcine valve with a ruptured leaflet. 
— One patient was clinically diagnosed as having val- 
vular malfunction. Doppler and cardiac catheterization 
confirmed a normally functioning prosthesis and an 
k abnormal left ventricle. 
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bs Discussion 

_ These findings confirm that Doppler evaluation 
— of prosthetic valves provides valuable information 
- noninvasively.!7-?9 

— — Aortic valve: Doppler techniques are useful for lo- 
- calizing and quantitating left ventricular outflow gra- 
-— dients.!?? The use of multiple windows is important 
_ for accurately recording maximal outflow velocities.!?.1? 
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The use of maximal velocity, however, provides differ- 
ent information from peak-to-peak gradients, and peak 
Doppler gradients usually exceed invasive peak-to-peak 
gradients. The method of measurement can also affect 
catheterization measurements.?! Because of these 
considerations, values recorded by Doppler in the nor- 
mally functioning prosthesis may be higher than those 
measured at cardiac catheterization. 

Changes in left ventricular function over time may 
also change measured gradient independent of valye 
function. Although gradients may be compared long- 
itudinally in the presence of stable left ventricular 
function, deterioration of left ventricular function would 
be expected to result in corresponding decreases in 
Doppler-measured transvalvular gradients. Thus, a 
normal calculated gradient in the presence of left ven- 
tricular dysfunction may not rule out significant val- 
vular stenosis. 

Despite the differences between Doppler and cathe- 
terization measurement techniques, our Doppler results 
closely correspond with those reported from catheter- 
ization. In vitro studies have shown gradients across 
Bjórk-Shiley prostheses of up to 47 mm Hg at physio- 
logic flows.?2:2? In vivo, gradients of 5 to 35 mm Hg were 
found by catheterization of 6 patients with Bjórk-Shiley 
valves in the aortic position.?4 

Starr-Edwards valves have smaller effective orifice 
areas. Gradients of 7 to 35 mm are reported; some pa- 
tients have higher gradients across normally functioning 
valves,2526 agreeing well with values by Doppler. 

Porcine bioprosthetic valve gradients by Doppler also 
reflect reported values,”! with most gradients less than 
30 mm Hg, and peak gradients for the smaller (19 and 
21 mm) valves of up to 36 mm Hg. 

Although baseline Doppler-measured transvalvular 
gradients varied considerably in patients with normally 
functioning prostheses, normally functioning Bjórk- 
Shiley or porcine bioprostheses in the aortic position 











Fpi © 
if: 
M 


|... placement; — = not measured at catheterization. 


* Emergency surgery without catheterization. 
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a TABLE l| Prosthetic Valve Dysfunction Hemodynamic or Surgical Confirmation 
x Doppler At Catheterization 
Gradient R Gradient R 
Valve Type (mm Hg) (0-34) (mm Hg) (0-34) Operation 
i Aortic 
Eos 
B-S 55 0 48 0 T 
Porcine 64 0 " + 
B-S 100 0 d + 
S-E 64 0 0 + 
Porcine 0 3+ = 3+ + 
B-S 0 2+ -— 3+ T 
B-S 0 2+ -— 2+ + 
Mitral 
Valve area R R 
(cm) 
B-S 0.65 0 , T 
B-S 0.5 0 , + 
Porcine 1.8 3+ = 3+ + 
B-S 2.2 3+ - 3+ + 
B-S 2. 1+ — 2+ + 


B-S = Bjork Shiley prosthetic valve; R = regurgitation; S-E = Starr-Edwards prosthetic valve; + = pathology confirmed at surgery/valve re- 
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always had peak gradients of less than 40 mm Hg. The 
4 known patients with aortic prosthetic obstruction all 
had higher gradients. In our series, Starr-Edwards 
valves had gradients of less than 50 mm Hg. This was, 
however, our smallest group and may not be represen- 
tative of all normal subjects. 

Quantitation of aortic insufficiency by the mapping 
technique compares well with aortography.! This 
method is sensitive to the technical quality of the study 
obtained, as well as to the experience of the technician 


porcine 
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FIGURE 10. Top, right parasternal recording from a patient with a 
calcified Hancock (porcine) prosthesis. The maximal systolic velocity 
(4 m/s) is compatible with a gradient of 64 mm Hg. Bottom, Apical 5- 
chamber recording of a thrombosed Bjórk-Shiley (BS) aortic valve 
documenting a gradient of 100 mm Hg across the valve. Both patients 
had diseased valves confirmed at surgery. 
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or physician performing the examination. In this group 


of patients, the finding of Doppler velocities of aortic | 
insufficiency more than 2 cm below the aortic valve - 


plane was highly predictive for valve dysfunction. 


Because of the individual variability in normal values - 
influenced by such factors as left ventricular function - 


and valve size, a baseline Doppler study should increase 
the sensitivity in detecting prosthetic valve dysfunction 
at repeat study. In our patients, reproducibility of values 


within 8 months at repeat examination supports the © 
usefulness of longitudinal study when other factors are 


unchanged. 


Mitral valve: The pressure half-time method was — 
first applied to prosthetic mitral valves in 19682’ ina 


study of the value of the method to predict stenotic — 
valve area. The Doppler application of this technique — 
provides mitral valve orifice estimates similar to those . 
measured during catheterization. Doppler yields - 
similar pressure information about prosthetic mitral . 


valves.!? 
The results of Doppler measurements of effective 
mitral valve area again parallel measurements from 


catheterization for Bjérk-Shiley,2® Starr-Edwards?? and . 


porcine?L9 valves. Repeat studies performed at inter- - 
vals of up to 14 months are within 0.3 cm? of original - 


MP CN À 


values, demonstrating reproducibility and the potential 


value of longitudinal studies. 
Our data show a wide range of effective mitral orifice 


H1. it 


areas for each type and in each size of prosthesis. This j 
variation was also seen at catheterization?! and has been 
attributed to valve orientation?? and inertia of the - 
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FIGURE 11. Continuous-wave recording of a Björk-Shiley (BS) valve 


obstructed by fibrous ingrowth. This valve appeared to have normal 
motion by 2-dimensional echocardiography and fluoroscopy, and a 
sharp closing motion (C) is seen on the Doppler trace. The Doppler 
findings of a valve area of 0.65 cm? led to surgery. 
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- creases with size.?! In vivo and in vitro, effective valve 
- area changes with flow across the valve and can vary 
_ throughout diastole,?? usually being largest in the first 
_ third of diastole. The Doppler pressure half-time 
. method uses the deceleration of velocities early in 
diastole and should measure the largest effective orifice 
- at any cardiac output. 

- Doppler flow mapping has been shown to reflect the 


severity of mitral regurgitation,!® but results with 
- prosthetic valves have varied. Excellent sensitivity has 
been reported for prosthetic regurgitation. However, 
‘Hatle and Angelsen!” reported that mechanical pros- 
"theses may cause too much reflection to adequately 
investigate the left atrium from the apex. In our pa- 
tients, the paravalvular leak of a dehisced Bjórk-Shiley 
valve was easily'diagnosed from the apex and left 
_ parasternal windows. The flow disturbance from the 
_ degenerated porcine valve, however, was only well de- 
. tected in the parasternal view. Detection and quanti- 
- tation of prosthetic mitral regurgitation thus requires 
_ the use of multiple windows and careful technique. 

In the abnormal valves we studied, reduced Doppler 
Bae areas predicted obstruction of the valve. Both 
- patients with moderate to severe mitral regurgitation 


Eby Doppler required valve replacement. 
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Doppler Versus Contrast Echocardiography 
` for Diagnosis of Tricuspid Regurgitation 


JULIUS MICHAEL CURTIUS, MD, MICHAEL THYSSEN, HANS-WILLI MARIA BREUER, MD, 
and FRANZ LOOGEN, MD 








Sixty-eight patients (mean age 49 years) were 
studied with contrast echocardiography (CE) and 
Doppler echocardiography (DE) to evaluate both 
methods for detecting and grading tricuspid regur- 
gitation (TR). In all patients, right ventricular (RV) 
angiography was performed. The severity of TR was 
graded on a 4-point scale. Only 68 of 88 patients 
who underwent RV angiography (77%) could be 
evaluated, but 65 of 68 patients who underwent CE 
(96% ) and all 68 who underwent DE (100% ) could 
be evaluated. TR was present in 33 patients as seen 
on RV angiography. CE and DE correctly diagnosed 
27 and 30 patients, respectively, corresponding to 
a sensitivity of 82% for CE and 91% for DE. Spec- 


ificity was 10096 for CE and 86% for DE. CE and DE 
grading, respectively, of TR vs RV angiographic — 
grading showed no difference in 50 and 47 patients, — 
a 1-level difference in 8 and 13 and a 2-level dif- 4 
ference in 7 and 5 cases. (CE-RV angiography, r = 
0.84, p «0.001; DE-RV angiography, r = 0.82, p 
<0. 001). Thus, CE and DE are accurate methods for E 
routine diagnosis of TR, with DE having higher 
sensitivity and easier grading. Considering the - 
possibility of false-positive findings of our standard - 

RV angiography, sensitivity and specificity of CE and 
DE could be even higher. 







(Am J Cardiol 1985;56: 333-336) - 





In addition to invasive right ventricular (RV) angiog- 
raphy, 2 noninvasive approaches currently diagnose 
tricuspid regurgitation (TR): contrast echocardiography 
(CE) and Doppler echocardiography (DE). Our study 
was performed to compare both ultrasonographic 
methods with regard to their reliability and practicality 
in daily clinical routine. Because of the lack of a more 
adequate standard, we chose RV angiography as the 
reference method. 


Methods 


Patients: RV angiography was performed in 88 patients (44 
women, 24 men, mean age [+ standard deviation] 49 + 14 
years). Sixty-eight patients whose RV angiograms were 
technically adequate, were included in the study. Forty-four 
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patients presented with valvular lesions, 19 with cardiomy- 
opathy and 5 with other cardiac diseases. All 68 patients also 
underwent CE and DE with a mean interval of 1.6 + 1.1 days 3 
from RV angiography, and they remained hemodynamically _ 
stable throughout this period. Twenty-nine patients were in 4 
sinus rhythm, and 39 had atrial fibrillation. 

Right ventricular angiography (biplane): A pigtail | 
catheter (No. 7Fr) was placed at the apex, and 35 to 40 ml of 
Urografin®-76% were injected (10 to 12 ml/s). For grading, we — E 
modified the Sellers classification of mitral regurgitation! to — 
a 4-point scale: 0 = no systolic regurgitation of contrast me- P 
dium into the right atrium; I = mild systolic reflux with in- 
homogeneous opacification of the right atrium and e E 
clearing; II = total and persistent opacification of the right 
atrium; III = additional opacification of 1 or both caval . 
veins. ^l 

Contrast echocardiography: A 2-dimensional electronic - di 
sector scanner (Toshiba SSH-40 A, 2.4-MHz transducer), a 
line scan recorder (Toshiba LSR-20 B) and a video tape re- 
corder (JVC 7600 MS) were used for registration. The patients 
were examined in a supine position with flexed knees for 3 
better relaxation of the abdomen. The inferior vena cava and " 
the right atrium were visualized in a sagittal plane froma | 
substernal transducer position. The M-mode beam was placed — 
perpendicular to the inferior vena cava next to its transition. ES 
into the right atrium. Patients were asked to breath in a re- À 
laxed manner and were rapidly given an injection of 10 to 15... 
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e | TABLE | Echocardiographic Results Subdivided in True- - 
Positive, True-Negative, False-Positive and 


" T False-Negative Results 
E Results True False 
; Contrast echo 

Positive 27 0 
p Negative 33 6 
ze Doppler echo 
i. Positive 30 5 
D Negative 30 3 


Echo = echocardiography. 


Le 


‘a 
: pmi of 0.9% saline solution through a 19G butterfly cannula into 
- an antecubital or forearm vein after agitating the syringe. A 
contrast pattern synchronous to the atrial contraction, a 
. random pattern and no contrasting were judged normal. Only 
= appearance of microcavitations synchronous to the ven- 
tricular contraction was indicative of TR (i.e., after the QRS 
- complex in the electrocardiogram). 
1 - Incase of negative study results, the patient was turned to 
. the left, and the tricuspid valve was directly visualized from 
the parasternal short-axis view or from the apical 4-chamber 
E view. Contrast injection was repeated with the M-mode beam 
_ traversing the right ventricle, tricuspid valve and right 
atrium. 
EN The following grading of TR was chosen: I = any positive 
. results on tricuspid valve study in case of a negative result on 
- vena cava study or the following vena cava findings—inter- 
- mittent contrasting (related to the respiratory cycle) or per- 
- manent contrasting for fewer than 5 heart beats and less than 
3 20 mm distal from the right atrium; II = permanent con- 
- trasting for 5 to 25 heart beats and/or 20 to 50 mm distal from 
- the right atrium; and III = permanent contrasting for more 
- than 25 heart beats and/or more than 50 mm distal from the 
E right atrium. 
l Doppler echocardiography: An ultrasound pulsed Dop- 
- pler flowmeter (‘Toshiba SDS-21 A) was used and the tricuspid 
_ valve, right atrium and the RV inflow tract was seen from 
é parasternal views with the patient in a left lateral recumbent 
position. The sample volume was placed behind the tricuspid 
B slvo, and Doppler signals were obtained over the right atrium 
_ with special attention to the area next to the valve. A systolic 
- backward flow, beginning with the closure signal of the valve 
1 and lasting 8076 or more of systole, was defined as pathologic 
TU. 
p The extension of the regurgitant jet was measured and 
_ graded: I = any distance in case of intermittent regurgitation 
ee pending on respiration or less than 15 mm in case of reflux 
_ throughout the respiratory cycle; II = 15 to 35 mm; and III = 
^ more than 35 mm. 
- Statistics: The correlation coefficient of the grading results 


| was calculated according to Pearson’s method.” 


Bes: Results 


Right ventricular angiography: In 20 of 88 pa- 
. tients, RV angiography was inadequate because of 
M EE ature ventricular complexes, catheter dislocation 
\ . during contrast injection, and other problems. The re- 
ft maining 68 films (77%) could be evaluated, and only 
_ these patients were included in the study. Results of RV 

- angiography were positive for TR in 33 and negative in 
a 35 patients. 
— Contrast echocardiography: We could not ade- 
. quately perform CE in 3 patients because of poor venous 
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TABLE II Sensitivity, Specificity and Predictive Accuracy 
of Contrast and Doppler Echocardiography 


CE DE 

(%) (%) 
Sensitivity 82 91 
Specifity 100 86 
Pos. predictive accuracy 100 88 
Neg. predictive accuracy 85 91 


CE = contrast echocardiography; DE = Doppler echocardiography; 
Neg. = negative; Pos. = positive. 
e 


states or weak contrast. Thus, 65 of 68 CE examinations 
(96%) could be evaluated. 

CE diagnosed TR correctly in 27 patients (sensitivity 
82%). There were 6 false-negative findings and no 
false-positive finding (specificity 100%) (Tables I and 
II). 

CE grading showed no difference compared with the 
RV angiographic grading in 50 patients, a 1-level dif- 
ference in 8 and a 2-level difference in 7 (r = 0.84, p 
<0.001) (Fig. 1A). 

In 7 patients, results of a vena cava study were neg- 
ative followed by positive results in a tricuspid valve 
study; these findings were judged grade I. Only 3 of 
these findings matched exactly with RV angiographic 
grading. 

We found breath-dependent contrasting coinciding 
with mild TR in 6 patients. In all these patients, DE 
showed the same pattern. The RV angiographic grading 
matched exactly in 5 patients. 

Doppler echocardiography: DE was adequate in 
all patients (100%). With RV angiography as reference, 
TR was correctly diagnosed in 30 patients and ruled out 
in another 30. There were 3 false-negative and 5 false- 
positive findings, yielding a sensitivity of 91% and a 
specificity of 86% (‘Tables I and II). 

False-negative results on DE were invariably ac- 
companied by negative results on CE, and only RV 
angiography yielded positive results. 

DE grading showed no difference compared with RV 
angiographic grading in 47 patients, a 1-level difference 
in 18 and a 2-level difference in 3 (r = 0.82, p «0.001) 
(Fig. 1B). 


Discussion 


As recently established by other investigators, CE?-1? 
and DE!?-2 are accurate methods for routine diagnosis 
of TR. An 88 to 100% sensitivity and a 100% specificity 
of CE? and a 74 to 100% sensitivity and an 85 to 
100% specificity of DE were found.1?.14.16-20 

Reasons for these discrepancies are differences in the 
procedure of the examination and the interpretation of 
the findings. 

Interpretation of contrast echocardiographic 
findings: The direct tricuspid approach in CE is still 
controversial. In the right atrium, retrograde flow can 
be detected even in normal persons at the onset of sys- 
tole, coinciding with the closure movement of the 
valve,?? and in the posterior right atrium.? Although 
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FIGURE 1. Comparison of the grading of the ultrasonographic and the angiographic findings, respectively. A, contrast echocardiography (CE) vs - à 
right ventricular angiography (RVA) (r = 0.84, p <0.001). B, pulsed Doppler echocardiography (PDE) vs right ventricular angiography (RVA) (r = d 
0.82, p « 0.001). Triangles represent patients with sinus rhythm and circles represent patients with atrial fibrillation. 


these findings probably correspond to a physiologic 
reflux, our criteria were: reflux into the right atrium for 
80% or more of systole, adjacent to the systolic position 
of the valve and for 3 or more cardiac cycles, to improve 
the specifity for pathologic findings. However, visual- 
ization of microcavitations traversing the tricuspid valve 
itself is not required. This would result in many false- 
negative results on CE.’ 

In vena cava studies, one can not rely on negative 
findings as proof of the absence of TR. Not only would 
grade I lesions be missed, but severe leaks would be 
missed as well. Thus, a contrast examination should 
include both approaches—vena cava as well as 
tricuspid. 

For grading, we measured the duration of contrast in 
the inferior vena cava, already successfully performed 
by Lambertz et al, and the extension of the contrast 
reflux. Both phenomena unquestionably depend not 
only on the severity of the valvular lesion, but also on 
cardiac output and the functional state of the right 
ventricle. Nevertheless, this way of grading proves 
sensitive for routine diagnosis of TR. 

Interpretation of Doppler echocardiographic 
findings: Recent investigators, using the Doppler 
technique, based their diagnosis of TR on different 
findings: the vena cava flow!?-16 or the right atrial 
flow.16-?? We used the right atrial approach, collecting 
data nearest to the site of the supposed lesion. 

Similar to the findings of CE in normal persons, we 
observed an early systolic backward flow coinciding with 
the valvular closure signal and not exceeding the first 
half of systole.!?7 In up to 90% of normal volunteers, a 
reflux at the tricuspid valve is supposed to be seen.?? 
Therefore, our 5 *false"-positive findings on DE may 
represent true physiologic regurgitation. 
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In published reports, we find different grading prom 
cedures such as calculation of systolic and diastolic flow 
ratios in the inferior vena cava or the right atrium,!1?1619 _ 
measurement of the maximal distance of the regurgitant | 
jet!" and planimetric evaluation of the regurgitation.?! _ 
We adopted the easily performed approach of Miyatake 
et al.!7 The resulting slight overestimation of the val- _ 
vular lesion is certainly caused by the arbitrary fixation - 







of grades. rA 
Reference method: The absence of a real standard - E 
constitutes a critical point in any study of TR. 4 


We believe that RV angiography is to be the most. in 
objective standard. However, this technique raises — 
several problems. The catheter itself, traversing the ; 
tricuspid valve, may produce TR.?? Furthermore, irri- _ 
tation of the right ventricle may produce premature j 
ventricular contractions. Despite the most careful at- 
tempts to avoid this situation, only 77% of our RV an- h 
giograms could be evaluated. * 

Considering these inadequacies, the positive results _ 
in our 3 RV angiographic studies with negative results - 3 
in CE and DE could in fact be false-positive findings on E 
RV angiography. Sensitivity and specificity of CE and > h 
DE would then still be higher than previously calculated 3 
(sensitivity: CE 90%, DE 100%; specificity: CE 100%, DE 7 
87%). ; 

In conclusion, we believe that both CE and DE are ? 
practicable in diagnosing and in semiquantitative E. 
grading of TR. Both procedures yield higher success s 
rates than RV angiography with regard to interpretable ^ 
results. Both are less invasive and provide little stress — 
for the patients. DE shows higher sensitivity than 3 
CE. In the future, diagnosis of TR can be based on a 
these ultrasonographic procedures, thus replacing RYE 


angiography. 
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As specialists in magnetics we are also involved 
in the development of highly sophisticated 
diagnostic methods for cardiac diseases. 

Our contribution: design, construction and assembly 
of “walk-about” magnetically shielded rooms which 
provide the facilities for non-contact, magnetic 
measurements of patients' bio-signals. Since electro- 
magnetic interference is excluded highly sensitive, 
accurate measurements of the heart lead to new 
medical results. This novel method is painless and 
avoids surgery at the diagnostic stage. 
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Apresoline* hydrochloride 
hydralazine hydrochloride USP 


TABLETS 
INDICATIONS 
Essential hypertension, alone or as an adjunct. 


CONTRAINDICATIONS 
Hypersensitivity to hydralazine; coronary artery dis- 
ease; and mitral valvular rheumatic heart disease. 


WARNINGS 

Hydralazine may produce in a few patients a Clinical 
picture simulating systemic lupus erythematosus. In 
such patients hydralazine should be discontinued 
unless the benefit-to-risk determination requires 
continued antihypertensive therapy with this drug. 
Symptoms and signs usually regress when the drug 
is discontinued but residua have been detected 
many years later. Long-term treatment with steroids 
may be necessary. 


Complete blood counts, L.E. cell preparations, and 
antinuclear antibody titer determinations are indi- 
cated before and periodically during prolonged 
therapy with hydralazine even though the patient 

is asymptomatic. These studies are also indicated 

if the patient develops arthralgia, fever, chest pain, 
continued malaise or other unexplained signs or 
symptoms. 

A uU antinuclear antibody titer and/or positive 
L.E. cell reaction requires that the physician carefully 
weigh the implications of the test results against the 
benefits to be derived from antihypertensive therapy 
with hydralazine. 


Use MAO inhibitors with caution in patients receiving 
hydralazine. 


When other potent parenteral antihypertensive 
drugs, such as diazoxide, are used in combination 
with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in 
blood pressure. Profound hypotensive episodes may 
occur when diazoxide injection and Apresoline 
(hydralazine hydrochloride) are used concomitantly. 


Usage in Pregnancy 

Animal studies indicate that hydralazine is terato- 
enic in mice, possibly in rabbits, and not in rats. 
eratogenic effects observed were cleft palate and 


malformations of facial and cranial bones. Although 
clinical experience does not include any positive 
evidence of adverse effects on the human fetus, 
hydralazine should not be used during pregnancy 
unless the expected benefit clearly justifies the po- 
tential risk to the fetus. 


PRECAUTIONS 

Myocardial stimulation produced by Apresoline can 
cause anginal attacks and ECG changes of myocar- 
dial ischemia. The drug has been implicated in the 
production of myocardial infarction. It must, therefore, 
be used with caution in patients with suspected 
coronary artery disease. 


The "hyperdynamic" circulation caused by 

Apresoline may accentuate specific cardiovascular 
inadequacies. An example is that Apresoline may 
increase pulmonary artery pressure in patients with 
mitral valvular disease. The drug may reduce the p* 
pressor responses to epinephrine. Postural hypoten- 
sion may result from Apresoline, but is less common 
than with ganglionic blocking agents. Use with cau- 
tion in patients with cerebral vascular accidents. 


In hypertensive patients with normal kidneys who 

are treated with Apresoline, there is evidence of in- 
creased renal blood flow and a maintenance of 
glomerular filtration rate. In some instances improved 
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renal function has been noted where control values 
were below normal prior to Apresoline administra- 


cases It may be necessary to discontinue the drug. 
Common: Headache; palpitations; anorexia; nausea; 


Ing large doses of Apresoline. 
In a few resistant patients, up to 300 mg Apresoline 


tion. However, as with any antihypertensive agent, vomiting; diarrhea; dia; angina pectoris daily may be required for a significant antinyper- 
esoline should be used with caution in patients 
th advance d eral damage, Less frequent: Nasal congestion; flushing; lacrima- tensive effect. In such cases, a lower dosage of 


Peripheral neuritis, evidenced by paresthesias, 
numbness, and tingling, has been observed. Pub- 
lished evidence suggests an antipyridoxine effect 
and the addition of pyridoxine to the regimen if 
symptoms develop. - 
Blood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulocy- 
tosis, Irpura, have been reported. if such 
abnormalities develop, discontinue therapy. Periodic 
blood counts are advised during prolonged therapy. 
/ The Apresoline tablets (10 and 100 mg) contaln 
; FD&C Yellow No, 5 (tartrazine) which may cause 
lergic-type reactions (Including bronchial asthma) 

in certain susceptible Individuals. Although the over- 

all Incidencejof FD&C Yellow No. 5 (tartrazine) 

sensitivity Inthe general population is low, it ia 

frequently seen in patients who also have aspirin 

hypersensitivity. — 

ADVERSE REACTIONS 

reactions with Apresoline are usually revers- 


Adverse reac 
ible when dosage is reduced. However, in some 


tion; conjunctivitis; peripheral neuritis, evidenced b 
paresthesias, numbness, and tingling; edema; di 
ness; tremors; muscle cramps; psychotic reactions 
charactérized by depression: disorientation, or anx- 
loty; hypersensitivity (including rash, urticaria, pru- 
ritus, fever, chills, arthraigla, eosinophilia, and, rarely, 
hepatitis); diera ifficulty in micturition; dys- 
mes paralytic 3eus; lymphadenopathy; splenomegaly; 
lood dyscrasias, consisting of reduction in hemo- 
globin and red cell count, leukopenia, agranulo- 
cytosis, and purpura; hypen don paradoxical 
pressor response. 
DOSAGE AND ADMINISTRATION 
Inttlate the in gradually increasing dosages; 
adjust according to Individual response. Start with 
10 mg 4 times daily for the first 2 to 4 days, increase 
to 25 mg 4 times dally for balance of first week. For 
second and subsequent weeks, Increase dosage to 
50 mg 4 times cay For maintenance, adjust dosage 
to lowest effective levels. 
The incidence of toxic reactions, particularly the L.E. 
cell syndrome, is high in the group of patients receiv- 


Apresoline combined with a thiazide, reserpine, or 
both may be considered. However, when combining 
therapy, individual titration is essential to insure the 
lowest possible therapeutic dose of each drug. 
HOW SUPPLIED 

Tablets, 10 mg (pale yellow, dry-coated); bottles of 
100 and 1000. 

Tablets, 25 mg (deep blue, dry-coated) and 50 mg 
(Ilght blue, dry-coated); bottles of 100, 500, 1000 
and Accu-Pak? blister units of 100. 

Tablets, 100 mg (peach, dry-coated); bottles of 100. 
Dispense in tight, light-resistant container (USP). 
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CARDIOMYOPATHY 





Determinants of Prognosis in Idiopathic Dilated 
> Cardiomyopathy as Determined by Programmed 
Electrical Stimulation 


THOMAS MEINERTZ, MD, NORBERT TREESE, MD, WOLFGANG KASPER, MD, 
ANNETTE GEIBEL, MD, THOMAS HOFMANN, MD, MANFRED ZEHENDER, MD, 
DORIS BOHN, MD, TIBERIUS POP, MD, and HANJOERG JUST, MD 


The incidence and prognostic significance of elec- 
trically Induced ventricular arrhythmias were pro- 
spectively assessed in 42 patients with Idlopathic 
dilated cardiomyopathy. All patients underwent 
24-hour, long-term electrocardlographic (Holter) 
monitoring and 30 were analyzed by a signal-averag 
Ing vectorcardiographlc procedure at entry into the 
study. Their response to programmed electrical 
stimulation during basic right ventricular pacing was 
investigated using 1 and 2 ventricular extrastimull. 
A monomorphic tachycardia was not Induced In any 
patient. in 36 patients (8696) polymorphic ventric- 
ular arrhythmias were Initlated. Three or more in- 
duced consecutive ventricular premature complexes 
occurred In 9 patients (2196), nonsustained poly- 
morphic ventricular tachycardia In 2 (4.896) and 
ventricular fibrillation In 1 patlent (2.4% ). There was 
no association between electrically induced poly- 


morphic ventricular arrhythmlas and the degree of 
impairment of left ventricular function. Furthermore, 
the Incidence of induced ventricular arrhythmias 
was not related to the Lown grade or to the total 
number of ventricular premature complexes during 
Holter monitoring. A late potential was detected by 
the averaged vectorcardlogram In only 1 of the 30 
patients. During follow-up (mean 16 + 7 months) 7 
patients died, 5 from chronic congestive heart failure 
and 2 from sudden cardiac death. No patient had an 
electrically induced arrhythmia of 3 or more 
ventricular premature complexes. Thus, in most 
patients with Idiopathic dilated cardiomyopathy, 
programmed electrical stimulation of the right 
ventricle with up to 2 extrastimull falls to reproduce 
an electrophysiologic correlate to the frequent 
ventricular arrhythmias. 

(Am J Cardlol 1985;56:337-341) 





Recently we reported on the prognostic impact of 
spontaneous ventricular arrhythmias and hemodynamic 
variables in 74 patients with idiopathic dilated cardio- 
myopathy (IDC).! To identify patients who are at risk 
for sudden cardiac death, specific criteria for the in- 
Bn Saag of the 24-hour electrocardiogram (ECG) 

r other techniques capable of detecting ventricular 
deccal instability are required. Signal averaging of 
the high-frequency components of the QRS complexes 
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appears to be a promising noninvasive technique for 
detecting patients at risk of sustained ventricular 
tachycardia.?-9 The incidence and clinical significance 
of these signals in patients with IDC are unknown. 
Another technique found to be useful to study patients 
with coronary artery disease and IDC at risk for sudden 
cardiac death is programmed electrical stimulation of 
the heart.9-? 

Whether these techniques can be either useful in a 
greater population of patients with IDC to evaluate 
ventricular electrical instability and their degree of 
susceptibility to die suddenly is not known. This study 
determines in an unselected group of patients with IDC 
whether programmed electrical stimulation of the heart, 
either alone or combined with noninvasive techniques 
such as signal averaging and Holter monitoring, can be 
useful to assess the degree of ventricular electrical in- 
stability and risk of sudden cardiac death. 


. Methods 


Forty-two consecutive patients diagnosed as having IDC 
according to the criteria proposed by Goodwin and Oakley 
were studied after they gave informed, written consent. The 
patients represent a subgroup of 74 patients with IDC previ- 
ously investigated! and were studied by programmed electrical 
stimulation only by a later time of admission to our hospital. 
Thirty-eight patients were men and 4 were women, mean age 
45 + 9 years (range 10 to 64). At entry of the study all under- 
went right- and left-sided cardiac catheterization, including 


"measurements of right and left ventricular pressures, cardiac 


index, left ventriculography using simultaneous biplane views, 
and coronary cineangiography. 

Patients also underwent M-mode and 2-dimensional 
echocardiography (Varian 3400, transducer 2.25 MHz, 2 cm 
in diameter, unfocused) and radionuclide angiography 


- (first-pass technique). The clinical, hemodynamic and an- : 


giographic criteria for the study patients are as described 
previously.! 
Electrophysiologic study: Patients were in the postab- 


sorptive and nonsedated state. All antiarrhythmic drugs had 


been withheld for at least 4 half-lives. A quadripolar catheter 
(electrode distance 1.0 cm) was introduced into the femoral 
vein and placed in the right ventricular apex. An intraven- 
tricular electrogram was recorded from the proximal 2 poles 
of the catheter, together with the standard electrocardio- 


graphic leads I, aVF and Vj. The distal 2 poles of the quadri-: 


polar catheter were used for pacing. All signals were recorded 
simultaneously on a 8-channel jet recorder (Mingograph, 
Siemens Elema). Programmed electrical stimulation was 
performed with a conduction system analyzer (Medtronic, 
5325). The stimuli were 1.8 ms in duration and twice diastolic 
threshold (less than 3 mA). The stimulation protocol was the 


: game in all patients and included the introduction of single 


and double ventricular extrastimuli at a basic drive of 500, 600 
and 430 ms. After every 8 beats 1 premature stimulus (S4) was 
introduced late in diastole and then progressively shortened 
by 10-ms steps until ventricular refractoriness was reached. 
Thereafter, So was set 20 ms outside the effective refractory 
period. A second extrastimulus (S3) was added 300 ms after 
S» and scanned at 10-ms intervals up to the refractory period 


of the right ventricle. The endpoints of testing were the ini- 


tiation of 5 or more nonpaced consecutive ventricular pre- 
mature complexes (VPCs) or each extrastimulus brought to 
its refractory period.19:11 

Definitions: For the purpose of this study the following 


definitions were used!* Electrically induced ventricular . 


premature complexes—V PCs 0 to 2: up to 2 nonpaced con- 
secutive VPCs; VPCs 3 to 5: 3 to 5 nonpaced consecutive 
VPCs. 

HV intervals were not measured and no effort was made to 


. distinguish between intraventricular or bundle branch 


reentry. 

Nonsustained polymorphic ventricular tachycardia 
(VT)—986 or more VPCs with a rate more than 100 beats/min 
and a well defined QRS complex in the surface leads with 
continuous changes in axis and morphology, lasting less 
than 30 seconds and with no intervention required for 
termination. 

Ventricular fibrillation (VF): ventricular arrhythmias with 
disorganized electrical activity in the surface electrocardio- 


‘gram and no clear identifiable QRS, complexes. 


The definition of sustained monomorphic VT and sus- 
tainment of VT are as reported previously.1? 

Signal averaging: Determination of late potentials from 
the body surface with high-gain amplification and the signal 
technique was performed using the Marquette system. The 
computer uses a set of 3 bipolar, 3 augmented electrodes to 


internally construct 6 leads which represent vectors at 30° 

increments in a plane defined by the 3 electrodes. A horizontal 

plane was formed by V;, V4 and Vg chest leads and the frontal 

plane was formed by the right and left shoulders and the left 

inguinal region. In each patient, 256 to 512 consecutive cardiac 

cycles were summed. By means of a pattern matching tech- 

nique only cycles that corresponded to more than 95% “fit” 

were accepted. Thus, noisy, aberrant cycles and ventricular 

arrhythmias were not averaged. The sampling rate was 2,000 

samples/s and the resolution was thus less than 0.5 ms. The 

trigger point is based on the earliest onset of QRS activity. The 

total system gain was 1 X 105. Output filtration consisted ef 
a Butterworth low-pass filter for the 300 Hz fixed upper fre- 

quency cutoff. High-pass filtration was achieved by 0 phase, 

2-pole digital filters (Butterworth) at 50, 100 and 200 Hz (18 

db/octave). The following filter settings were used: 50 to 300 

Hz, 100 to 300 Hz and 200 to 300 Hz. 'T'he resulting averages 

were recorded on a 3-channel direct-writing recorder at the 

basic sensitivities of 4000 mm/mV (high resolution) and 200 

mm/mV (low resolution) at a paper speed of 400 mm/s. Late 

potentials were identified visually in the high-gain averaged 
recordings as low-amplitude activity appearing at least 10 ms 

after the end of the QRS complex in the low-resolution ECG. 

Furthermore, these potentials had to be present in at least 5 

of the 12 high-resolution electrocardiographic tracings. Using 
these criteria for the definition of late potentials, a good cor- 
relation between the findings with different averaging tech- 

niques has been found.!? 

Holter monitoring: All patients underwent 24-hour Holter 
monitoring at entrance into the study. Perpendicular leads 
approximating leads Vz and Vg were recorded simultaneously. 
'The tapes were analyzed semiautomatically using the Siemens 
Meditape arrhythmia computer. Then, the recordings were 
scanned again visually at 60 times and 30 times real speed for 
detecting complex ventricular arrhythmias (ventricular pairs; 
V'T defined as more than consecutive VPCs at rates of more 
than 100/min). Each arrhythmia event detected was written 


" out in real time on standard electrocardiographic paper. All 


documented arrhythmias were interpreted by 2 independent 
cardiologists. The sensitivity and specificity of the Holter 
analysis has been tested by visual real time analysis and found 
to be more than 90% for VPCs, ventricular pairs and VT. 
Statistical methods: All calculations were performed on 
an Honeywell 66-80 computer using the BMDP program. 
Most data are expressed as mean + standard deviation; only 
the arrhythmic variables (VPCs/24 hours, ventricular pairs/24 
hours, VT/24 hours) are expressed as median values with the 
25th and 75th quantiles because of their asymmetric distri- 
bution. The relation between the results of Holter monitoring 
and of programmed electrical stimulation was analyzed by 
chi-square analysis and Fisher’s exact test. The relation be- 
tween repetitive ventricular responses and left ventricular 
function was analyzed by 1-way analysis of variance. 


Results 


Clinical, electrocardiographic and hemodynamic 
findings: The clinical and electrocardiographic findings 
at entry into the study are summarized in Table I. 

Programmed ventricular stimulation: The results 
of programmed ventricular stimulation are shown in 
Figure 1. In all but 6 patients (86%), a ventricular ar- 
rhythmia was induced by programmed electrical stim- 
ulation. However, 6 or more consecutive VPCs were 
induced in only 3 (7%) patients. One patient had VF 
that required defibrillation and 2 patients had a non- - 
sustained polymorphic VT, which lasted for 8 VPCs in 
1 patient and 43 VPCs in the other (mean cycle length 


TABLE! Characterization of the 42 Patients by Clinical 





and Electrocardiographic Criteria 

n 96 

NYHA classification 
23 5 12 
ll 11 26 
HT 18 43 
8 19 

Surface ECG 

BB 13 31 
RBBB 0 0 
LAH 11 26 
8 19 


AF = atrial fibrillation; ECG = electrocardiogram; LAH = left anterior 
hemiblock; LBBB = left bundle branch block; NYHA = New York Heart 
Association; RBBB = right bundle branch block. 


360 and 195 ms, respectively). A monomorphic type of 
VT was observed in no patient studied. 

There was no association between the results of 
ventricular stimulation and the degree of impairment 
of left ventricular function (Table II). During pro- 
grammed electrical stimulation, 43% of the patients 
received cardioactive medication (digitalis and nitrates). 
The results of programmed electrical stimulation were 
not related to this therapy. 

Holter monitoring: Eighty-eight percent of the 
patients had ventricular arrhythmias. Nineteen percent 
had Lown grade III and 19% Lown grade IVA arrhyth- 
mias. Thirty-six percent of the patients had VT epi- 
sodes (Lown IVB), which were sustained in 2 patients 
(lasting more than 30 seconds). In these 2 patients the 
left ventricular ejection fraction was 38% and 46%. The 
ventricular rate during VT ranged from 108 to 223 
VPCs/min (mean 153 + 28). Seven of 23 patients with 
Lown grade IVA/IVB arrhythmias had more than 20 
episodes of VT or ventricular pairs during 24 hours. 

Signal averaging: A late potential was detected by 
the averaging technique from the body surface in only 
1 of the 30 patients studied. The duration of this late 
potential was less than 20 ms. 

Correlation between programmed electrical 
stimulation and Holter monitoring: The relation 
between ventricular arrhythmias registrated by the 
Holter monitoring and the results of programmed 
electrical stimulation is listed in Table III. No correla- 
tion was found between the number of induced VPCs 
and the grade of ventricular arrhythmia according to the 


TABLE II 

| Ventricular Function 

| 0-2 VPCs 
Induced 

| LVEF (96) 37 X 17 

| LVEDVI (ml/m?) 217 + 63 

LVEDP (mm Hg) 1248 

| Ci (liters/min/m?) 3,340.9 





FIGURE 1. Results of programmed electrical stimulation In 42 patients 
with idiopathic ditated cardlomyopathy. RVR 0—2 and 3-5 = repetitive 
ventricular responses of 0 to 2 or 3 to 5 consecutive ventricular com- 
plexes; NSPVT = nonsustained polymorphic ventricular tachycardia; 
VF = ventricular fibrillation. 


Lown classification. The incidence of responses lasting 
3 to 5 VPCs and VT/VF was similar in patients with 
Lown grade 0, I and II, III and IVA, and IVB arrhyth- 
mias and independent of the number of VPCs observed 
during Holter monitoring. In none of the 15 patients 
with clinically documented VT, i.e. Lown grade IVB, 
was a sustained monomorphic VT induced, neither a 
polymorphic sequence of more than 6 complexes or VF. 
Furthermore, the incidence of induced VPCs lasting 3 
to 5 complexes as well as nonsustained polymorphic VT 
and VF was not related to the number of VPCs or to the 
Lown grade during Holter monitoring. 

Outcome: The mean follow-up for patients was 16 + 
7 months (range 2 to 24) and at least 12 months for all 
subjects who survived. Five patients died of chronic 
heart failure and 2 died suddenly from cardiac causes 
(unexpected death within 1 hour of onset of symptoms). 
The hemodynamic and arrhythmic variables found in 
these patients are listed in Table IV. In none was a 
monomorphic VT induced, nor was a nonsustained 
polymorphic VT or VF initiated. Furthermore, no ab- 
normal potentials were found at averaged vectorcardi- 
ography in this group of patients. All patients who died 
suddenly and 2 of the patients who died from chronic 
heart failure had Lown grade IVB arrhythmias. During 
follow-up no patient received antiarrhythmic or f-re- 
ceptor blocking agents. The medication with digitalis, 


Relation Between the Results of Programmed Ventricular Stimulation and Left 


3-5 VPCs NSPVT, VF 
Induced Induced p Value 
51-6 47 + 17 NS 
173 + 60 160 + 30 NS 
11249 6+ 3 NS 
3.7 + 0.6 2.8 i 0.7 NS 


Comparison between the mean values of the 3 subgroups (PVCs 0—2 or 3-5, NSPVT and VF) was per- 


formed by using a 1-way analysis of variance. 


Cl = cardiac index; LVEDP = left ventricular end-diastollc pressure; LVEDVI = left ventricular end- 
diastolic volume index; LVEF = left ventricular ejection fraction; NS = not significant; NSPVT = nonsus- 
tained polymorphic ventricular tachycardia; VF = ventricular fibrillation; VPCs 0-2 or 3-5 = repetitive 
ventricular response of 0 to 2 or 3 to 5 consecutive ventricular complexes. 


TABLE Ill Relation Between Repetitive Ventricular 


Response and Arrhythmlc Events During 


24-Hour Holter Monitoring 
0—2 VPCs 3-5 VPCs 
Holter/PES Induced induced induced NSPVT, VF. 
Lown œl! 8 1 2 
Lown III/IVA 12 3 1 
Lown IVB 13 2 0 


The analysis was performed by chi-square analysis and Fisher's exact 
test (X? = 3.6, not significant). Arrhythmic events were classified ac- 
cording to the Lown classificatlon. 

NSPVT = nonsustalned polymorphic ventricular tachycardla; PES 
= programmed electrical stimulation; VF = ventricular fibrillation; VPCs 
0—2 and 3-5 = repetitive ventricular response of 0 to 2 or 3 to 5 con- 
secutive ventricular complexes. 


diuretics and nitrates was modified according to the 
clinical situation. 

All patients who died had a severe impairment of left 
ventricular function, with a left ventricular ejection 
fraction below 30%, a correlation which was found to be 
significant in the patients with IDC.! 


Discussion 


This prospective study was directed to answer 3 
questions: What is the incidence of ventricular ar- 
rhythmias induced by ventricular stimulation in pa- 
tients with IDC? What is the clinical and prognostic 
significance of these arrhythmias? What is the rela- 
tionship between the arrhythmias induced by ventric- 
ular extrastimuli and the results of signal averaging and 
Holter monitoring? 

Programmed electrical stimulation can reproducibly 
replicate VT in patients with coronary artery disease 


_ suffering clinically from sustained VT. Among patients 


considered to be at high risk of sudden cardiac death, 
programmed electrical stimulation has been used,!4-!? 
especially in patients who survive out-of-hospital car- 
diac arrest or who have sustained forms of VT.%18 

In patients with IDC considered to be at high risk for 


. life-threatening arrhythmias and sudden cardiac death, 


the experience with programmed electrical stimulation 
is limited.?:19-7 The main purpose of our study was 
therefore to apply ventricular stimulation to a larger 
group of unselected patients with IDC in order to define 
the incidence and potential prognostic impact of in- 


. ducible ventricular arrhythmias in this particular 


population and to compare programmed electrical 
stimulation with other noninvasive techniques such as 
Holter monitoring and signal averaging. 

Incidence and type of repetitive responses in- 
duced: Our results show that an electrically induced 


. ventricular arrhythmia of 6 or more PVCs was observed 


in only 7.1% of patients with IDC. None of these ar- 
rhythmias can be considered a "specific" response to 
uncover an electrophysiologic correlate to the high in- 
cidence of ventricular arrhythmias in these patients. 
The value of VF induced with 1 and 2 extrastimuli is not 
known in patients with coronary artery disease, 2.1923 
and appears more likely to be an unspecific response 
also in patients with IDC. 

These data are similar with those reported by Wellens 
et al?° and Nacarelli et al?! and suggest a very low rate 


TABLE IV Characterization of Patients Who Died During 


Follow-Up 
Cause of Lown Induced Late 
Pt Death LVEF (96) Class VPCs Potential 
1 SCD 13 IVB 1 — 
2 SCD 29 IVB 2 — 
3 CHF 14 IVB 0 — 
4 CHF 18 lil 2 — 
5 CHF 22 IVA 2 — 
6 CHF 18 il 1 — 
7 CHF 24 IVB 0 — 


CHF = chronic heart failure; LVEF = left ventricular ejection fractio 
SCD = sudden cardiac death; VPCs = ventricular premature com- 
plexes. 


of inducibility of sustained episodes of VT in patients 
who present with IDC. Wellens et al”? reported 3 pa- 
tients with IDC of 50 patients studied because of sus- 
tained VT, who, in contrast to patients with coronary 
artery disease, did not have VT inducible by pro- 
grammed electrical stimulation. Nacarelli et al?! in- 
duced a sustained VT in 6 of 37 patients with different 
types of cardiomyopathy; 30 of these patients had IDC 
and 25 had documented VT; further detailed informa- 
tions on VT were not reported. 

In a more recent study on a selected group of patients 
with IDC with a mean ejection fraction of 30% and a 
history of sustained uniform VT, Poll et al? found an 
inducibility rate of 100% for sustained monomorphic VT 
using an extensive left and right ventricular stimulation 
protocol? However, 10 of 11 patients required a stim- 
ulation mode using 3 extrastimuli, a stimulation aite 
different from the right ventricular apex, left ventricular 
pacing or the administration of antiarrhythmic 
agents. 

The incidence of induced VPCs observed in our study 
(79% of patients), and the induction of nonsustained 
polymorphic VT (5%) are a well known phenomenon 
during programmed electrical stimulation, and have no 
relation to clinical arrhythmia even in patients with 
coronary artery disease.1?75:?4 Our results suggest that 
these arrhythmias are nonspecific also in patients with 
IDC. 

Stimulation protocol: The mode and extent of 
ventricular stimulation should be considered when 
analyzing the incidence and significance of induced 
VPOs. In this study 1 and 2 extrastimuli were intro- 
duced during ventricular drive at 3 basic cycle lengths 
in the right ventricle. This is a simple, however, for the 
initiation of sustained VT specific protocol, because it 
has been demonstrated!? that stimulation with more 
than 2 extrastimuli may result in progressively more 
nonspecific responses and some “false-positive” results, 
as well as in an increase in the number of countershocks 
required to terminate induced arrhythmias. Using such 
a nonvigorous stimulation protocol the 2 patients with 
clinically asymptomatic VT during Holter monitoring 
had no inducible sustained VT. Both of them remained 
asymptomatic during follow-up. 

A further aspect we have to consider is the endpoint 
used during programmed electrical stimulation. In this 
study we chose the induction of 5 or more nonpaced 
VPCs as an endpoint.?:!1,24 This will be a matter of 


discussion because of the high-risk profile of this group, 
but otherwise such patients studied had been asymp- 
tomatic with regard to ventricular arrhythmias. How- 
ever, during this study in only 3 of 42 patients was more 
than 5 VPCs an endpoint to terminate the stimulation 
protocol (1 patient with VF and 2 patients with non- 
sustained polymorphic VT), all other patients com- 
pleted the protocol. Furthermore, a stimulation protocol 
similar to ours has been effectively used in many pa- 
‘tients with coronary heart disease with and without 
ventricular tachyarrhythmias?!! and was also used in 
38 patients without detectable heart disease.?* In this 
smaller group of patients 3 or more induced VPCs were 
never observed. 

Relation to the results of signal averaging and 

olter monitoring: The prevalence of late potentials 
in patients with IDC has not been studied systemati- 
cally. This may be because patients with complete 
bundle branch block were excluded from previously 
reported studies. In our patient population 3196 had left 
bundle branch block and 26% had a left anterior hemi- 
block electrocardiographic pattern. Surprisingly, only 
1 of the 30 patients studied showed a late potential. He 
was followed for 12 months and survived. 

Previous studies have shown that late potentials can 
be identified in a much larger proportion of patients 
with documented VT, especially of those with under- 
lying left ventricular akinesia or aneurysm due to cor- 
onary artery disease.*~ By definition, none of our pa- 
tients had such an anatomic substrate. Therefore, we 
believe that the lack of late potentials in this disease is 
the result of a specific underlying anatomic substrate 
and that late potentials cannot be used as an indicator 
of ventricular electrical instability in patients with 
IDC. 

Previous studies have also yielded a high incidence 
of inducible ventricular arrhythmias in patients with 
and without VT and underlying coronary artery disease. 
In this study we found, in patients with IDC, no asso- 
ciation between spontaneous ventricular arrhythmias 
and those induced by programmed electrical stimula- 
tion using a widespread stimulation protocol applied to 
the right ventricle. 

Prognostic significance and clinical implications: 
We previously reported that patients with a severely 
impaired left ventricular function and many ventricular 
pairs or episodes of VT are at risk of dying suddenly.! 
In this study 1 of 2 patients who died suddenly and 1 of 
5 who died of chronic heart failure fulfilled this crite- 
rion. Therefore, this measurement, although neither 
entirely sensitive or specific in the few patients who 
died, may be the best indicator of the risk of dying 
suddenly. However, since one-third of the patients had 
nonsustained VT on ambulatory electrocardiographic 
monitoring and only 1 of them died suddenly, this 
variable was insensitive in predicting sudden cardiac 
death in this group of patients. 

The results of programmed electrical stimulation in 
this study indicate a low inducibility of sustained VT 
in patients with IDC, as well as a lack of prognostic 
impact of the induced repetitive VPCs (fewer than 6 


repetitive VPCs, nonsustained polymorphic VT anc 
VF). In contrast to patients with coronary artery dis 
ease, who either with or without spontaneous VT are 
highly inducible by similar stimulation protocols,” 
programmed electrical stimulation does not serve as ar 
appropriate technique to assess ventricular electrica 
instability in most patients with IDC. 
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CONGENITAL HEART DISEASE 


Prosthetic Repair of Coarctation of the Aorta with | 


Particular Reference to Dacron Onlay Patch Grafts ^ 
and Late Aneurysm Formation s 


PATRICIA M. CLARKSON, MB, FRACP, PETER. W.T. BRANDT, .MB, FRACR, 
BRIAN G. BARRATT-BOYES, ChM, : FRACS, JOHN D. RUTHERFORD, MB, 
‘ALAN’ R. KERR, MB, FRACS, and JOHN M. NEUTZE, MD 


Prosthetic material was:used in the repalr of 


coarctation of the aorta In 72 patients followed for _ 


8 months to 24 years after operation. False aneu- 


rysms occurred late postoperatively In 1 of 17 In- | 


stances when a tube graft was used to replace the 


resected aorta and in 1 of 2 patients when the graft . 
‘bypassed the obstructed area. A Dacron® onlay. 
-patch graft (DOPG) was used In 52 patients as the . 


primary method of repalr, to revise a previous repair 
or as an adjunct to another procedure at the time of 


initial operation. True or false late aneurysm oc- 


Aneurysm formation has béo reported after using 
- synthetic tube grafts! and Dacron® onlay patch grafts 
(DOPG)^- in the repair of coarctation of the aorta: 
: (CoA). This review relates our experience with these 
prosthetic methods of repair of this P 


. Methods 


- Patients who us repair of CoA between 1958 xd Decem- . 
ber 1976 using a synthetic tube or DOPG, either at the initial - 


operation or when the original repair required revision, were 
reviewed with particular attention to late aneurysm formation 


_ in the region of the repair. Seventy-six such operations were 
' undertaken in 75 patients. Follow-up was complete,in 71 of . 
. the 72 patients who left the hospital. | 

.. Assessment was made from posteroanterior and lateral ` ` 

chest radiographs, usually. with the esophagus filled with 


barium. Aortography was not performed unless there was a 


- Buspicion of aneurysm formation or associated cardiovascular . 
problems requiring evaluation late postoperatively. Some 
patients were reviewed by their local physician, but we ex- ' 
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curred between 6 and 18 years postoperatively in . 
5 of the 38 patients In whom a DOPG was used for. . 


primary repair of the coarctation or to revise an 
earller repair, an actuarlal incidence of 38% at 14. 

years. Diagnosis of aneurysm formation late. post-  : 
operatively depends on awareness of this compli- 
cation and careful assessment of lateral as well as — 
posteroanterior chest radiographs. DOPG should be 

avoided whenever possible. | 


(Am J Cardiol 1985; 56: 342-348) | 


‘amined the chest radiographs. Anatomic confirmation of the . 


state of the repair (aortogram, reoperation or autopsy) was 
available in 8 grafts associated with late aneurysm formation, 
in 19 of the 63 grafta where there was no suspicion of aneurysm 
formation, and in 2 additional patients whose radiographs - 
were suspect but no aneurysm seen on aortography. ` 
The follow-up date was the time of reoperation or late death 
or, in survivors without.complications, last clinical review. It 
ranged from 8 months to 24 years (mean 11 years). “Re- 
coarctation” was considered to be present when blood pressure `. 


" inthelegs was more than 20 mm Hg less than that in the arm 


or there, was definite reduction and delay of the femoral 


pulses. 

Dacron tube grafts (n = 21): Twenty-one tube grafts were 
inserted in 20 patients (Table I), either at the initial operation 
(17 cases) or at revision of an earlier repair (4 cases). The graft 
was used to replace the resected aorta (end-to-end) in 17 in- 
stances and it bypassed the obstructed area (end-to-side 
anastomosis) in 4.. 

Late aneurysm formation was noted i in 3 patients (Table 


IH. In 1 patient a dissecting aneurysm was seen proximal 


to the tube graft and in the other 2 patients (1 of whom . 
had a bypass graft) false aneurysms were seen related to the 
anastomoses. 

Dacron onlay patch grafts (n = 52): A DOPG: was used 
for primary repair of CoÀ in 34 patients. In most there was a 
long narrow isthmus, or a high CoA with a short or absent 


isthmus or unimpressive collaterals. In 20 the intimal ridge a 





TABLE | 


No. of 
Op Grafts Age at Op Year of Op <5 yr 
Dacron tube 17 16-64 yr 1958-78 2 
Dacron tube BG 4 19-41 yr 1969-76 
Primary repair DOPG 347. 3 wk-50 yr 1964—76 
DOPG used to revise 4 3—36 yr 1971-76 
earller repair 
REE + DOPG 12 2 wk-20 yr 1965-69 
ScAo + DOPG 2 2 mo 1975-76 
Total 73 


* Dissecting aneurysm proximal to graft. 


Type of Prosthetic Repair and Duration of Follow-Up 


9 


Duration of Follow-Up 


No. with 

5-9 yr 10—14 yr 15-19 yr >20 yr  "Recoarctatlon'"' 

7 3 (1) 2 (1) 3 1 

2 1 (1 
12 15 (2) 4 (2) — 6 

3 (1) 1 e = 0 

1 6 4 — 2 

2 -— — 0 
27 (1 27 (4) 10 (3) 3 9 


t One patient not reviewed but known to be allve 18 years postoperatively. 
BG = bypass graft; DOPG = Dacron onlay patch graft; Op = operation; REE = resection and end-to-end anastomosis; ScAo = subclavian 


aortoplasty. 

was excised. In 4 patients a DOPG was used at reoperation for 
residual or recurrent CoA. An additional 14 patients who had 
the CoA repaired by resection and end-to-end anastomosis 
(12 cases) or a subclavian aortoplasty (2 cases) and who had 
a significant residual gradient across the anastomosis mea- 
sured at the end of operation had an elliptical path of Dacron 
placed across the front of the anastomosis to widen it. 

Patients have been followed up to 18 years after operation. 
Aneurysms—both true, occurring in the aorta opposite the 
DOPG or false, in relation to the sutured patch—have been 
recognized in 5 patients late postoperatively (Table IIT, Fig. 
1 and 2). In 4, who had had primary repair, the diagnosis was 
made when they were recalled for review during this investi- 
gation. Only 1 patient was symptomatic—hoarseness had 
developed over the preceding year. In each there was abnor- 
mality of the aortic contour seen on posteroanterior and lateral 
chest radiographs in the region of the repair and aneurysm was 
confirmed by aortography. Careful review of pre- and post- 
operative radiographs indicated that the diagnosis could have 
been made earlier had there been a higher degree of awareness 
of the possibility of this complication. Successful resection of 
the aneurysm was undertaken in each using a Gott shunt. The 
fifth patient presented 8 years after revision of the initial re- 
pair with a DOPG with a ruptured false aneurysm 10 days 
after the development of superficial sepsis and died after re- 
operation. Infection of the graft was not found. In retrospect, 
there was evidence of aneurysm on the chest radiograph 2 
years earlier. 

Anatomic confirmation of the state of the repair was 
available i in 17 of the 47 patients without evidence of late an- 
eurysm formation. In 2 patients aortography was performed 
because the chest radiograph showed minor irregularity. Late 
aneurysms have not been recognized when a DOPG was used 
in association with end-to-end anastomosis or subclavian 
aortoplasty. 

In patients undergoing primary repair of the CoA with a 
DOPG the development of aneurysm late postoperatively 
appears to be related to the age at operation and the duration 
of postoperative follow-up (Table IV). Obvious late aneurysm 
was diagnosed in 21% of the 19 patients whose follow-up ex- 
tended beyond 10 years. All were older than age 15 years at 
the time of the primary repair. In restrospect, aneurysm for- 
mation was apparent on chest radiographs obtained earlier 
in all but 1 patient (‘Table III), the size usually increasing over 
the years. Review of x-rays obtained in the early postoperative 
years indicated they did not date from the time of opera- 
tion. 

The data relating to late aneurysm formation in patients 
undergoing DOPG alone is also presented in an actuarial 
manner (Fig. 3) according to when the diagnosis was obvious 
on the chest radiograph, although as noted in practice the 


TABLE l| Late Aneurysms After Repair with Dacron Tube 
Grafts 
Age at Aneurysm 

Pt — Op (yr) (yr Postop) Comment 

1 19 16 Dissecting aneurysm proximal 
to tube graft; died at 
attempted repair 

2 41 8 False aneurysm related to 
bypass graft; successful 
reoperation 10 years postop 

3 51 10 False aneurysm from distal 
anastomosis with 
aorta-bronchlal fistula; 
successful reoperation 10 
years postop 

Op = operation; Postop = postoperative. 


diagnosis was not usually made until further time had elapsed. 
The probability of late aneurysm formation was 3% (standard 
error of the estimate + 3%) and 38% (standard error of the 
estimate + 16%), 10 and 14 years after operation. 


Discussion 


In the period from 1958 to 1976, most patients older 
than age 1 year with CoA have had it repaired by the 
classic end-to-end anastomosis technique. However, 
in some patients the anatomy of the CoA made this 
approach less suitable and alternative methods of repair 
were used. 

False aneurysm may develop early postoperatively 
(within months)9 regardless of the method of repair, 
and presumably relates to surgical technique or infec- 
tion.9-19 No instances of early postoperative aneurysm 
were recognized in the patients reported here, or in a 
larger group reported elsewhere.” 

Late postoperative aneurysms may occur either as 
part of the natural history of the disease!! or related to 
the repair. Although it is largely only of historic interest, 
aneurysmal dilatation of aortic homograft tube grafts 
has been encountered very late postoperatively;1^1? we 
saw.this complication in 1 of 4 patients whose CoA was 
repaired in this way before 1958. As noted in this review, 
proximal aortic dissection may be seen after resection 
and end-to-end anastomosis!‘ or other types of repair, 
and false aneurysms can occur after repair using Dacron 
tube grafts.1:8:11.15 These are largely due to compliance 
mismatch between the graft and host artery, which 


Late Aneurysms After Dacron Onlay Patch Grafts =~ 


TABLE Ill 


Chest Radiograph (yr Postop) 


Op 


(Suture 


Age 


at Op 


Reoperation 
Aneurysm opened and 


Findings 


True aneurysm, 5 cm dlameter, at 


Reoperation 
(yr Postop) 


Material) 
1° DOPG (silk) 


Anatomy 
Short lstnmus; 


kinking of aorta 


Satisfactory Aneurysm Diagnosis 


17 


11 


"4 


15 


resected 


site of a kInk in the aorta adjacent 
to the repair; DOPG suture line 


intact 


end-to-end anatomoslis 


Excision aneurysm; Dacron 


tube graft 


False aneurysm involving left lateral 
aortic wall at patch/aortic suture 


11 
line, resulting In aortic diameter 
twice sonnel 


10 


10 


False thin-walled aneurysm (5 X 3 


cm) anteriorly due to dehiscence of 
rightward edge of suture line; true 


14 


14 


10 


aneurysm due to symmetric 


dilatation of remainder of aorta 


4 cm dlameter, originating from 
medial suture line; true localized 


False localized saccular aneurysm, 


18 


13 


(silk) 


fusiform aneurysma! dilatation due 


to diffuse sch cael of aorta 
opposite the false aneurysm 


Hemothorax; ruptured false 


“Recoarctation” 


Dacron tube graft 


aneurysm, extensive detachment 


of Dacron patch 


revision of previous repair with Dacron onlay patch graft; ex 


2 wk 


2° DOPG 
(prolene) 


36 


primary repair with Dacron onlay patch graft; 2? DOPG 


excision of intima; LSC = left subctavian; 


1° DOPG 
Op = operati 


produces abnormal stresses in the region of the anas- 
tomosis, especially in end-to-side site grafts.151? Thus, 
when tube grafting is necessary, this should be an in- 
terposition (end-to-end) and not a bypass (end-to-side) 
graft. 

The technique using DOPG was introduced in 1957,18 
but there is limited information regarding the late 
outcome (Table V). Walter et al? reported 5 late aneu- 
rysms, encountered an average of 10 years postopera- 
tively. Bergdahl et al? updated the earlier experience 
at the Karolinska Institute" and noted that in 3 patients 
with late aneurysms 4 to 12 years after DOPG, the an- 
eurysms arose from the aortic wall opposite the graft. 
The predilection for late aneurysms to occur opposite 
the patch was also observed by Ala-Kulju et al,* who 
noted that 15 of the 17 late aneurysms found 3 to 13 
years postoperatively in 67 hospital survivors were at 
this site. T'wo of our patients had aneurysmal dilatation 
of the aorta opposite the graft, but in addition, each also 


, had a false aneurysm arising from the graft suture line. 


The variable incidence of late aneurysms (Table V) may 
be related, in part, to the short duration of follow-up of 
many patients in some series. 

It has been suggested that late aneurysm formation 
opposite the DOPG is related to increased postoperative 
aortic wall tension being transmitted by the rigid graft 
to the more elastic abnormal aortic wall opposite the 
graft.^" Resection of the intimal ridge may also weaken 
the aortic wall, as may persistence of ductal tissue in the 
medial part of the aortic wall.^* Abnormal hemody- 
namic stresses may also be developed at the aortic-graft 
suture line, leading eventually to false aneurysms at this 
site. Venturini et al,2* who used an additional external 
graft in adults to protect the suture line, did not en- 
counter late aneurysms (‘Table IV). The type of suture 
material used in this series varied and was unrelated to 
late aneurysm formation (Table III). | 

Rupture of a false aneurysm occurring late postop- 
eratively after DOPG has been attributed to infection,” 
which may have precipitated rupture of a false aneu- 


rysm in 1 of our patients who, in retrospect, had radio-. 


logic evidence of an aneurysm several years earlier. 

In none of the 14 patients in whom DOPG was used 
in conjunction with resection and end-to-end anasto- 
mosis or subclavian aortoplasty have aneurysms de- 
veloped. Although only a few patients have been man- 
aged in this way, the absence of this complication may 
be attributable to the smaller-sized patch used in these 
cases. 


^ 


TABLE IV Primary Repair of Coarctation Dacron Onlay 


Patch Grafts 
Duration of Follow-Up (yr) 
Age at Op E ee oe 
(yr) No. of Pts. <5 5-9 10-14 15-19 
<5 7 1 1 2 ay 
5-9 — 2 4 — 
10-18 10* — 4 3 2 (1) 
20-29 7 1 1 4 (1) 1 
30 4 = 1 2 (1) 10) 
Total 34 2 12 15 (2) 4 (2) 
* One patient not reviewed. 


Figures In parentheses are number of patients with aneurysms. 
Op = operation. 


^ 








The diagnosis of aneurysm formation late postoper- 
atively depends on an awareness of this complication 
and careful comparison of late postoperative post- 
eroanterior and lateral chest radiographs with those 
taken before operation and in the earlier postoperative 
period. Careful scrutiny of the lateral film is essential 
(Fig. 2). We had thought that films with the esophagus 
filled with barium might be a more sensitive indicator 
of the development of aneurysms, but in practice this 
did not prove to be so. It was elected to confirm diag- 
mosis using aortography but CAT scanning may prove 
an acceptable alternative. 

Resection of aneurysms that are apparent late post- 
operatively is advisable because of the hazard of rup- 
ture.2525 The use of a Gott shunt or an alternative 
technique for spinal cord protection, such as femoro- 
femoral or left atrial-femoral bypass is required to 
prevent paraplegia. Reoperation is usually successful 
but has been noted to be associated with a high inci- 
dence of vocal cord paralysis.‘ This was noted in 1 of our 
patients before operation and in 1 patient postopera- 
tively. 

It has been suggested that DOPG could be used to 
repair CoA in patients in whom resection and end-to- 
end anastomosis would be expected to give a satisfactory 
result.192023 However, the data presented here and 
elsewhere* indicate that this approach is inadvisable, 
because 4 of the 19 patients (21%) in this series whose 
follow-up extended beyond 10 years after primary repair 
of CoA using a DOPG had obvious aneurysms. Com- 
parison of repair of CoA in infants and children in whom 
either resection and end-to-end anastomosis or DOPG 
was used showed no significant difference in anasto- 
motic gradients at follow-up in the 2 groups.?? The use 


FIGURE 1. Patient 4 (Table lil). A, posteroanterior chest radiograph 7 


months after operatlon showing normal aortic contour. B, 17 years 
postoperatively, a localized soft tissue opacity (arrow) projects from 
the aortic arch. C, aortogram in anteroposterior projection showing 
aneurysm (arrow) corresponding to abnormality In B. 





H 


August 1, 1885 


of large synthetic onlay patch grafts of either Dacron or 
other material to repair CoA in infancy?9' is not réc- 
ommended despite the fact that late aneurysm forma- 
tion has not yet been recorded in our material or by 
others in this age group.” When DOPG is used patients 
should be kept under periodic review because of the 
high incidence of late aneurysm formation. 
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TABLE V Follow-Up of Dacron Onlay Patch Grafts 


No. of 
Author Year Year of Op Pts. 
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Late Duration FU Age at Op 

Aneurysms (yr) (yr) 

0 NK 0—53 

0 0-12 0-65 

0 0-4 NK 

5 NK 2—58 

0 0-14 NK 

3 4—12 17-33 

0 1-12 0-16 

(median 4 yr) 
17 2-14 15-54 e 
(mean 8 yr) 


* Selected series of patlents with late postoperative problems. 


FU = follow-up; Op = operation; NK = not known. 





FIGURE 2. Patlent 2 (Table Ill). Lateral chest radiograph 10 years 
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FIGURE 3. Actuarial incidence of late aneurysm formation after Dacron 
onlay patch grafting used for primary repair of coarctation or revision 
of earller repalr. Bars Indicate Standard Error. The numbers below the 
graph refer to patients at risk for each time period. 
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Detection of intracardiac Shunt Flow in Atrial Septal Defect 
Using a Real-Time Two-Dimensional Color-Coded Doppler 
Flow Imaging System and Comparison with Contrast 


| Two-Dimensional Echocardiography 
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To evaluate the noninvasive detection of shunt flow 
using a newly developed real-time 2-dlmensional 
color-coded Doppler flow imaging system (D-2DE), 
20 patients were examined, including 10 with se- 
cundum atrial septal defect (ASD) and 10 control 
subjects. These results were compared with con- 
trast 2-dimensional echocardiography (C-2DE). 
Doppler 2DE displayed the blood flow toward the 
transducer as red and the blood flow away from the 
transducer as blue in 8 shades, each shade adding 
green according to the degree of varlance in Doppler 
frequency. 

In the patients with ASD, D-2DE clearly visualized 


No good method has been available for visualizing in- 
tracardiac shunt flow using noninvasive techniques 
except for contrast echocardiography with peripheral 
venous injection of contrast medium.!? Using an 
echocardiographic technique with venous contrast in- 
jection, shunt flow can be detected.?* However, this 
procedure is minimally invasive and the results are often 
affected by several factors, such as injection technique 
and patient position. 
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left-to-right shunt flow In 7 of 10 patients. In 5 of 
these 7 patlents, C-2DE showed a negative contrast 
effect in the same area of the right atrium. Thus, 
D-2DE Increased the sensitivity over C-2DE for 
detecting left-to-right shunt flow (from 50% to 
7096). However, the specificity was slightly less in 
D-2DE (90%) than C-2DE (100%). Doppler 2DE 
could not visuallze right-to-left shunt flow in all pa- 
tlents with ASD, though C-2DE showed a positive 
contrast effect In the left-sided heart in 9 of 10 pa- 
tlents with ASD. Thus, D-2DE Is clinically useful for 
detecting left-to-right shunt flow in patients with 
ASD. (Am J Cardlol 1985;56:347-350) 


Since the pulsed Doppler technique has been devel- 
oped, intracardiac shunt flow can also be analyzed by 
this method. The pulsed Doppler technique combined 
with M-mode and 2-dimensional echocardiography 
improves direct detection of shunt flow,®’ but it re- 
quires a significant amount of time in mapping abnor- 
mal signals at various sites in cardiac chambers. 

Recently, a real-time, 2-dimensional, color-coded, 
Doppler flow imaging system (D-2DE) was studied.® It 
was developed by Namekawa et al? and introduced in 
clinical practice by Omoto et al!9 and Nimura et al. 
The D-2DE technique can easily visualize real-time 
2-dimensional intracardiac flow pattern instanta- 
neously. This study shows the usefulness of D-2DE in 
detecting shunt flow in atrial septal defect (ASD) 
compared with 2-dimensional contrast echocardiogra- 
phy (C-2DE). 


Methods 
'" Study group: The study included 20 consecutive patients 


' ,who were referred to Kyoto University Hospital and Takeda 


Hospital for cardiac catheterization or 2-dimensional echo- 
cardiography, or both, between March and September 1984. 
The 10 patients in group 1 (4 females and 6 males) had clinical 


and chest x-ray findings that suggested secundum ASD. The ` 
- mean age of this group was 39 years (range 15 to 73). Eight 
: patients in group 1 had diagnostic right-sided cardiac cathe- 


‘terization with blood oximetry within 7 days of this study. The 
other 2 patients had diagnostic catheterization a few years ago 
and blood oximetry was not available. Two patients with an 
ASD had surgical repair, and D-2DE was performed before 


and after surgery. 


Group 2 included 10 control subjects (3 female, 7 male) 
without ASD. The mean age was 51 years (range 6 to 70). 
Equipment: We used a commercially available D-2DE 


'^ (Aloka SSD 880). This unit contains a 2-dimensional sector 
' gcan, pulsed Doppler echocardiography, and a newly devel- 


oped D-2DE. The 2-dimensional sector scan is a wide-angle, 
phased-array system with 2.5- and 3.5-MHz transducers. The 
pulse repetition frequency of the pulsed Doppler system is 4, 
6 or 8 kHz. We generally used the 3.5-MHz transducer with 
a pulse repetition frequency of 4 kHz. Frequency analy- 
sis of the Doppler signals is performed by fast Fourier 
transformation and by a newly developed D-2DE, using 


. an autocorrelator with a high-speed calculator and color 


processor. 

In the former, 1 sample volume is selected in the 2-dimen- 
sional echocardiographic i image, and the frequency analysis 
of the Doppler signals in this position is displayed as flow 
toward or away from the transducer with simultaneous M- 
mode echocardiography. In the latter, the Doppler signals 
from 450 sampling areas by 1 beam are autocorrelated. 'l'hen, 


the direction and mean velocity of the blood flow and its dis- 


persion in each sampling area are calculated. After this 
information is obtained.in 32 beams, it is displayed as a 
color-coded system on the simultaneous 2- dimensional 
echocardiographic image. 

In brief, 3 kinds of information about the intracardiac flow 
pattern are available. First, flow toward the transducer is 
visualized as red and flow away as blue. Second, the intensity 
of each color (red or blue) increases according to the increased 
flow velocity and is displayed in 8 shades. Flow velocity of less 


than 0.03 m/s is visualized as black. The highest flow velocity . 


detectable in this system is 0.46, 0.69 and 0.92 m/s by the re- 
spective pulse repetition frequencies of 4, 6 and 8 kHz. Third, 
grading of the dispersion of obtained flow velocity is visualized 


. as a mixed color by the addition of green. Thus, flow toward 


the transducer with a large dispersion is yellow (red plus 
green) and flow away with a large dispersion is cyanic blue 


- (blue plus green) (Fig. 1). 


Evaluation of intracardiac shunt flow: Patients were 
examined while i the supine and slight left lateral positions. 


. The transducer was placed in the third or fourth intercostal 
space at the left sternal border to visualize the short-axis plane 


of the heart at the level of the aortic root, which includes the 
right ventricular outflow tract, aorta, tricuspid valve and both 
atria. In this position, shunt flow from the left to the right 


_ atrium, crossing the interatrial septum, and shunt flow from 


the right to the left atrium were carefully evaluated. 
Next, the transducer was turned to obtain the parasternal 


. 4-chamber view, and then positioned at the apex to obtain the. 


apical 4-chamber view. In these 2 planes, a careful search for 
shunt flow was performed. 

. In the patients with ASD, the presence of the color-coded 
shunt flow crossing the atrial septum was evaluated in mul- 
tiple planes. The positive finding of shunt flow was graded as 
2- (clearly visible shunt flow in the entire portion of an atri- 


- 


. um) and 1+ (visible shunt flow, but-in a small portion of an 


atrium). 

In the control group, shunt flow was examined in multiple 
planes by the same method. _ 

Contrast 2-dimensional echocardiography: The 2- 
dimensional sector scan examination was performed in the 
parasternal long-axis view, the short-axis view, parasternal 
4-chamber view and apical 4-chamber view. Saline solution 
was then injected in a volume of 10 ml into the antecubital 
vein. Adequate images of microbubbles in the right side of the 
heart were obtained in all patients. In group 1, C-2DE was | 
performed in all views to visualize a negative contrast efféct 
in the right atrium for detecting left-to-right shunt at the 
atrial level, or to visualize a positive contrast effect in the 
left-sided heart for detecting right-to-left shunt. The grad- 
ing of right-to-left shunting was qualitatively estimated as 
slight (1+) and more-than-moderate (2+), as previously 
reported. !2-15 

In group 2, C-2DE was also done in multiplane views as in 
group 1. 

All D-2DE and C-2DE studies were stored on videotape 
using a Sony VO-5800 videocassette recorder for playback and 
data analysis. T'hese data were evaluated by 3 observers, and 
final judgment was established when 2 or 3 observers 
agreed. 


Results 


The D-2DE, C-2DE findings and other clinical find- 
ings in patients in group 1 are listed in T'able I. 

Group 1: The range of left-to-right shunt was 34 to 
74% by blood oximetry. In 4 of 8 patients, a right-to-left 
shunt ranged from 8 to 27%. D-2DE visualized left- 
to-right shunt flow in 7 of 10 patients (5 with grade 2+, 
2 with grade 14-), but right-to-left shunt flow could not 
be visualized in any of them. 

However, C-2DE visualized left-to-right shunt flow 
as a negative contrast effect in the right atrium in 5 of 
10 patients, and a negative contrast effect also was seen 


in the same area where D-2DE displayed the shunt flow 


(Fig. 2). Contrast 2DE showed a positive contrast effect 
in the left atrium (right- to-left shunting of the contrast 
in the atrial level) in 9 of 10 patients (5 with grade 2+, 
4 with grade 1+). In 2 patients who had surgical repair, 
left-to-right shunt flow that had been detected by 
D-2DE before surgery disappeared after surgery. 

Group 2: In one 6-year-old patient, with a coronary 
arteriovenous fistula D-2DE showed an equivocal left- 
to-right shunt flow pattern in the right atrium, but 
C-2DE demonstrated no negative contrast in the right 
atrium. In this patient, normal inflow from the superior 
and inferior vena cava in the right atrium was difficult 
to differentiate from abnormal shunt flow. 

In other patients, there were no abnormal findings by 
D-2DE and C-2DE. 

Sensitivity and specificity in deiectis left-to- 
right shunt flow in atrial septal defect: For detection 
of left-to-right shunt flow in ASD, D-2DE had a higher 
sensitivity (70%) but less specificity (90%) than with 
C-2DE (60% and 100%, respectively). 


Discussion 


Atrial septal defect: In the noninvasive detection 
of shunt flow in patients with ASD, some investiga- 
tors!2-16 reported the clinical usefulness of 2- dimen- 
sional and M-mode echocardiography with peripheral 
contrast injection. Generally, the detection rate of 
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GURE 1. Real-time, color-coded Doppler flow image of the left : , 
icutar cavity In a normal subject. Top, apical long-axis view during 

le. Flow away from the transducer is visualized in blue. Bottom, FIGURE 2. Contrast 2-dimensional echocardiography Image (top), arx 

apical long-axis view during diastole. Flow toward to the transducer is. ‘ arealtime, color-coded, Doppler flow image (bottom), in a patient wit 

sualized in red. AO = TUNE aorta; LA = left atrium; LV= = left secundum atrial septal defect. A negative contrast effect in the righ 

' atrlum (RA) Is visualized (arrows). In the same area, left-to-right shun 


flow, which is colored red, is visuallzed by a real-time color-code 


| rn P wit uy l Doppler flow Image (arrows). Blue is seen in the center of the, shun 
| . flow as the result of the allasing phenomenon. AO = aorta; CONTRAS 
= contrast 2-dimensional echocardiography; DOPPLER = a real-time 

color-coded Doppler flow Image; RV = right ventricle. ' 


TABLE! Clinical, Real-Time, Two-Dimensional, Color-Coded, Doppler Flow Imaging and 
Contrast Two-Dimensional Echocardiographic Findings in Patients with Atrial 


Septal Defect 
Calculation of Shunt  . ' i 
l Ratio by Oximetry (%) ph s D-2DE C-2DE 
ie): = SS s 
Pt & Sex L-*R , RL LR RL LR ROL 
1 15M 69 0 29 0 T 1+ 
2 24M — | — 0 0 0 2+ 
3 |. 25M 74 0 2r 0 + i+ 
4. 30F 34 , 27. zb 0 $ 0 
R 5 34M . 68. *8 2+. 0 + 1+ 
oe 6 42M . 45 ' 21 NEUE 0 0 - 2+ 
A 7 43F 37 45 0 0 0 2+ 
8 50F 47 Q0. 0 0 0 2+ 
9 53M '" «. 65 | 0: 2+ 0 T 1+ 
10 73F  . — me cu. 88 46 0 0 2+ 
C-2DE = mali 2-dimensional echocardio graphy; D-2DE = real-time 2-dimensiona! Doppler flow 
= loft shunt flow (L->R shunt ratio = L->R shunt flow/total pulmonary flow); R—L 


l Pe cog vai 
: = right-to-left shunt flow (R—L shunt eae Ro. shunt ER TE flow), cae fed Q= eeni 
7 i no Information avallable- l 
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. right-to-left shunt flow using a positive contrast effect . 


in the left side of the heart, was high,1?-16 but the de- 
- tection rate in left-to-right shunt flow using a negative 
`- .contrast effect in the right atrium varied among the 


^. reports. Weyman et al!? reported that a negative con- 


trast effect in the right atrium was found in 9 of 11 pa- 
tients with ASD and a positive contrast effect in the left 
side of the heart was found in 2 patients. However, 

. Fraker et al!? performed contrast 2-dimensional echo- 
cardiography in 11 patients with ASD and reported that 
a negative contrast effect in the right atrium was found 
in only 3 patients with a positive contrast effect in the 
left-sided heart. These patients with a negative contrast 
. effect did not have large left-to-right shunt compared 
: with the others. . 

Using C-2DE in our study, 9 of 10 patients with ASD 
had a positive contrast effect, but only 5 patients had 
a negative contrast effect. 

. " Compared with C-2DE, we could visualize left-to- 

right shunt flow by D-2DE in 7 of 10 patients with ASD. 
In patients with a large left-to-right shunt (more than 
. 60%), it was usually easy to visualize left-to-right shunt 
flow. We had false-negative results for detecting left- 
to-right shunt flow in 3 patients with ASD. All 3 patients 


had 2+ right-to-left shunt flow by C-2DE, and 2 of them 


had severe pulmonary hypertension. In these patients, 
the low velocity of left-to-right shunt flow is expected. 
` It may be difficult to visualize the flow with our tech- 
nique because slight, colored flow easily disappears with 
- gain setting. Another possible reason is the physical 
properties of those patients. Because of them, proper 
angulation between a transducer and the shunt flow 


may not be obtained and the shunt flow cannot be well : 


visualized. | | 

We do not know why we could not visualize right- 
to-left shunt flow. One reason may be that the number 
of our patients was limited and the right-to-left shunt 
ratio in our patients was relatively small. Kyo et al!” 
reported that bidirectional shunt flow was visualized 
in patients with ventricular septal defect or tetralogy 


. . of Fallot. by D-2DE; this problem will need further 


suey. 

Clearly, noninvasive detection of ASD by C-2DE, a 
ponty contrast effect in the left side of the heart, with 
additional findings of right-sided volume overload, is 
important and is still a standard practical diagnostic 
finding. However, there were some problems with C- 
. 2DE. First, multiple injections were required, because 


individual injections resulted in variable contrast vis- - 


ualization, causing possible contrast reactions in the 
patients. Second, a recent report suggests that a positive 
contrast effect in the left side of the heart was detected 
^ jn even healthy subjects with a patent foramen 
` ovale.1891? Therefore, direct visualization of left-to-right 
shunting becomes important for definite detection of 
. ASD. Doppler 2DE imaging, which can easily visualize 
direct left-to-right shunt flow, may be a complementary 
. examination to C-2DE for detecting ASD. 

Limitation of real-time 2-dimensional color- 


`- coded Doppler flow imaging: The D-2DE technique. 


in this study is principally based on a pulsed Doppler 
^ system, and it has some intrinsic limitations. First, re- 
verse blood flow color display (aliasing phenomenon) 


can occur if the velocity of blood flow exceeds the limit 
of the equipment. However, this artifact is recognizable. 
because it generally occurs in the center of the blood 
flow. Second, the gain setting of the displayed color is 


variable. We set it so that the artificial color-coded flow ` 


in the cardiac cavity disappears, but it may affect in- ` 
tracardiac flow imaging when we estimate it qualita- 
tively. Third, further examination of the displayed in- 
tracardiac flow pattern is still necessary in normal 


subjects. Generally, there is no visible abnormal color- 


coded flow in the right-sided heart in the normal adult. 
However, color-coded imaging of the inflow blood to the 
right atrium can appear rarely as in equivocal left-to- 
right shunt flow noted in 1 of our patients; Doppler 
signal analysis with simultaneous electrocardiographic 
recording is necessary. This approach can truly identify 
the left-to-right shunt flow occurring during end systole 
and early diastole in true ASD. Further study is re- 
quired.to solve these problems. 
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“When the Ayerst rep ne me 
it costs about 45¢ a day 


I said you can stop right there.” 


Most doctors are pleasantly surprised to learn that the average cost of 
daily therapy with the world’s most widely used beta blocker is so M 
not much more than the cost of a daily newspaper. 


When it's INDERAL (propranolol hydrochloride) tablets you want for 
your hypertension patients, remember to specify Dispense As Written 
(DAW) or Do Not Substitute on your prescriptions. That way, you can 
always be assured they'll get INDERATIZ. Please see next 
page for brief summary of prescribing information. 
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BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 


INDERAL* (propranoloi hydrochloride) Tablets 


CONTRAINDICATIONS 
INDERAL Is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greater than 
first degree block, 3) bronchial asthma, 4) congestive heart failure (see WARNINGS) unlass 
the fallure Is secondary to a tachyarmyihmia treatable with INDERAL. 


CARDIAC FAILURE: Sympathetic stimulation may be a vital component supporting circula- 
tory function in patients with congestive heart failure, and its n y beta blockade may 
precipitate more severe failure. Although beta blockers should ba avoided in overt conges- 
tive heart failure, if necessary they can De used with close follow-up in patients with a history 
of failure who are well compensated and are receiving digitalis and diuretics. Beta- 
adrenergic cen Feo gal do not abolish the inotropic action of digitalls an heart muscle, 

IN PARENTS WI UT A HISTORY OF HEART FAILURE, continued use of beta blocxers 
can, in some cases, lead to cardiac failure. Therefore, at the first sign or tom of heart 
fallure, the patient should be digitalized and/or treated with diuretics, and the response 
Observed closely or INDERAL should be discontinued (gradually if possible). 


IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
ina and. in some cases, myocardial infarction, following abrupt discontinuance of 
INDERAL therapy Therefore, when discontinuance of INDÉRAL is planned the dosage 
should be gradually reduced over at least a few weeks and the patient should be cau- 
tioned nat interruption or cessation of therapy without the physician's advice. If 
INDERAL therapy is interrupted and exacerbation of angina occurs, it usually Is advis- 
abie to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
unrecognized, it may be prudent to follow the above advice in patients considered at risk 
of having occult atherosclerotic heart disease who are given propranotol for other 
. indications. 












Nonallergic Bronchospasm C5. chronic bronchitis, emph 


a) — PATIENTS WITH 
BRONCH TIC DISEASES ULD IN GENERAL NOT RECEIVE BETA BLOCKERS. 
INDERAL should be administered with caution since it may block bronchodilation produced 
bye enous and exogenous catecholamine stimulation of beta receptors. 
MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial, It should be noted, however, that the impaired abihty of 
the heart to respond to reflex adrenergic stimul may augment the risks of general anesthesia 


and surgical pee 
INDERAL, ike other beta blockers, is a competitive inhibitor of beta-receptor agonists and 
its effects can be reversed by administration of such agents, a.g., dobutamine or sop 
terenol. However, such patients may be subject to protracted severe hypotension. Defi 
starting and mainiaining the heartbeat has aiso been reported with beta blockers. 
DIABETES AND GLYCEMIA: Beta-adrenergic blockade may prevent the appear- 
ance of certain premonlitory signs and symptoms (pulse rate and pressure changes) of acute 


Q- 
culty in 


` hypoglycemia in lablle insulin-dependent diabetes. In these patients, it may be more difficult 


to adjust the dosage of insulin. 

THYROTOX! IS: Beta blockade may mask certain clinical signs of hyparthyrokdism. 
Therefore. abrupt withdrawal of propranolol may be followed by an exacerbation of symp- 
toms of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function 


teats. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, tha tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker In one case this resulted after an initial dose of 5 mg 


propranolol, 

PRECAUTIONS 
General: Propranolol should be used with caution in patients with Impaired hepatic or renal 
function. INDERAL Is not indicated for the treatment of hypertensive emergencies. 
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PACTE apor blockade can cause reduction of intraocular pressure. Patients 
NDERAL (propranolol hydrochionde) may interfere with the glaucoma 
screening test Withdrawal may lead fo a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-deplating drugs such as reser- 
pine should be closely observed If INDERAL is administered The added catecholarnine- 

locking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or ortho- 
static hypotenston. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150m day there was no evidence of signifi- 
cant drug-induced toxicity There were no drug-related tumorigenic effects at any of the dos- 
age levels. Reproductive studies In animals did not show any impairment of fertility that was 
attributable to the drug. 

Pregnancy: Prognaney Category C. INDERAL has been shown to be embryotoxic in animal 
studies at doses 110 times greater than the maximum recommended human dose. 

There are no adequate and well-controlled studies in pregnant women. INDERAL should 
be used vare Poona only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers: INDERAL ts excreted in human milk. Caution should be exercised when 
INDERAL is administered to a nursing woman, 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 
Mo adverse effects have been mild and transient and have rarely required the withdrawal of 
therapy 

Cardiovascular: bradycardia; congestive heart fallure; intensification o! AV block; hypoten- 
sion; paresthesia of hands; thrombocytopenic purpura; artenal insufficiency usually of the 

ud type. 
ral Nervous System. Lightheadedness; mental depression manifested by insomnia, 
lassitude, weakness, fatigue, reversible mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation 
for time and place, short-term memory loss, emotional lability slightly clouded sensorium, 
and decteased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarmea, 
constipation, mesenteric arterial thrombosis, Ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasrn and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic’ agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Autoimmune: in extremely rare instances, systemic lupus erythematosus has been 
reporied. 

Miscellaneous. alopecia, LE-like reactions, psoriasiform rashes, dry eyes, male impo- 
tence, and Peyronie's disease have been reported rarety Oculomucocutaneous reactions 
involving the skIn, serous membranes and conjunctivae reported for a beta blocker (practo- 
es not been associated with propranotol. 

*The appearance of INDERAL tablets Is a registered trademark of Ayerst Laboratories 
9418/1895 
Copyright © 1985 Ayerst Laboratories ' 
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Acute Hemodynamic Effects of Nitroprusside 
in Children with Isolated Mitral Regurgitation 
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The acute hemodynamic responses to nitroprusside 
during cardiac catheterization were evaluated in 12 
children with isolated mitral regurgitation (MR) of 
congenital origin. The patients were classified Into 
2 groups. Group I consisted of 5 patients who re- 
celved digitalis or dluretic drugs and group ll con- 
sisted of 7 patients who received no medication. 
Hemodynamic measurements were performed using 
a multisensor catheter system during infusion of 
nitroprusside at a dose of 2.0 ug/kg/min. With nl- 
troprusside, the mean right atrial pressure de- 
creased an average of 50% In group I (from 6 + 1 
to 3 + 1 mm Hg) and 75 % In group li (from 4 + 1 to 
1+ 1 mm Hg), and the mean decrease of pulmonary 
artery wedge pressure was 5096 In group I (from 14 
+ 3 to 7 +3 mmHg) and 56% in group Il (from 9 + 
2 to 4 + 1mm Hg). Administration of nitroprusside 


Congestive heart failure has been conventionally 
managed with the administration of digoxin and di- 
uretic drugs. In recent years, however, vasodilators have 
been introduced as additional agents in an attempt to 
provide hemodynamic improvement for this condition. 
Vasodilator therapy has been beneficial in adult pa- 
tients with many cardiac disorders, including cardio- 
myopathy,!* ischemic myocardial disease?* and val- 
vular disease,9? but the clinical experience with 
children is mostly limited to those with impaired cardiac 
function either after surgery?" or as a result of car- 
diomyopathy.1?13 Although mitral regurgitation (MR), 
isolated or combined, is frequently seen with subse- 
quent heart failure in infants and children, few studies!4 
are available of the acute hemodynamic effects of va- 
sodilator agents in children with such regurgitant dis- 
orders. The present study, therefore, was undertaken 
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also caused a significant reduction in systemic 
vascular resistance by 4096 in both groups (from 25 
+ 610 15 + 5 U/m? In group | and from 25 + 2 to 15 
+ 3 U/m? In group II), whereas forward cardiac 
output Increased markedly, by an average of 48% 
in group | (from 3.3 + 0.5 to 4.9 + 0.9 Ilters/min/m?) 
and 58% in group Il (from 3.3 + 0.3 to 5.2 + 0.8 li- 
ters/min/m?). No significant differences In hemo- 
dynamic response between groups 1 and Il were 
noted. These data indlcate that nitroprusside aug- 
ments forward ejection associated with decrease 
In regurgitant flow as a result of reductlons In preload 
and afterload regardless of the severity of MR. It Is 
concluded that vasodilator therapy may be benefl- 
cial for selected Infants and children with MR. 


(Am J Cardiol 1985;56:351-355) 


to evaluate the acute hemodynamic responses to ni- 
troprusside in children with MR. 


Methods 


Patients: Twelve children with isolated congenital MR (7 
with mitral valve prolapse) who underwent diagnostic cardiac 
catheterization between March 1980 and February 1984 were 
the subject of this study. The clinical characteristics of these 
patients are presented in Table I. Informed consent was ob- 
tained from the parents after the procedure was explained. 
There were 3 boys and 9 girls, aged 3 to 10 years (mean 7). At 
the time of study, 5 of these patients were receiving digoxin, 
and diuretic drugs were additionally given in 1 patient. These 
5 patients were classified into group I and the other 7 patients 
into group IL Angiographic severity of MR varied between 2+ 
and 4+ according to Sellers’ classification.!? To date, 4 pa- 
tients in group II have undergone cardiac operations, with 
anuloplasty of the mitral valve performed in 3, and mitral 
valve replacement with a St. Jude medical prosthetic valve 
in 1 patient. No patient had cardiac arrhythmia. 

Cardiac catheterization and cardiac volume de- 
termination: Each patient underwent cardiac catheterization 
in the fasting state, under light sedation with either hydrox- 
yzine hydrochloride (1 mg/kg) or diazepam (0.06 mg/kg), given 
intravenously. Biplane right and left ventricular cineangiog- 


TABLE | 


LVEDV = left 


Clinical and Hemodynamic Data 


Pt Age (yr) Angio. LVEDV LVEF  LAVmax RF 
No. & Sex Grade (%ofn) (9)  (960fn) (96) 
Group ! 
-1 4.6F Ul 255 59 431 61 
2 7.0F ll 198 61 240 51 
3 10.7M IV 328 40 357 83 
4 8.2F Il 361 68 370 62 
"PEE 3.8F lll 239 . 75 353 64 
Mean 6.9 276 61 350 80 
+SD +2.8 +67 +13 +69 +5 
Group II 
6 10.3M il 167 65 181 51 
7 5.0F ll 150 ` 75 151 51 
8 7.4M il 145 72 148 40 
9 4.0F il 149 64 195 48 
10 9.7F Hi 145 67 154 41 
11 6.0F il 178 56 179 39 
12 9.2F li 158 68 156 45 
Mean 7.4 156 67 166 45 
+SD i2.5 > +13 +6 +18 +5 


Anglo. = angiographic; LAVmax = left atria! maximal volume; 

end-diastolic volume; LVEF = left ventricular 
ejection fraction; n = normal; RF = regurgitant fraction; SD = standard 
deviation. 


E _taphy was performed in the anteroposterior and lateral pro- 


jections at a speed of 60 frames/s. Meglumine diatrizoate, 1.0 


ml/kg of 65%, was injected over 3 to 4 cardiac cycles during 


each angiogram. 

Right!$ and left ventricular volumes!” were determined 
from biplane cineangiographic frames at end-diastole and 
end-systole. These data were expressed as a percent of nor- 


' mal,!? derived individually by regression equations based on 
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. FIGURE 1. Simultaneously recorded aortic pressure (AoP) and aortic flow velocity (AoF) before (left) and during (right) nitroprusside Infusion In 
patient 7. A significant decrease In aortic pressure and a substantial increase in aortic flow velocity Is produced by the nitroprusside infusion. dP/dt 
'.- = first derivative of pressure; ECG = eletrocardiogram. 
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the patient's body surface area. ‘The difference between the 
end-diastolic volume and end-systolic volume represents total 
stroke volume, and the ejection fraction was calculated as the 
ratio of total stroke volume to end-diastolic volume. Mitral 
regurgitant volume was then calculated as the difference be- 
tween total left ventricular stroke volume and right ventricular 
gtroke volume, and the regurgitant fraction was expressed as 
percent of total left ventricular stroke volume. 

Hemodynamic measurements: Before angiography each 
patient underwent hemodynamic investigations during car- 
diac catheterization using a 6Fr multisensor catheter (Millar 
model VPC-663A). This instrument allows simultaneots 
measurement of flow velocity and high-fidelity pressures in 
the intracardiac portions and great vessels (Fig. 1). Right 
atrial, right ventricular, pulmonary artery, left ventricular and 
systemic aortic pressures were measured using this cathe-. 
ter-tip micromanometer, except pulmonary capillary wedge 
pressure, which was measured with a No. 6Fr endhole cathe- 
ter. Mean pressures were determined electronically. 

Phasic aortic flow velocity was measured in the ascending 
aorta using a catheter-tip velocity probe coupled to a 
square-wave electromagnetic flowmeter (Carolina Medical 
Electronics model 601D). The probe had been calibrated 
previously in blood using a steady-flow pump, and a previous 
study has shown that the frequency response of the velocity 
probe was —3 dB at 15 Hz. The phase shift was linearly related 
to frequency with a time delay of 37 + 3 ms in the frequency 
range of 1 to 30 Hz. Particular care was taken to avoid erro- 
neous measurements by angulation and undue movement of 
the probe. First, the catheter tip was advanced through the 
aortic valve into the left ventricular cavity. This procedure 
tends to stabilize the probe in the central axis of the ascending 
aorta.1? Subsequently, while monitoring the velocity wave- 
form, the catheter was slowly withdrawn until the catheter tip 
was in the ascending aorta. When no significant changes in 
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TABLE I| Hemodynamic Response to Nitroprusside in 12 Children with Mitral Regurgitation 
Group | (n = 5) Group Il (n = 7) 

Control Nitroprusside — A(96) p Control Nitroprusside — A(96) p 
Heart rate (beats/min) 97 + 13 106 + 20. NS 95+ 11 116417 +22 <0.05 
RAP (mm Hg) 6+ 1 3-1 «0.001 4+1 141 —T7b5 «0.001 
PCW (mm Hg) 1443 7 i3 «0.01 942 4 d 1 —56 «0.001 
LVEDP (mm Hg) t45 944 NS 8+3 4+2 —50 «0.05 
PAP (mm Hg) 27 9 20 X9 NS 124 1143 —31 <0.05 
MAP (mm Hg) 86 + 6 73 + 10 <0.05 89+ 11 76+ 11 —15 «0.05 
PVR (U/m 4.4 + 2.3 2.4 + 1.6 NS 2.5 + 1.0 1540.5 —40 «0.05 
SVR (U/ 25 6 151: 5 «0.05 25 2 15243 —40 <0.001 
PAV (cm/s) 107 + 15 149 + 27 <0.05 94 + 19 115 + 25 +22 NS 
FSVI (mi/m 3446 47 + 11 <0.05 3647 45 8 +25 <0.05 
FCI (/min/ 3.3 + 0.5 49+ 0.9 <0.01 3.3 + 0.3 5.2 + 0.8 +58 <0.001 


FCl = forward cardiac index; FSVI = 


forward stroke volume index; LVEDP = left ventricular end-diastolic pressure; MAP = mean aortic pressure; 


NS = not significant; PAP = mean pulmonary artery pressure; PAV = peak aortic velocity; PCW = mean pulmonary capillary wedge pressure; 
PVR = pulmonary vascular resistance; RAP = mean right atrial pressure; SVR - systemic vascular resistance; À — change. 


i 


withdrawal tracings of the flow signal were recognized, si- 
multaneous recordings of aortic pressure and flow were ob- 
tained at this point. However, when the velocity signal was 
significantly changed, particularly in the younger patients, 
because of either attenuation or artifacts, satisfactory velocity 
records were obtained in the more proximal portion of the 
ascending aorta with the pressure sensor positioned in the left 
ventricle. 

All pressure and flow measurements were averaged over 6 
consecutive beats. From the aortic velocity tracing, peak ve- 
locity was determined directly and mean velocity was derived 
by planimetric integration of the area under the curve. For- 
ward left ventricular stroke volume was then calculated from 
mean flow velocity multiplied by the aortic cross-sectional 
area. This measurement was determined from lateral cine- 
angiograms in which an average value was taken between 
systolic and diastolic measurements. Forward cardiac output 
was obtained by multiplying forward stroke volume by heart 
rate; both forward stroke volume and cardiac output were 
corrected by individual body surface areas. With forward 


PCW 


FIGURE 2. Acute changes in hemody- 
namic parameters during nitroprusside 
(NP) Infusion in group | (open circles) 
and In group Il (closed circles). There 
is a significant reduction In pulmonary 
capillary wedge pressure (PCW) and 
systemic vascular resistance (SVR), 
whereas forward cardlac index (FCH 
markedly increased during nitroprus- 
side infusion. Vertical bars Indicate 
mean + standard deviation. C = 
control. 


mmHg 





cardiac output and pressure difference, pulmonary and sys- 
temic vascular resistances were determined. 

Nitroprusside administration: Stable control hemody- 
namic variables were first measured, and then nitroprusside 
was continuously infused through a peripheral vein at a rate 
of 2.0 ug/kg/min. After 5 minutes of infusion, at a time when 
blood pressure and heart rate had stabilized, repeat pressure 
and flow measurements were performed. No adverse effects 
from nitroprusside were observed during the procedure. 

All values are expressed as mean + standard deviation. The 
paired Student ¢ test was used to determine the statistical 
significance of comparisons between the control and postni- 
iroprusside data; p «0.05 was considered significant. 


Results 


Cardiac volume data in individual patients are pre- 
gented in Table I. Left ventricular and left atrial vol- 
umes were markedly increased; both values were greater 
in group I than in group II (p «0.001 for both). Left 
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ventricular ejection fraction was normal in all patients 


` except in 1 (patient 3), but no significant differences 


were demonstrated between group I and group II. The 
mitral regurgitant fraction was more elevated in group 


I than in group II (p <0.001), which agreed with the - 
. angiographic grading. ` 


The acute hemodynamic effects of intravenous ni- 
troprusside in all 12 patients with MR are listed in 
Table II. Baseline values before nitroprusside admin- 
istration, particularly preload values, were greater in 
group I than in group II. Systemic vascular resistance 


was not increased except in 1 patient, who had the most 
.. severe regurgitation (patient 3). 


. In general, nitroprusside induced the same directional 
changes for all hemodynamic parameters (Fig. 2). Ni- 
troprusside increased heart rate an average of 9% in 
group I and 22% in group II. Pressure variables of pre- 


— load were markedly reduced in both groups after ni- 


troprusside infusion; right atrial pressure decreased an 
average 50% in group | and 75% in group II; pulmonary 
capillary wedge pressure, 50% in group I and 56% in 


^ group IJ; and left ventricular end-diastolic pressure, 36% 


in group I and 50% in group II. Nitroprusside also re- 


‘duced hemodynamic variables of afterload in both 
^ groups; pulmonary artery pressure decreased an average 


26% in group I and 31% in group II, aortic pressure de- 


vascular resistance were recognized after nitroprusside 


infusion; pulmonary vascular resistance decreased 45% 


in group I and 40% in group II, and systemic vascular 
resistance decreased 4096 in both groups. 

With nitroprusside, there was a significant increase 
in forward left ventricular flow in all patients. Peak 
aortic velocity increased an average of 3996 in group I 


. and 2296 in group II. Forward stroke volume also in- 


creased 38% in group I and 25% in group II, and nitro- 
prusside produced a marked increase in forward cardiac 
output with 48% in group I and 58% in group Il, ac- 


- cómpanying an increase in heart rate. 


- No apparent differences of these results were ob- 


Served between the 2 groups, and the differences among 


baseline data did not significantly influence the 
results. 


Discusslon 
- In MR, the balance between forward cardiac output 


. and regurgitant flow depends on aortic impedance to 

- Jeft ventricular ejection; a reduction in aortic impedance 
‘results in an increase in forward cardiac output with 
"^ concomitant decrease in regurgitant flow. Adminis- 


tration of vasodilators thus causes increase in for- 
ward flow as well as reduction in regurgitant flow by 


lowering of systemic vascular resistance, which provides 
beneficial effects for patients with MR.” If systemic 


vascular resistance is elevated, as is frequently seen in 


. patients with severe MR, vasodilator therapy becomes 


more effective. These acute favorable effects of vaso- 
dilators in MR have been well documented in adult 
patients,9-7^21-23 but few are reported in similar 
hemodynamic investigations in children. 

. The present study has shown that nitroprusside, a 


creased slightly but significantly an average 15% in both 
' groups. Similar changes in pulmonary and systemic 


potent dilator of arterial resistance and venous capac-. 
itance vessels, produced acute hemodynamic im- 
provement in children with MR. After intravenous ` 


administration of nitroprusside, all patients showed `` 
significant reductions in both preload and afterload.In . . 


contrast, forward cardiac output increased markedly, 
by an average of 55%. In the clinical setting with severe 
and symptomatic MR, vasodilator agents may be of 
value in relieving symptoms of pulmonary venous 
congestion and in improving low-output state. 

In the present study no significant differences bf 
hemodynamic response to nitroprusside were observed 
between the groups. Vasodilator therapy may be indi- 
cated only for adult patients with severe MR with heart 
failure, but the current results suggest hemodynamic 
benefits even for patients with MR of less severe degree. 
Similar beneficial resulta were reported in adult patients 
with only moderate MR.® The improvement of under- 
lying disease by vasodilator therapy remains contro- 
versial.6'%! A decrease in preload by vasodilator agents 
such as nitroprusside results in a decrease in left ven- 
tricular filling volume, thereby reducing left ventricular 
volume. Furthermore, because left ventricular cavity 
size depends mostly on mitral regurgitant volume, re- 
duction in regurgitant volume with vasodilators may 
lead to a decrease in left ventricular volume.?? Chat- 
terjee et al? suggested that in their patients with severe 
MR due to dysfunction of subvalvar apparatus, in- 
creased competence of the mitral valve along with de- 
crease in regurgitant volume results from decreased left 
ventricular size and, possibly, reduced myocardial . 
ischemia caused by vasodilators. Vasodilator therapy, 
therefore, may improve the disease itself to a certain 
extent and influence the natural history of MR by re- 
ducing both the amount of regurgitant volume and left 
ventricular cavity.12?! Although further clinical expe- 
rience may be required, we believe that vasodilator 
therapy may become a beneficial therapeutic approach 
for patients with less severe MR. 

We have used a catheter-tip multisensor system 
equipped with a pressure and a flow probe for the he- 


‘modynamic investigation. With regard to pressure 


measurements, this instrument allowed us to perform 
accurate evaluation by measuring high-fidelity pres- 
sures. In children in a relatively tachycardic state, the 
conventional fluid-filled catheter gystem often produces 
distortion of pressure curves with overshooting and 
overdamping, which precludes reliable evaluation for 
pressure measurements. Therefore, particularly in 
children, use of a catheter-tip micromanometer system 
may be preferable for hemodynamic investigations in- 
cluding pressure measurements. Acute hemodynamic 
responses of flow variables to vasodilators have been 


‘evaluated by the Fick method!**° or thermodilution 


techniques.i4 These methods are also less accurate, 
particularly in infants and children.” In contrast, the 
method used herein allows us not only to perform a 
more accurate flow study but also to observe more di- 
rectly changes in flow.?* Hemodynamic investigations 
using a multisensor catheter system with pressure and 
flow sensors may provide more reliable information in 

the field of pediatric cardiology. l 


Bolen JL, Alderman EL. 
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| ‘Usefulness of Left Ventricular Volume in | Assessing nae 
t xd ipsa of Fallot for Total Correction. Tr 


 YASUAKI NAITO, MD, TSUY OSHI FUJITA, MD; TOSHIKATSU YAGIHARA, MD, . 
FUMITAKA ISOBE, “MD, FUMIO YAMAMOTO, MD, KAZUHIKO TANAKA, MD, 


HISAO MANABE, MD, OSAHIRO- TAKAHASHI, 


^ 


i Ninety-one patients with tetralogy of Fallot under-. . 


went intracardiac repair between 1978. and 1981. 
" One patient died from left-sided heart failure. Re- 


p = trospective analyses of this death revealed a sig- 


- nificant decrease of the left ventricular 


- normal). Results of early postoperative hemody: . ` 
. namic studies after total correction of this anomaly 


LV) end- 
. diastolic volume Index (EDVI) of 21 ml/ 


: suggested that an EDVI of 30 mi/m? Is the minimal 


requirement for adequate cardiac output postop- . 


" eratively. Based on these data, 3 patlents with de- 
~ creased LV volume with EDVI of around 30 m/m? 


(36% of : 


| MD, and TETSURO KAMIYA, ND 





. cess, although they required atrial pacing and cat- - 
‘echolamine support postoperatively to maintain. 

_ adequate left atrial pressure and cardiac output.. - 
From these results, it ls recommended that patients — 


with tetralogy of Fallot and an EDVI. of 30 ml/m? or: 


more can be considered as candidates for the pri- — 
mary repair, but that patients with an EDVI of. less ^ 
than 30. mi/m? should be palllated once by sys- ` 
temic-to-pulmonary arterial. shunt procedures. - 


Subsequent total correction should. be performed - 


| mer sufficient LV growth for those patients. -. 





; Were challenged with the primary repair with suc- . - 


2e. 


vOnndequatedieét ven tricalae (DV) volume has hen ro- 
~ ported to be a potential cause of death after total cor- 


. rection of tetralogy of Fallot (TF).1-4 We had a similar 


experience in 1-year-old patient who had a left ventricle 
"that was so small that the LV end-diastolic volume - | 


" index (EDVI) was 21 ml/m2.5 This experience stimu- 


' lated us to establish the criteria of how much LV volume: 
"js necessary for total correction of TF. This report de- 

_-seribes our criteria of LV volume required for total 

‘correction of TF. 


ie 


Methods 


Japan. 
^8, 1982; revised manuscript recelved March 28, 1985, accepted March 
" 27, 1985. 


-' Address for reprints: Yasuak! Nalto, MD, Department of Cardiovas- | 


' cular Surgery, Natlonal Cardiovascular Center, 6-7-1, aero 
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During the period 1978 to 1981, 91 patients treated in our, 
‘department with TF underwent total correction. Seventeen 
- of them had previous Blalock-Taussig shunt. Their age dis- 
E HIER is shown in Figure 1. Their ratio of diameter of : 


LV rn 


(Am J Cardiol 1985; 56: 356-359) 1 


pulmonary trunk to that is aortic root ranged from 0 16 to 1.45 
(average 0:59). Enlargement of the right ventricular outflow 


tract was performed according to our criteria. An outflow © 2 


patch across the pulmonary ring was required in 46 patients 
(60.5%) and in 36 of them, a pericardial monocusp patch was 
used. Four patients with pulmonary atresia underwent re- 
construction of the pulmonary artery using a Hancock valved 


conduit. In these patients, LV. volume was calculated on the 
. preoperative biplane cineangiocardiogram by integration 


method. LV volume data were analyzed by comparing them 
to the predicted normal values established by Echigo et al _ 
from the Department of Pediatrics of our institution. The 


normal predicted LV end-diastolic volume (EDV) was cal- . 


culated as: Y (ml) = 81.71 X body surface area (BSA) (m2)! 42 
Intracardiac pressure measurements were performed under 


stable hemodynamic conditions on the operating table im- 


mediately after surgery. From these measurements, the cor- 


‘relation between EDV and pressure difference between the 


left and right atria was analyzed. 
Furthermore, hemodynamic studing’ during the early 
postoperative period were undertaken in the intensive care. 


` "unit in 15 patients. Through analyses of these hemodynamic 
.. data, the criteria of EDVI for the indication of corrective 


surgery of this anomaly were derived. Using these criteria, . 
thereafter, total correction was lartebaics in 3 patients with , 
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No. of casas 20 
20 9!cases (M 45, F 46) Death 1 (1.1%) 
Age 05): 1— 50 {average 9.9) 
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* Chan oí death : left heart faure (LVEDY Srl, LVEDVI 2 fein’, EF 56°) 
FIGURE 1. Operative results and age distribution in total correction of 


tetralogy of Fallot (1978 through 1981). EF = ejection fraction; LVEDV 
= left ventricular end-diastolic volume; LVEDVI = LVEDV index. 


Results 


Operative results: One of the 91 patients died, 
yielding an operative mortality rate of 1.1% (Fig. 1). The 
patient who died was a 1-year-old boy who underwent 
total correction with reconstruction of the right ven- 
tricular outflow tract using a pericardial monocusp 
patch. He had neither residual pulmonary stenosis nor 
ventricular septal defect after surgery. His right atrial 
pressure was 10 mm Hg and the left atrial pressure was 
as high as 20 to 24 mm Hg postoperatively. His cardiac 
output was 2.5 liters/min/m? or less, even with contin- 
uous intravenous administration of isoproterenol and 
adrenaline. Severe pulmonary edema resulting from 
left-sided heart failure was noted on the first postop- 
erative day. Àutopsy revealed hypoplasia of the left 
ventricle. The retrospective analysis of LV volume 
showed a significant decrease of LV size, with the EDV 
of 9 ml and EDVI of 21 ml/m? (3696 of normal). This 
experience illustrates the significance of accurate as- 
ea of the LV volume before total correction of 
TF. 

Relationships between end-diastolic volume and 
postoperative pressure difference of left to right 
atrium: The postoperative pressure difference between 
the left and the right atrium was inversely proportional 
to the value of EDV (percent of normal) (Fig. 2) (r = 
0.598, p <0.01). This result suggests that the patients 
with decreased EDV were more prone to develop left- 
sided heart failure postoperatively. 

Estimation of critical left ventricular volume for 
total correction: Based on the data presented herein, 
we attempted to establish the criteria for the minimal 
LV volume required for successful total correction of 
TF. 

In our experience, the EDVI is generally reduced to 
some extent in infants and children in this anomaly (Fig. 
3). Patients with an EDVI of less than 50 ml/m? were 
almost always younger than 6 years. Therefore, analyses 
of hemodynamics in the early postoperative period were 
performed in a limited number of patients younger than 
6 years. The measurements included systemic arterial 


LVEDV (96 of Normal) 


140 Y= — 463x +99.12 
o r=0.598 (P<0.01) 





FIGURE 2. Relationship between left ventricular end-diastolic volume 
(LVEDV) and postoperative pressure difference of the left to right atriurr 
(LAp-RAp). : 


pressure, central venous pressure and left atrial pressure 
measurements with indwelling catheters and mea- 
surements of cardiac output by thermodilution. These 
measurements were carefully analyzed with the actua: 
postoperative course of the patients, and based on this 
analysis, arbitrary objective hemodynamic measure- 
ments for successful postoperative management were 
derived (Table I).^8 They included cardiac output 
greater than 2.7 liters/min/m?, systemic blood pressure 
greater than 90 mm Hg, central venous pressure less 
than 15 cm H320, left atrial pressure less than 12 mm Hg 
and heart rate of 140 to 160 beats/min. Their preoper- 
ative LV ejection fraction (EF) estimated from biplane 
cineangiography ranged from 0.47 to 0.87 (average 0.61) 


LVEDVI (at/ m) 
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FIGURE 3. Left ventricular end-diastolic volume index (LVEDVI) In eact 
age group of patients. Circles and triangles represent patients without 
and with previous Blalock-Taussig operation, respectively. The closed 
circle represents the operative death. 


 Bp= systemic blood pressure; Cl = 


TABLE Il 


. end-diastolic volume; LVEDV! = 
. “ameter of pulmonary trunk to that of gorta. . 


e 


The Objective Hemodynamic Varlables in 


TABLE | 
; Postoperative Management for Patients Younger 
Than Six Years Who Underwent T otal Correction 
of Tetralogy of Fallot 
. BP HR GVP LAP Ci 
- (mmHg)  (beats/min) (cm H0) (mm Hg) (liters/min/m?) 
. + >90 140—160 «15 <12 >27 


cardlac index; CVP = central 


venous pressure; HR = heart rate; LAP = left atrial pressure. 


| The fractional shortening of the left ventricle (FS) was 
measured by M-mode echocardiography in 6 patients 


in the pre- and early postoperative periods. There was 


. no significant difference between the preoperative (0.48 
+ 0.05) and the early postoperative (0.49 + 0.05) values - 
. of FS (mean + standard deviation), although early 

` postoperatively FS was measured during continuous 
administration of either isoproterenol or adrenaline or 


both. Assuming the postoperative EF is the same as the 


P preoperative value—0.61—the EDVI. required to 
: maintain a cardiac index of 2.7 liters/min/m? postop- 
. eratively, which is considered to be the minimal essen- 


tial value, could be derived to be 36.9, 34.0, 31.6, 29.5 and 


^ 27.6 ml/m? with the heart rate of 120, 130, 140, 150 and 
| .:160 beats/min, respectively. Naturally, with a further 
^A increase in heart rate, cardiac output is expected to 
-” decrease as a result of inadequate diastolic filling of the 


left ventricle. Our observation of cardiac output de- 


- termined by thermodilution in patients during the im- 
~ mediate postoperative period revealed no significant 


decrease of cardiac output with a heart rate as high as 


160 beats/min.9 These data indicate that even a patient 


with a small left ventricle with an EDVI of 27.6 ml/m? 


'. could overcome the postoperative course after total 
'' correction at 160 beats/min of objective maximal heart 
rate. These data and the data from the patient who died 


suggest that EDVI of 30 ml/m? would be the critical LV 
volume required for successful total correction of TF in 


` infants and children. 


Operative results in patients with critical size of 


- Jeft ventricle: After the criteria of the LV volume of 30 


ml/m? were established in 3 patients with borderline 


EDVI, total correction was attempted and was suc- 
- cessful. 'T'wo.of the patients were 1-year-old girls and 
. their EDVIs were 28 ml/m? (49% of normal) and 32 
. smi/m? (55% of normal), respectively. The other patient 
_ was a 2-year-old boy with EDVI of 30 ml/m? (45% of 
normal) (Table II). Their heart rate in the early post- 
. operative period had to be maintained at as high as 150 
“to 170 beats/min by atrial pacing with continuous in- 


Preoperative Data In Three Patlents with Critical 
Size of Left Ventricle | 
| Age LVEDV — LVEDVI 96 of 
_ Pt (y) Sex  PA/Ao (ml) (ml/m?) Normal EF 
01. 1 F. 0.40 11 28 4996 55 
‘2 14 F 0.65 14 32 5596 87 
3 2 M 0.53 18 30 45% 81 


EF = left ventricular election fraction; LVEDV = left ventricular 


LVEDV index; PA/Ao = ratio of dł 


80 


gp. LVEDVI (m/m?) 
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FIGURE 4. Relationship between left ventricular end-diastolic volume ` 


Index (LVEDVI) and percent of predicted normal in each catagory of 
body surface area (BSA). 


travenous administration of catecholamines to maintain 
the cardiac index of more than 2.7 liters/min/m? and the 
left atrial pressure of less than 12 mm Hg. ! 


Discussion 


LV volume in infants and children with TF is de- 
creased. Kirklin and Karp! reported a 7-year-old patient 
who died after total correction as a result of significantly | 
decreased LV volume, which was not sufficient to 
maintain systemic blood flow. Graham et al? reported 
a 3-year-old patient with EDVI of 26 ml/m* (45% of 
normal) who died after intracardiac repair without re- . 
sidual ventricular septal defect, residual right ventric- 
ular outflow obstruction or cardiac tamponade. Jar- 
makani et al? described a patient with EDVI of less than 
6096 of normal who died with left-sided heart failure and 
pulmonary edema postoperatively. In our patient with 
an EDVI of 21 ml/m? (3696 of normal) who died after 
operation, presence of severe left-sided heart failure was’ 
confirmed by the left atrial pressure of more than 20 . 
mm Hg and cardiac output of 2.5 liters/min/m? or 
less. 

Both of these previous reports and our dits suggest 
that the size of left ventricle should be considered a 
critical factor in determining the feasibility of intra- 
cardiac repair of TF. However, definite criteria for LV 
volume required to maintain adequate cardiac output 
after total corrective surgery have not been established. _ 
Graham et al? reported that a shunt procedure should 
be indicated in a patient with an EDVI of less than 5596 
of normal, primary repair is considered to be feasible in 
patients with an EDVI of more than 6596 of normal, and: 
that in patients with an EDVI) of 55 and 6596 of normal, 
a shunt procedure may be indicated. Setsuie et al* rec- 
ommended an initial shunt procedure in patients with 
an EDVI of less than 40 ml/m^?, based on an experience 
of 4 operative deaths in 5 patients with decrease LV 


volume as a result of left-sided heart failure. However, 
in our series, 3 patients with significantly decreased 
EDVI including 45% (30 ml/m?), 49% (28 ml/m?) and 
55% (32 ml/m?) of normal, respectively, survived the 
primary repair. 

LVEDV can be expressed as either EDVI or percent 
of normal. We prefer to use EDVI as the indicator be- 
cause postoperative cardiac output can be more exactly 
estimated from EDVI than percent of normal. EDVI 
with a given percent of normal can vary significantly 
according to the BSA of the patients (Fig. 4). Therefore, 
percent of normal would not be adequate as the indi- 


. cator to estimate postoperative LV stroke volume. Then 


we decided to describe our criteria of the LV volume for 
the feasibility of the primary repair of this anomaly in 
EDVI 


Based on the assessment of the preoperative LV 
volume and postoperative hemodynamics, we estimated 
that EDVI of 30 ml/m" or greater should be required to 
maintain adequate cardiac output after total correction 
of this anomaly. Depending on this assumption, we at- 
tempted primary repair with success in 3 patients with 
borderline EDVI around 30 ml/m?, although they re- 
quired atrial pacing at 150 to 170 beats/min and ad- 
ministration of catecholamines for some length post- 
operatively. 

In view of our series and the case reported by Graham 
et al with EDVIs of 26 ml/m?, it was concluded that an 
EDVI of at least 30 ml/m? is required for the successful 
primary repair and that for patients with an EDVI of 
less than 30 ml/m?, palliation by systemic-to-pulmonary 
arterial shunt procedure should be indicated. 


EDVI of 30 ml/m? corresponds to 4596 to 5596 of 
normal in patients with a BSA of 0.62 to 0.39 m2, re- 
spectively (Fig. 4). According to our calculation, 6596 of 
normal, which was suggested by Graham et al as criteria 
for the feasible primary repair, means an EDVI of at 
least 30 ml/m? in any patients with the BSA over 0.3 m?. 
Thus, the criteria of Graham et al were validated by our 
study as a safeguard for operative intervention to this 
anomaly. However, our experience proved that even 
patients with the LV volume of less than 65% of normal, 
55% of normal with a BSA over 0.39 m? and 45% with 
BSA over 0.62 m? may be candidates for intracardiac 
repair. 
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zr To better understand the hemodynamics of pulmo- 


nary stenosis (PS), 24 adults and 53 children with . 
similar degrees of PS.who had undergone cardiac | 
E catheterization at rest and during supine exercise 
' : were retrospectively studied. Three groups were 

defined. Group I consisted of 9 adults and 18 children. 
-with a pulmonary valve area of less than 0.5. 
'"cm?/m?; group Il, 6 adults and 25 children with a 
. pulmonary valve area of 0.5 to 1.0.cm?/m?; and 
“group Ill, 9 adults and 10 children with pulmonary 
- -valve area of more than 1.0 cm?/m?. The mean ages 


of the adults were 29, 26 and 22 years for groups I, 


Al, and Ill, respectively. The mean ages of the chil- 
..dren were 11, 10 and 9 years for groups I, Il and Ill, - 
respectively.: The pertinent data collected from 


' catheterization Included oxygen consumption; ua 
cardiac rate and index, arterial venous oxygen dif-'. : 


ference, stroke index, right ventricular (RV) systolic. 
pressure. and RV end-diastolic pressure. Adults and | 
children in groups II and Ill had an appropriate ře- 
sponse to exercise. Group I children responded | 
abnormally by increasing thelr RV end-diastolic 
pressure and their stroke index. in groüp 


| adults both of these varlables increased. ‘Group I 
adults exhibited a significantly lower cardiac Index . 


at rest and exercise secondary to a significantly 


. lower absolute cardiac rate. Long-standing Severe © 
. PS results in hemodynamic compromise. Hence, - 


nae relief of PS. is recommended. 
. (Am J Cardiol 1985; 96: 360-385) | 





z Although isclated ain! ues valvular stenosis (PS) E 
„accounts for 8% of congenital heart disease, its natural ` 
"history remains unclear. Patients exhibit a clinical state ` 
varying from ‘minimal progression of PS to rapid pro- 
gression with consequent right-sided heart failure. The 
' progression is believed to occur by 3 mechanisms. First,. 


as the child grows the orifice of the stenotic pulmonary 


^ valve can remain constant. Danilowicz et al! found that 


a ` 
J * 
r d 

^ 


“in Pediatric Cardiology, Un 


in 17 of 32 infants. with PS, the pulmonary valve area 
7 decreased with age. Serial cardiac catheterizations in 
children with PS have shown that the pulmonary valve ' 
-area increased proportionally to the: increase in body 
‘size and cardiac output.?? Second, right ventricular 
x. — dci function may be co by the de- 
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: tient’s pare air: in a-Collins chain-driven Rink, pog Was 


velopment of fibrosis or eee fü 64 children 
studied by Moller et al,^ those with severe PS had evi- 
dence of altered RV function, which was believed to be 
a result of myocardial hypertrophy in most and myo- 


' cardial fibrosis.in 3: patients. 'Third, infundibular 


stenosis may develop, causing a secondary site of RV. 
outflow obstruction. We compared the cardiac 
catheterization data of children and adults with com- 


. . parable degrees of PS at rest and during supine exercise 


to determine age- related. hemodynamic differences. 
Methods - 


| Twenty: four. adults and 53 children with isolated PS un- | 


derwent cardiac catheterization, during which rest and exer- 
cise data were collected. No patient had undergone cardiac . 
surgery before catheterization. T'he adults ranged in age from 
16 to 46 years and the children 4 to 16 years. Right-sided 


' cardiac catheterization. and peripheral systemic arterial 


pressure monitoring and oximetry studies were performed’ 


after. premedication with morphine (0.1 mg/kg) and- pheno- É 


barbital (2 mg/kg). Each patient was studied during rest and 
while performing supine exercise. . : 
Oxygen consumption was measured by collecting the pa- 


$ T 1 a - 
WoW m EE n 
ee t f UcU Sas 


-- 0H 


Cardiac Catheterization Data at Rest and During Exercise In Pulmonary Stenosis 


TABLE I 


Group I! (PVA 0.5 to 1.0 cm/m?) Group Ill (PVA >1.0 cm/m?) 


Group | (PVA <0.5 cm/m?) 


Physiologic 
State 


Hemodynamic Measurement 


O2 consumption 
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492 + 104 


(ml O2/min/m?) 


Cardiac rate 
(Itter/min/m?) 
A-V O; difference 
(ml/beat/m?) 

RVSP (mm Hg) 


RVEDP (mm Hg) 


(vol 96) 


(beats/mln) 
Cardiac Index 
Stroke Index 
PVA/m? (cm?/m?) 


Exercise (W/m?) 


* Welct-Aspin test. 


Values are mean + standard deviation. 


A-VO» = arterial venous oxygen; NS = not statistically significant; PVA = pulmonary valve area; RVSP = right ventricular systolic pressure; RVEDP 


end-diastolic pressure. 
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FIGURE 1. Comparison of oxygen consumption during rest and exercise 
In children and adults with pulmonary stenosis. E = exercise; PVA = 
pulmonary valve area; R = rest. 
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analyzed by the Tissot-Schonander method. Midway through 
the collection simultaneous blood samples were obtained from 
the pulmonary artery and a systemic artery to determine 
oxygen saturation and content. During the collection, cardiac 
rate was determined, and pressure was measured as the 
catheter was withdrawn from the pulmonary artery to the 
right ventricle and to the right atrium. 

Every patient exercised by pedaling a variable resistance 
bicycle ergometer in the supine position to a similar workload 
(approximately 40 W /m?). Once a steady state of exercise was 
achieved for at least 3 minutes, oxygen consumption was 
measured and intracardiac pressures were recorded. 

The pulmonary valve area was determined by using a 
modification of the Gorlin formula.® The patients were sep- 
arated into 3 groups on the basis of the indexed pulmonary 
valve area. À mean of the measured and the calculated he- 
modynamic measurements was determined for each group 
(Table I). Changes observed between rest and exercise were 
analyzed by the Student 2-tailed, paired £ test. Differences 
between groups of patients were analyzed by either the un- 


4------A children PVA «0.5 
&k:--—---À adults 6 PVA «0.5 


14 — o-—-o children PVA .5-1.0 
€*- ——* adults PVA .5-1.0 


D———0 children PVA »1.0 
E——-M adults PVA >1.0 


Cardiac Index (L/min/m?) 
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FIGURE 2. Comparsion of oxygen consumption and cardiac index in 
children and adults with pulmonary stenosis. PVA = pulmonary valve 
area. 
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TABLE fl Statistical Analysis of Adults at Rest and During Exerclse "ETE Student 
idi dero t Test or Welch-Aspin Test 
Group Group Group , 
! vs Il | vs lil il vs Hl 
R Ex R Ex R Ex 

O2 consumption NS NS NS <0.05 NS NS 
A-VO» difference NS NS* NS NS NS NS 
Cardiac index NS NS «0.05 «0.05 NS NS 
Heart rate — NS c NS : NS NS - NS NS 
Stroke Index «0.05 NS «0.05 «0.05 NS NS 5 
RVSP NS NS «0.05 <0.05 NS* NS 
RVEDP NS NS <0.05 <0.0 NS . NS ' 
PVA «0.05 «0.05 «0.05* <0.05* <0.05* <0.05* 
Exercise Index NS NS NS 


* Welch-Aspln test. 


Ex = exercise, R = rest; other abbreviations as in Table I. 


" paired Student t test or by the Welch-Aspin test. The latter 


was used when the standard deviations differed more than 


3-fold. 


Results 


The patients were separated into 3 groups according 
to severity of stenosis. Group I (pulmonary valve area 
<0.5 cm?/m?) consisted of 9 adults and 18 children; 
group II (pulmonary valve area 0.5 to 1.0 cm?/m?) 6 


. adults and 25 children; and group III (pulmonary valve: 


area 71.0 cm?/m?), 9 adults and 10 children. The mean 


: ages of the adults were 29, 26 and 22 years, respectively, 


and the children were 11, 10 and 9 years, respectively. 
There was no significant difference in oxygen con- 


< sumption at rest among the 3 groups or between chil- 
. dren and adults (Tables I through IV). The exercising 


oxygen consumption in group I adults was significantly 
lower than group IJ adults and group II and III children 
(Fig. 1 and 2). No difference in oxygen consumption was 


present between group I adults and children during © 
exercise. 


Cardiac rate increased significantly in each group 


. during exercise (Table I, Fig. 3). No difference in resting 
., or exercising cardiac rate existed between the 3 groups 
` of adults or children (Table I through IM). Group I 


children had a higher cardiac rate than group I adults 
at rest; with exercise, no significant difference was 
present. 


TABLE lll 


Cardiac index increased significantly during exercise 
in each group (Table I, Fig. 4). Group I adults had a .. 
lower cardiac index at rest and during exercise than 
group III adults. Group I adults had a lower cardiac 
index at rest and during exercise than any of the chil- 
dren's groups. There was no difference in cardiac index 
at rest between group II adults and children; however, 
the cardiac index during exercise was higher in group 
II children than group II adults. Group II adults had a 
signficantly lower cardiac index at rest and during ex- 
ercise than group III children. The relation between 
oxygen consumption and cardiac index on exercise was 
abnormal only in group I adults (Fig. 2). These adults: 
had a lower cardiac index than anticipated for the 
oxygen consumed, which could be secondary to their PS 
because we believed that all groups had equivalent - 
workloads. | 

Arterial venous oxygen diference was the same at 
rest and during exercise in each adult group (Table I, 
Fig. 4). Group I children had a wider arterial venous 
oxygen difference at rest than group III children. No 
statistical difference in arterial venous oxygen differ- 
ence at rest or exercise existed between comparable 
groups of children and adults. 

Stroke index changed insignificantly from rest to 
exercise in each group except the group III children, in 
whom it increased with exercise (Table I, Fig. 5). Group 
I adults had a lower stroke index at rest and during ex- 





Statistical Analysis of Children at Rest and During Exercise Using Student 
Unpaired f Test or Welch-Aspin Test 
Group Group Qroup 
ive ii ive lil five fll - 
R Ex R Ex R Ex 
O2 consumption NS . NSt. NS NS NS NS* 
A-V O; difference NS NS «0.05 NS NS NS 
Cardiac index NS NS NS «0.05 NS NS 
Heart rate NS NS NS NS NS NS 
Stroke Index NS NS NS «0.05. NS «0.05 
RVSP <0.05 <0.05 <0.05* <0.05* <0.05 <0.05 
RVEDP <0.05 <0.05 <0.05 <0.05 NS <0.05 
PVA <0.05 «0.05 «0.05 «0.05 «0.05 «0.05 
Exercise index NS S 





* Weich-Aspin test. 


, Ex = exercise; R = rest; other abbreviations as In Table I. 
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FIGURE 5. Comparison of stroke index and heart rate during rest (R) 


and exercise (Ex) In children and adults with pulmonary stenosis. PVA 
pulmonary valve area. 
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':. FIGURE 6. Comparison of right ventricular systolic pressure (RVSP) 


In children and adults with pulmonary stenosis. PVA = pulmonary valve 
area. 


|. ercise than group II and III adults (Table I). Each group 


of children had a similar stroke index at rest. With ex- 
ercise, group III children had a significantly higher 
stroke index than the other 2 groups of children. Group 


.- Til children had a significantly higher stroke index than 


any adult group. 


Group I children had a significantly higher RV sys- 


' tolic pressure at rest and during exercise than group 
I adults (Table I, Fig. 6). There was essentially no 
. difference between adults and children in groups H 
: and III. 


— The RV end-diastolic pressure increased significantly 


with exercise in the adults and children of group I. It 


decreased significantly during exercise in group HI 


. children; otherwise, the other groups showed no change. 


in RV end-diastolic pressure at rest and during exercise 


. "(Table I). Group I adults had a higher RV end-diastolic 


pressure at rest and during exercise than group MH 


adults (Table II). Group I children had a higher RV 
end-diastolic pressure with exercise than group HI 
^ children (Tables I and IIT). Group I adults and chil- 


dren had similar rest and exercise RV end-diastolic 


. pressure. 


When comparing the changes in cardiac index and 


. RV end-diastolic pressure on exercise, RV end-diastolic 


pressure and cardiac index increased (Fig. 7). Group H 


| ^ children increased their cardiac index but not their RV 


end-diastolic pressure. Group III children increased 
their cardiac index and decreased their RV end-diastolic 
pressure. Thus, there was a variable response in RV 


` -end-diastolic pressure with exercise in the children. 
© Each group of adults increased their RV end-diastolic 


"^ pressure with exercise. 


The pulmonary valve area was unchanged with ex- 


!., ercise except in group I adults and group H children in 
*» whom it decreased. 


Discussion 
Hemodynamic measurements during cardiac cathe- 


‘terization provide information regarding myocardial 
.. . function, particularly when the subjects are exercised 


O-O child, PVA <0.60m/m* 
@—-—@ adult, PVA «0.5om^/m? 


C child, PVA 0.5- 1.00m?/m? 
W——8 adult, PVA 0.5-1.0cm?/m? 
A ——4 child, PVA >1.00m4/m* 
A ——À. adult, PVA »1.00m*/m? 
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FIGURE 7. Right ventricular end-diastolic pressure (RVEDP) and cardiac 
index: Changes from rest (R) to exericse (Ex) In children and aduits with 
pulmonary stenosis. PVA = pulmonary valve area. 


to unmask myocardial dysfunction. The major purpose 
of our study was to determine if children and adults with - 
the same degree of PS have similar resting and exer- 
cising hemodynamics. 

During supine exercise oxygen consumption, oxygen 
extraction, heart rate, cardiac output and stroke volume 
increase, while RV end-diastolic pressure decreases.8-9 
Each group we studied had an appropriate response to 
exercise with the exception of changes in RV end-dia- 
stolic pressure. Our study revealed significant differ- 
ences at rest and exercise between adults and children 
with similar degrees of PS. The most apparent differ- 
ence is that adults with severe PS have a lower cardiac. 
index at rest and during exercise than any other group 
of adults or children (Fig. 2). Some may argue that these 
adults did not exercise to the same level as children. 
However, the same watts per body surface area and 
oxygen consumption were measured for the comparable 
groups, showing they had a similar workload. Even 
when exercising at the same workload, there is no way 
to predict the cardiac index during exercise.® 

RV end-diastolic pressure is used as an indicator of 
myocardial diastolic function. Children and adults with 
severe PS had a higher RV end-diastolic pressure at rest 
than the other groups. With exercise it increased sig- 
nificantly in group I adults and children, an abnormal 
response suggesting reduced ventricular compliance. 
The other groups had no change in RV end-diastolic 
pressure with exercise, a normal response. Hence, both 
children and adults with severe PS have a com- 
mon variable showing altered myocardial diastolic 
function. 

Stroke index, an indicator of myocardial systolic 
function, increased significantly with exercise only in 
group III children. Group I adults had a lower stroke 
index at rest and during exercise than adults and chil- 
dren in groups II and III, and the same value as group 
I children. Thus, adults and children with severe 


PS have another indicator of altered myocardial 
function. 

Even among the variables in which an appropriate 
response was obtained, the adults responded differently 
than children in regard to cardiac rate and RV systolic 
pressure. The adults with more severe stenosis had a 
lower cardiac rate and RV systolic pressure than com- 
parable children, but showed the same percentage 
change from rest to exercise. The adults also had a lower 
than expected cardiac index at rest and exercise, which 
cannot be explained by differences in stroke index, but 
by the lower cardiac rate. 

Overall, adults with severe PS have more indication 
of cardiac dysfunction than children with severe PS. 
This suggests that severe PS, if untreated, may have 
adverse myocardial effects. In previous studies,?:!9 after 
operative relief of PS in adults, abnormalities of cardiac 
function were believed to persist. In particular, the 
patients continued to demonstrate an inability to in- 
crease cardiac output appropriately with exercise. The 
2 reasons given were impaired cardiac function secon- 
dary to fibrosis? and more effective oxygen extraction 
such that there was no need to increase cardiac output.!9 
One problem with Johnson's study? is that the patients 
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were different pre- and postoperatively. In our study, 2 


- amd 


adults with severe PS had the lowest cardiac index at - i 
rest and during exercise. It appears that altered myo- 
cardial compliance is responsible for their inability to — 


increase cardiac index appropriately when exercised. 


In contrast, children with severe PS can increase their | 
cardiac index appropriately with exercise. Hence, severe | 


PS should be relieved early. 
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! METHODS 


_ Importance of Imaging Plane for Magnetic Resonance 


NI . Visualization of the left ventricle by magnetic res- 
- onance imaging (MRI) is largely a function of 
d Bohaging planes. The best depiction of the myocar- 
- dium is possible when the imaging plane is per- 
Didndicular to the region of interest. The effect of 
_ imaging plane on the visualization of the left ven- 
_ tricle has not been fully described. To assess this 
$ - effect, 10 normal adults underwent electrocardio- 
Buem gated multiplanar cardiac MRI. The imaging 
_ planes being evaluated were standard planes, 
_ transverse, sagittal and coronal, and modified planes 


- Magnetic resonance imaging (MRI) is generally per- 
-. formed using transverse, coronal and sagittal planes 
E with patients supine. The heart has been visualized by 
. several investigators using these orthogonal planes.!-? 
— In our experience, these planes often reveal evidence of 
n section obliquity manifest by asymmetric left ventric- 
a ular (LV) wall thickness. The LV long axis is directed 
E anteriorly, inferiorly and to the left as viewed from base 
f to apex. Other cardiac imaging modalities, such as 
. contrast ventriculography, echocardiography and gated 
scintigraphy, are performed using the LV axes as spatial 

i ; E oides. Dinsmore et al* described a technique for ob- 
. taining i images of the heart relating to the long axis of 
| _ the left ventricle. Feiglin et al? and Murphy et al® also 
reported techniques for obtaining oblique imaging 

- planes for the heart. Sections through the aortic valve 

_ and apex depicted the LV walls without section obliq- 
fu; - uity, such that wall thickness was symmetric. Specif- 
A ic advantages and disadvantages of each plane with 
. respect to LV imaging have not been described. This 
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Imaging of the Normal Left Ventricle 
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relating to the left ventricular (LV) long axis: coronal 
long axis parallel to the ventricular septum (VS), 
sagittal long axis perpendicular to the VS and 
transverse short axis perpendicular to the VS and 
long axis. The myocardium was separated into 9 
segments. Using each plane, the LV segments were 
evaluated for quality of LV depiction. The planes 
based on the LV long axis were superior to standard 
planes in depicting the LV segments. 


(Am J Cardiol 1985;56:366-372) 


report describes our method for obtaining LV images 
relating to the long axis and reveals the advantages of 
these modified planes for viewing various areas of LV 
anatomy. 


Methods 


Ten volunteers, aged 18 through 45 years, with no clinical 
evidence of cardiac disease were studied. A 0.15-tesla resistive 
magnet (Technicare®) was used. A high-performance, half- 
saddle surface coil was used in the receive-only mode. This coil 
has a signal-to-noise ratio 20096 greater than the frequently 
used toroid send-receive coil. Spin-echo pulse sequences using 
a single spin echo at a delay time of 30 ms (TE) were used in 
all patients. The choice of a single echo allowed 10 slices to be 
obtained during the RR interval, which ranged from 600 to 
1,000 ms. This determined the repetition time (TR) in these 
sequences. Images were acquired on a 128 X 256 matrix. The 
slices were 1 cm thick. The spatial resolution in this mode was 
1.4 X 2.8 X 10 mm. Each acquisition step (Y step) was re- 
peated 4 to 6 times (N) to improve the signal-to-noise ratio. 
The acquisition time was determined by multiplying the 
number of Y steps X N X the average RR interval. 

Surface electrodes were placed on the wrists and the right 
thigh. Electrocardiographic signals were transmitted by te- 
lemetry to a remote receiver (Hewlett-Packard model 71-014). 
The R wave was used as a gating trigger. The first slice of each 
tomographic series was chosen to be in end diastole, 10 ms 
after the R wave, or 300 ms after the R wave, which approxi- 
mated end systole. The phase in which other slices of the series 
were imaged depended on the systolic time intervals at each 
heart rate. To reduce partial saturation effects, alternate slice 
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tion order was r 
| e AREE not p ihe ias e A 
m | iia Fam ning is shown in Table I. 

Imaging in coronal, sagittal and transverse planes were 
. performed by placing the patient supine and centering at 
the nipple line. Ten 1.0-cm-thick contiguous slices were 
obtained. 

M By changing patient position within the magnet and per- 
— — forming a single gradient angle change, planes could be imaged 
i 5 b either perpendicular or parallel to the cardiac long axis. As the 
E 2 cardiac long axis is directed to the left and inferiorly from 
. standard planes, a combination of patient positioning (to 
—- obtain 1 angle conformity) and a gradient angle change (to 
= Obtain a second angle conformity) were needed to image along 
D the long axis. 
= Omne long-axis plane was obtained by placing the patient in 
— . . 80° right anterior oblique. This allowed the LV apex to be 
~ placed laterally with the long axis of the left ventricle parallel 
— . tothe coronal imaging plane. Coronal images were obtained 
4 with the patient in this position to obtain images of the left 
hy A ventricle parallel to the long axis. This was termed the coronal 
. long-axis plane (Fig. 1A). 

A second long-axis plane, perpendicular to the coronal 
" — long-axis plane, was obtained with the patient remaining in 
— . the30? right anterior oblique position. The long axis was de- 
B.  termined by a line bisecting the inflow tract and piercing the 
tan _ LV apex as defined in the coronal long-axis image of the left 
E ventricle. The gradients were chosen based on the angle of this 
D n d relative to the sagittal plane. T'his plane was termed the 
s .long-axis plane (Fig. 1B). 

A third plane, perpendicular to both the sagittal and coronal 

views, was defined by a gradient selection perpen- 

DE dic to the long axis. This was termed the transverse 
p cH ‘short-axis plane (Fig. 1C). 

eh a We) assess the quality of LV depiction using each of these 

planes, the LV wall was divided into segments based on the 

_ . American Heart Association Committee report of 1975.7 The 

~ . septal and posterolateral walls were subdivided into proximal 

|. and distal segments, which allowed 9 segments for analysis. 
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CINES Results 
-. Tn each subject, successful MRI was performed in 
ien nultiple planes. Image quality was not dependent on 
da sing plane in this study. Acquistion time was a 
ae ction of heart rate and the number of signal averages. 
(me Ih ae ‘subjects, this varied between 8 and 12 minutes. 
Y. pe here was an acquisition setup time of about 5 minutes, 
v nd thus 3 to 4 acquisitions could be performed in 1 
hour. Subjects tolerated the procedure well. After 1 hour 
bi d of imaging, some subjects complained of back pain or 
~. . arm numbness, which promptly resolved. No other 


adverse effects were observed in these subjects. 
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3 | TABLE! Sample Series of Image Timing 





A 
Á Cardiac Gate Phase (Heart Rate 
K Slice Delay (ms) 80 beats/min) 
t- 1 10 End diastole 
v. 2 260 Midsystole 
4 3 60 Onset systole 
j 4 310 End systole 
5 110 Early systole 
í 6 360 End systole 
7 160 Early systole 
8 410 Early diastole 
l ji 210 Midsystole 
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OA Saleh siis ks: ned mag ges in e ac. Si th T a " 
spect to LV de depiction will be sera cede The | 
quality of segmental LV depiction using each plane is 
listed in Table II. COME 

Standard imaging planes: Transverse plane ( bi g. fe 
2): Ten contiguous 1-cm-thick slices centered at t 
nipple line always imaged the entire left ventricle in ow ar 
normal subjects in the transverse plane. The left ven- 
tricle was seen on 6 or 7 transverse slices. The ima j5 
were viewed as if below the patient, with the left ven- " 
tricle depicted as an elliptical structure. The proximal A 
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FIGURE 1. Modified planes. A, heart traversed by coronal long axi 7 
plane, parallel to the ventricular septum. Section through anterolate 
and diaphragmatic walls is shown on the right. B, heart traversed by 
sagittal long-axis plane, perpendicular to the ventricular septum. Sectio nc 
through septum and posterolateral wall is shown on the right. C, h ; 
traversed by short-axis plane, perpendicular to the long axis of the le vi 
ventricle. Section reveals circumferential display of left ventric hor T 
walls. NI 
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TABLE II Graded Depiction of Left Ventricular Segments 


Coronal Sagittal Transverse 
Segment Transverse Sagittal Coronal Long Axis Long Axis Short Axis 
Anterobasal ap” - Tt TH — ++ 
Anterolateral + TF T ++ — + 
Proximal 5 T ze - TT dt 
septum 
Distal septum Rs t T =~ ++ + 
Posterobasal ^ t " Jer = ++ 
Diaphragmatic iR det TE ++ = + 
Proximal + + T E Fk EF 
posterolateral " 
Distal T e ++ -— ++ Jh 
posterolateral 
Apia o o Jc OPES Lco PEE 00 a RCM. su DARE CO SU LEP NR 2 
Code: — = poorly defined; 4- = moderate definition, evidence of asymmetric wall thickness; ++ = 


sharp definition, symmetric wall thickness. 


and distal ventricular septum (VS) was easily identified 
with sharp margins and had uniform wall thickness 
across the field except at the base, where normal septal 


- thinning was observed. The anterolateral, posterobasal 


and proximal and distal portions of the posterolateral 
wall were seen to be thicker than the VS, with moderate 


- definition of the walls. The anterobasal, diaphragmatic 
and apical walls were not reliably imaged as discrete 
_ Structures in this plane. The walls were poorly defined 
. and myocardial tissue was not clearly differentiated 
- from the chamber or extracardiac structures. 


Sagittal plane (Fig. 3): A 3- to 4-cm offset to the left 


4 as the center point allowed complete LV imaging in a 


10-slice series in the sagittal plane. The left ventricle was 
identified on 6 or 7 slices. The sections were viewed from 
the patient’s right. The LV chamber was generally 
conical in shape with the vertex directed anteriorly. The 
anterolateral, diaphragmatic and proximal VS had well 
defined margins and uniform wall thickness. The distal 
VS and posterobasal and proximal posterolateral walls 
were moderately well defined with mildly asymmetric 
wall thickness. The anterobasal, apical and distal pos- 
terolateral walls were poorly defined in this plane. 
Coronal plane (Fig. 4): A 1-cm posterior offset as the 
center point allowed complete ventricular imaging in 
10 contiguous slices in all subjects. The left ventricle was 





FIGURE 2. Transverse plane. A, partial volume averaging and section obliquity degrade representation of anterobasal segment (1). B, the ventricular 


septum is uniform in thickness and sharp in outline (6, 7, proximal and distal, respectively). The anterolateral (2) and proximal posterolateral (8) 
. segments are shown thicker than the septum and less sharp in outline. This section was obtained during diastole. C, the anterolateral (2) and distal 


posterolateral (9) segments are shown thicker than the septum during systole. The posterobasal segment (5) is thickened and poorly defined. D, 
the left ventricular apex (3) is not well defined. Wall thickness cannot be defined and signal intensity is variable. LA — left atrium; LV — left ventricle; 


RA = right atrium; RV = right ventricle. 
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seen on 8 or 9 of these sections. In this plane, the images 
were viewed as if looking at the patient anteriorly. The 
LV chamber had a V shape posteriorly through the in- 
flow-outflow portions of the left ventricle. Anteriorly, 
as the VS was encountered, the chamber had an ovoid 
appearance. The anterobasal, diaphragmatic and distal 
posterolateral walls had sharp outlines, uniform wall 
thickness and were clearly distinguished from chamber. 
The anterolateral wall was seen with increasing loss of 
edge discrimination as the apex was approached. The 
pesterobasal and proximal posterolateral walls and 
distal VS were seen with moderate definition but vari- 
able wall thickness using this plane. The proximal VS 
and apical wall were poorly defined and could not be 
reliably distinguished from chamber or extracardiac 
structures using the coronal plane. 

Modified planes: Coronal long-axis plane (Fig. 5): 
By placing the patient in a 30° right anterior oblique 
position and obtaining coronal slices, the entire left 
ventricle could be imaged on 5 or 6 contiguous 1-cm 
sections without an offset. This plane depicted the left 





FIGURE 3. Sagittal plane. A, the sagittal section through medial cardiac 
base reveals the proximal septum (6) sharp in outline. The posterobasal 
(5) wall is unsharp and thickened compared to septum. B, the distal 
septum is thickened and unsharp (7). C, the proximal posterolateral wall 
(8) is indistinct and thickened. The anterolateral wall (2) is sharp and 
of uniform thickness. The diaphragmatic segment (4) is sharp and dis- 
tinct from diaphragm. D, the apex (3) is unsharp and not distinguished 
from adjacent structures. The distal posterolateral wall (9) is markedly 
thickened. LV = left ventricle; PA = pulmonary artery; RV = right 
ventricle. 


ventricle parallel to the VS. The images were viewed as 
if looking at the patient anteriorly with the subject in 
the right anterior oblique position. The LV chamber was 
V-shaped, and this plane fully depicted the cardiac long 
axis. The anterobasal, anterolateral, diaphragmatic and 
posterobasal walls were seen with sharp edge definition 
and uniform wall thickness. The LV apex was also seen 
with sharp edge definition, free of extracardiac struc- 
tures, and in continuity with the remainder of the left 
ventricle. The proximal, and distal VS and proximal and 
distal posterolateral walls were markedly thickened and 
not distinguished from the chamber. 

The adequacy of patient rotation in the right anterior 
oblique position was assessed using this imaging plane. 
Patient positioning was individualized because of slight 
normal differences in the LV axes. When the VS was 
seen in its entirety and parallel to the imaging plane, the 
rotation was considered adequate. If the LV chamber 
was seen in the distal portion of the section through the 
VS, then the patient was underrotated. If the LV 
chamber was seen in the proximal portion of the VS, the 





FIGURE 4. Coronal plane. A, posterior portions of proximal postero- 
lateral (8) and posterobasal (5) segments are distorted. B, anterobasal 
(1) and diaphragmatic (4) walls are symmetric and sharp in this systolic 
image. C, the basilar septum (6) is distorted. The distal septum (7) and 
anterolateral (2) segments are symmetric but not sharp in this diastolic 
image. D, the apex (3) is poorly defined not shown in relation to the 
remainder of left ventricle (LV). A = aorta; LA = left atrium; LV = left 
ventricle; PA = pulmonary artery; RA = right atrium; RV = right 
ventricle. 


. patient was overrotated. Correction in patient position 
_ was then easily accomplished. The acquisition was then 
- repeated with the patient in this new position. The other 
-modifed planes were then obtained based on this 
- plane. 
— Sagittal long-axis plane (Fig. 6): Using the coronal 
- long-axis plane, the orientation of the long axis of the 
- left ventricle was determined. This was based on a line 
_ bisecting the inflow tract and piercing the LV apex. The 
angle between this line and the sagittal imaging plane 
_ was used to determine the sagittal long-axis plane. The 
- left ventricle was completely imaged on 5 or 6 contigu- 
- ous slices using this plane. Electronically determined 
“slice offset was necessary to center the heart in the field 
! when using this plane. The images were viewed as if 
- looking at the patient from below and from the right. 
"The chamber was V-shaped in this plane. The proximal 
, and distal VS and posterolateral walls were sharply 
- defined and of uniform thickness throughout. The ta- 
 pering of the proximal septum as the membranous 
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. FIGURE 5. Coronal long-axis plane. A, section through ventricular 
d septum (6,7) reveals poor wall definition because plane is parallel to 
p septum. B, section through mitral valve and aortic outflow tract reveals 
_ anterobasal (1), anterolateral (2), apical (3), diaphragmatic (4) and 
. posterobasal (5) segments sharply defined with symmetric wall thick- 
. ness in systole. C, diastolic section 1 cm posterior to panel B reveals 
| symmetrically decreased wall thickness in the above segments. The 
| posterior papillary muscle is shown (arrow). D, proximal (8) and distal 
_ (9) posterolateral segments appear artifactually thickened in this dia- 
-stolic section. Ao = aorta; LA = let atrium; LV = left ventricle; PA = 


aiit artery. 
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portion was approached was appreciated in this plane. 


The LV apex was sharply defined, seen in continuity 
with the LV chamber, and depicted free of extracardiac 
structures. The anterobasal, anterolateral, posterobasal 
and diaphragmatic walls were seen with variable wall 
thickness and poor separation from chamber and ex- 
tracardiac structures. 

Transverse short-axis plane (Fig. 7): This plane was 
also based on the coronal long-axis plane. A plane per- 
pendicular to the image determined LV long axis was 
used to image the short axis of the left ventricle. Slice 
offset was again determined electronically based on the 
location of the heart on the coronal long-axis view. In 
this plane, the left ventricle was defined in a normal 
person on 8 or 9 contiguous slices. Images obtained in 
this plane were viewed as if looking at the heart from 
above and to the patient’s right. These images revealed 
the left ventricle as a circular structure with circum- 
ferential depiction of the LV walls. There was difficulty 
in defining the exact location of the atrioventricular 
junction using this plane. In this plane, the anterobasal 
wall, proximal VS and proximal posterolateral and 
posterobasal walls were seen to have sharply defined 
walls and uniform thickness. The anterolateral wall, 
distal VS and diaphragmatic and distal posterolateral 
walls were symmetric in thickness but often mildly in- 
distinct in depiction. The LV apex was markedly 
thickened compared with other areas of the LV myo- 
cardium using this plane and distinction between wall, 
chamber and extracardiac structures was not possible. 
The lateral and posterior papillary muscles were often 
depicted in cross section in midventricular slices in this 
imaging plane. 


Discussion 


Much of the early work with MRI of the heart was 
performed using planes shown useful for imaging other 
areas of the body. Many important cardiac structures 
could be identified using these planes. Critical analysis 
of images performed using these planes reveals signifi- 
cant artifacts that may seriously interfere with attempts 
to evaluate the myocardium and myocardial function. 
Wall thickness is falsely increased when the plane of 
section is oblique to the myocardium. In particular, the 
apical segment is not clearly defined by the standard 
planes. 

The interpretation of cardiac MRI requires attention 
to section obliquity and associated artifacts. Dinsmore 
et alt described a method for obtaining images of the 
heart relating to the LV long axis. This process requires 
a combination of change in patient positioning and a 
single gradient angle change. The degree to which sec- 
tion obliquity degrades myocardial depiction can be 
reduced using the imaging planes described. Planes 
relating to the LV long axis can easily be obtained in the 
normal patient. Using a coronal sectioning plane and 
placing the patient in the right anterior oblique position, 
the LV long axis can be determined based on direct vi- 
sualization of cardiac landmarks. Additional views can 
be obtained based on the image-determined long axis. 
Three planes can be obtained that are generally per- 
pendicular to predictable portions of the myocardium. 
In this study, the left ventricle was separated into 9 
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FIGURE 6. Sagittal long-axis plane. A, 
section through cardiac base reveals 
poor definition of anterobasal (1) and 
anterolateral (2) segments. B, section 
through aortic outflow tract reveals 
sharp definition of proximal (6) and 
distal septum (7), apex (3), and proximal 
(8) and distal (9) posterolateral seg- 
ments in systole. Papillary muscles are 
seen longitudinally within chamber. C, 
4-chamber view in diastole reveals 
symmetrically decreased thickness of 
segments (6,7,8,9). D, posterobasal (5) 
and diaphragmatic (4) segments cannot 
be distinguished from the diaphragm. 
Both atria and atrial septum are seen. 
LA = left atrium; LV = left ventricle; RA 
= right atrium; RV = right ventricle. 


segments to clarify the differences in regional depiction 
by each of the imaging planes. Each plane depicts cer- 
tain segments well and others poorly. Each segment of 
the myocardium can be seen in near perpendicular- 
ity in 2 separate imaging planes using the method 
described. 

The high degree of wall symmetry shown by images 
obtained using the modified planes provides the po- 
tential for greater ability to detect subtle irregularity 
of the myocardium. Demonstration of myocardial 
contraction depends on an accurate depiction of wall 
thickness. Wall thinning, a manifestation of infarction 
and other cardiac diseases, may be better appreciated 
using these planes. Preliminary results of studies per- 
formed on patients with a variety of cardiac diseases 
suggest that these modified planes are valuable in this 
regard.? Tissue characterization, a potentially critical 
element of cardiac evaluation using MRI, requires ho- 
mogeneity of the tissue being sampled. The planes re- 
lating to the long axis of the left ventricle are more likely 
to be perpendicular to the walls and thus yield more 
homogeneous samples of the myocardium. Planes 
oblique to a myocardial segment are subject to the 
phenomenon of partial volume averaging. This may 
blend tissues of diverse signal intensities and thus 
produce unreliable data. 

Demonstration of myocardial contraction by MRI 
also requires knowledge of the phase in which the slice 
was obtained. Using alternate slice selection order and 
appropriate choice of starting slice, adjacent slices can 
be imaged in opposite phases of the cardiac cycle. The 
accuracy of a single alternate slice acquisition in the 
determination of wall motion and cardiac contraction 
depends on slice thickness, thinner slices being more 
similar, and LV size, larger LV size allowing greater 
adjacent slice similarity. To more accurately define LV 
wall motion by MRI, repeat acquisition targeting a slice 














FIGURE 7. Transverse short-axis plane. A, anterobasal (1), proximal 
septum (6), proximal posterolateral (8) and posterobasal (5) segments 
are sharp and symmetric in thickness. B, mid-left ventricular section 
again reveals symmetric sharp segmental depiction circumferentially. 
Lateral and posterior papillary muscles are seen in cross section (ar- 
rows). C, anterolateral (2), distal septum (7) distal posterolateral (9) and 
diaphragmatic (4) segments are symmetric in thickness but there is mild 
indistinctness of the walls. D, apical segment (3) is difficult to separate 
from chamber or extracardiac structures. LV = left ventricle; RV = right 
ventricle. 






fevele i is Seded. 
_ Any 2-dimensional i imaging series of the keart will 
-p otentially view areas of the left ventricle in obliquity. 
The normal LV myocardium has a nearly circular shape 
in in short- -axis views. Thus, in a single multislice acqui- 
i ition, only the central long-axis section can approach 
perp endicularity with the walls. Each additional section 
ES tained i in the acquisition will depict the myocardium 
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with i increasing obliquity as distance from the central 
slice increases. The error is maximal in the slice tan- 
£ ntial to the circular myocardium. Multislice acqui- 
sit ion along the short axis produces i images that are most 
pe rpendicular to the myocardium at the cardiac base, 
wi nere the slope of the walls is minimal. As sections are 
p? 0 btained toward the apex, obliquity increases. 
T _ The method described for obtaining the images along 
the LV long axis is easy to use and allows the examiner 
| ^ focus the examination on a specific region using 
mi ltiple planes. To reduce the time required to perform 
N RI using existing techniques, the examiner must be 
( "Og nizant of alternative views to optimally visualize an 
al onormality in any area of the left ventricle. Other views 
r lay be more useful for defining cardiac anatomy such 
; S the atria and great vessels. These remain to be 
fined. 
. MRIi is a technique with vast potential for defining 
a rdiac anatomy and function. Although many other 
hniques exist for assessing the static and dynamic 
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function, none have the apparent safety and potential 
applicability enjoyed by MRI. All currently available 
imaging techniques have significant limitations, which 
are well known. MRI is time consuming and expensive. 
Its role in providing clinically useful information is 
being evaluated. 


Acknowledgment: We thank Richard Sloane for technical 
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For all the summers after this one. 


We design and build the most reliable and 
cost-effective pacemakers in the world because we 
know each pacemaker helps more than one heart. 





To be continued. 
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he heart is under attack 





ntravenous Lopressor is now accepted as basic protoco É 


or acute MI in more than 350 hospitals. 1 
4 
Reduces 3-month mortalit 1 
E: 


Reduces incidence of ventricular fibrillation 
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The combination of early intravenous administration of E 
opressor followed by long-term oral therapy resulted in a 





definite or suspected acute MI in the Göteborg Trial.' 
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Treatment should be continued for 1-3 yee 
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Lopressor is contraindicated in patients with a heart rate —45 beats/min; significant heart block greater than first degree (P-R interval 
>0.24 sec); systolic blood pressure <100 mmHg; or moderate-to-severe cardiac failure. Please see last page for Brief Summary of 
Bes Prescribing Information. 
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2 j 1. Hjalmarson A, et al: The Góteborg Metoprolol Trial: Effects on mortality and morbidity in acute myocardial infarction. Circulation 1983 

EN (June); 67(suppl 1):I-26-I-32. 

E 2. Rydén L, et al: A double-blind trial of metoprolol in acute myocardial infarction. Effects on ventricular tachyarrhythmias. N Engl J Med 
1983 (Mar 17); 614-617. 
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and protecting nealing hearts in the months ahead 


Tablets 
Ampuls 
Prefilled Syringes 


-Lopressor 


= metoprolol tartrate 


- . BRIEF SUMMARY 
- — (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT) 


K INDICATIONS AND USAGE 
= Myocardial Infarction 
= Lopressor ampuls, prefilled syringes and tablets are indicated 
^" A in the treatment of hemodynamically stable patients with 

= . definite or suspected acute myocardial infarction to reduce 

: cardiovascular mortality. Treatment with intravenous 

= Lopressor can be initiated as soon as the patient's clinical 

= condition allows (see DOSAGE AND ADMINISTRATION, 

= CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
c ment can begin within 3 to 10 days of the acute event (see 

- — DOSAGE AND ADMINISTRATION). 


ke. - CONTRAINDICATIONS 
= Myocardial Infarction 
—— Lopressor is contraindicated in patients with a heart rate 
— < 45 beats/min; significant heart block greater than first 
-. degree (P-R interval = 0.24 sec); systolic blood pressure 
= . «€ 100 mmHg; or moderate-to-severe cardiac failure 
a. (see WARNINGS). 
—. WARNINGS 
Pm 
= Myocardial Infarction 
— . Cardiac Failure: Sympathetic stimulation is a vital compo- 
= . ment supporting circulatory function, and beta blockade 
~ carries the potential hazard of depressing myocardial con- 
= tractility and precipitating or exacerbating minimal cardiac 
— failure. 
During treatment with Lopressor, the hemodynamic status 
= Of the patient should be carefully monitored. If heart failure 
^... Occurs or persists despite appropriate treatment, Lopressor 
- — should be discontinued. 
—— Bradycardia: Lopressor produces a decrease in sinus 
< heart rate in most patients; this decrease is greatest among 
= patients with high initial heart rates and least among patients 
— .. with low initial heart rates. Acute myocardial infarction 
- (particularly inferior infarction) may in itself produce signifi- 
- . cant lowering of the sinus rate. If the sinus rate decreases 
= . to < 40 beats/min, particularly if associated with evidence 
~ Of lowered cardiac output, atropine (0.25-0.5 mg) should be 
- administered intravenously. If treatment with atropine is not 
- Successful, Lopressor should be discontinued, and cautious 
< administration of isoproterenol or installation of a cardiac 
= pacemaker should be considered. 
... AV Block: Lopressor slows AV conduction and may 
~ produce significant first- (P-R interval =0.26 sec), second-, 
~ er third-degree heart block. Acute myocardial infarction also 
- —— produces heart block. 
~ M heart block occurs, Lopressor should be discontinued 
= and atropine (0.25-0.5 mg) should be administered intra- 
E. venously. If treatment with atropine is not successful, 
At cautious administration of isoproterenol or installation of a 
= Cardiac pacemaker should be considered. 
" jur Hypotension: If hypotension (systolic blood pressure 
~~ = 90 mmHg) occurs, Lopressor should be discontinued, 
—- and the hemodynamic status of the patient and the extent of 
N s myocardial damage carefully assessed. Invasive monitoring 
Of central venous, pulmonary capillary wedge, and arterial 
~ pressures may be required. Appropriate therapy with fluids, 
1 |... Positive inotropic agents, balloon counterpulsation, or other 
Y. . treatment modalities should be instituted. If hypotension is 
— associated with sinus bradycardia or AV block, treatment 
_ — Should be directed at reversing these (see above). 
.. _ Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
= SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
— . BETA BLOCKERS. Because of its relative beta, selectivity, 
— Lopressor may be used with extreme caution in patients 
= with bronchospastic disease. Because it is unknown to what 
= extent beta;-stimulating agents may exacerbate myocardial 
. . ischemia and the extent of infarction, these agents should 
= mot be used prophylactically. If bronchospasm not related 
= to congestive heart failure occurs, Lopressor should be 
i . discontinued. A theophylline derivative or a beta, agonist 
may be administered cautiously, depending on the clinical 
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condition of the patient. Both theophylline derivatives and 
beta, agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g.. reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
between treated and control mice of either sex for any type 
of tumor. 

Pregnancy Category B 

Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when Lopressor 
is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established 
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ADVERSE REACTIONS j 

Myocardial Intarction 

Central Nervous System: Tiredness has been reported in 

about 1 of 100 patients. Vertigo, sleep disturbances, H@lluci- f 

nations, headache, dizziness, visuai disturbances, confusion, 

and reduced libido have also been reported, but a drug T 

relationship is not clear. a 
Cardiovascular: In the randomized comparison of 

Lopressor and placebo described in the CLINICAL PHAR- 

nation ty section, the following adverse reactions were 

reported: 


Lopressor Placebo 
Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 
Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 
Second- or 4.7% 4.7% 
third-degree heart block 
First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) » 
Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium, 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 
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EXPERIMENTAL STUDIES 


Anatomic and Hemodynamic Effects of Catheter-Delivered 1 


; Ablation Energies in the Ventricle 


FRANCIS C. KEMPF, Jr., MD, RITA A. FALCONE, MS, RENATO V. IOZZO, MD, 
and MARK E. JOSEPHSON, MD 





Twenty dogs were studied to characterize the an- 
atomic, hemodynamic and pathologic effects of 
catheter-delivered cardioversion (CDCV ) in the left 
ventricle. Five dogs each received 1 CDCV of either 
50, 100, 200 or 300 J at the left ventricular apex. The 
injury occurred at the posteroinferior apex. Struc- 
tural integrity of the ventricle remained intact. En- 
ergy doses of 50 and 100 J resulted in focal suben- 
domyocardial injury. Higher energy levels resulted 
in localized transmural injury. There was a linear 
dose-related correlation between the volume of 





Excision or destruction of diseased cardiac structures 
has been useful in the management of refractory ar- 
rhythmias. The use of various surgical techniques as 
well as thermal or caustic injury has been used to treat 
human arrhythmias. Until recently, these techniques 
required an open-chest surgical procedure with direct 
exposure of the heart. Investigators have recently shown 
that localized tissue destruction may be produced by the 
delivery of high currents of energy to the myocardium 
via a catheter. Gallagher, Scheinman and their co- 
workers!” showed that this technique can produce 
atrioventricular block in the region of the His bundle. 
This intervention has been useful in the management 
of supraventricular arrhythmias.? Recently, this tech- 
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injury and delivered energy. Electrocardiographic — 

changes were seen immediately in all dogs. Fifteen — 
dogs had acute, transient ventricular arrhythmias. 
One dog died with refractory arrhythmias. Minimal 
hemodynamic changes were associated with the 
CDCV. Unique histopathologic changes were ob- — 
served. Thus, local tissue destruction can be pro- 
duced with CDCV. The extent of injury is dose-re- — 
lated and is associated with minimum hemodynamic  - 
changes. The lesion may be acutely arrhythmo- 
(Am J Cardiol 1985;56:373-377) 


genic. 


nique was used to control refractory ventricular ar- - 


rhythmias in humans.‘ Little is known about the vari- 


ables that may affect controlled catheter destruction of 


ventricular endomyocardium. In this investigation, we 


examined the effects of controlled catheter delivery of — - 
variable direct current energy doses to the canine left  . 
ventricular apex to assess (1) the extent of pathologic — 
damage induced by catheter-delivered energy, (2) the — - 


degree of arrhythmogenicity and (3) the magnitude of 


hemodynamic effects. We characterized the extent and — - 
location of injury induced by variable doses of electrical — 
discharge and determined the optimal dose of electrical — | 
injury capable of local tissue destruction with minimal 


mechanical and hemodynamic impairment. 


Methods 


Twenty dogs that weighed between 15 and 20 kg were tal 
studied under conditions consistent with the National Insti- Aa 
tutes of Health and the University of Pennsylvania’s guiding __ 


principles for animal care. After induction of anesthesia with 


pentobarbital (30 mg/kg), each dog was intubated and ven- . * 








tilated with a positive pressure Harvard respirator. The dogs — 


were warmed with an external lamp. Arterial and mixed ve- o> 
nous blood gases as well as serum electrolytes were monitored. __ 
Surface electrocardiograms were continually monitored. Using — 
sterile technique, a percutaneous cutdown to the internal  . 


jugular vein and common carotid artery was performed 


through a left lateral cervical incision. An Edwards No. 6Fr + 
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P TABLE! Hemodynamic Chansee After Electrical Injury | 
v. Baseline Acute Chronic 
i Aortic pressure 78+8 75 +11 NS 76+ 16 NS 
i (mean) 
k? Right atrial pressure 2.2+ 1.4 2.0 + 1.6 NS 2.6 + 1.6 NS 
S. Right ventricular 133 15 13 NS 16 2 p «0.01* 
- pressure, systolic 
Pulmonary artery 8+2 9+2 NS 10+ 3 p <0.01* 
pressure (mean) 
Pulmonary capillary 2.4+ 1.5 2.4 t 1.9 NS 3.5 + 1.3 p <0.01* 
wedge pressure 
* P values when data were measured at 2 weeks compared with data obtained in the baseline state. . 


NS - not significant. 





E ran- Ganz catheter was inserted under fluoroscopic guidance 
_ through the jugular vein to the pulmonary artery. Hemody- 
* namic values were measured with a Statham strain gauge 
- transducer and recorded on a Gould recorder. Baseline he- 
. modynamic measurements, including right atrial, right ven- 
. tricular, pulmonary artery and pulmonary capillary wedge 
- pressures, were recorded in the control period with the dog in 
. the left lateral decubitus position. 

— A No. 7Fr Cordis sheath was introduced into the carotid 
artery to monitor aortic pressure continuously. A USCI 6Fr 
| - quadripolar catheter with 0.5-cm intraelectrode distance was 







. inserted and passed with fluoroscopy to the left ventricular 
.. apex. Surface leads 1, 2, 3, aVL, aVR and aVF and a left pre- 
4 cordial lead were recorded in the control period. Catheter 
_ stability was determined by fluoroscopy and the ability to 
_ maintain a pacing threshold at less than 0.5 mA. 

— . Electrophysiologic protocol: A baseline electrophysio- 
— logic study was performed to assess inducibility of ventricular 
4  arrhythmias. Single, double and triple extrastimuli were de- 
: -livered to the left ventricular apex after 8 beats at consistent 
-drive cycle lengths of 300 and 250 ms, using an optically iso- 
- lated digital stimulator (Bloom Associates) delivering 1 ms 
rectangular pulses at 2 times diastolic threshold. Rapid ven- 

_ tricular (burst) pacing to 2:1 capture was also performed. 
~ After baseline hemodynamic and electrophysiologic testing 
was performed, an R-wave-synchronized, direct-current 
. electrical discharge was delivered through the distal pole of 

the catheter that served the cathode. The back paddle was the 
anode and was located at the left paraspinal dorsal thorax. The 





back paddle was placed at a shaved region and was coated with 

. a standard electrolyte gel. The catheter was attached via a 
— special adapter (USCI) to a defibrillator capable of delivering 
— variable energy doses between 10 and 400 watt-seconds. The 
~ energy was delivered in a 5-ms truncated waveform. The dogs 
_ were in the left lateral decubitus position. The shock was de- 
— livered to 20 dogs: 5 dogs each received 50, 100, 200 or 300 
— watt-seconds. No prophylactic antiarrhythmic therapy was 
J administered. 
- After delivery of the electrical discharge, repeat hemody- 
= namic measurements were performed. After the dogs were 
_ determined to be in a stable electrophysiologic and hemody- 
As namic condition, general anesthesia was discontinued and the 

J. animal was extubated. All intravascular catheters were re- 
: moved, the vessels were ligated, and the incisions were closed 
. using sterile technique. Prophylactic cefazolin and strepto- 
A mycin was administered. 
5 Follow-up study: Two weeks after the initial experiment, 
4 _ the dogs were returned to the laboratory and anesthetized 
en 








with pentabarbital in a manner previously described. They 
. again underwent endotracheal intubation and were ventilated 
. with a Harvard positive pressure respirator. Using sterile 
technique, a cutdown to the internal jugular vein and carotid 
1 artery was performed from a right lateral cervical incision. 
| 


Catheters were positioned as previously described. Repeat 
hemodynamic measurements were obtained. A left thora- 
cotomy was then performed under sterile conditions. The 
heart was suspended in a pericardial cradle. Anatomic land- 
marks were assessed and photographs were taken with the 
heart in situ. A gross assessment of the location, extent and 
site of epicardial injury was made. The dogs were then 
killed. 

Morphologic studies: The hearts were removed and ex- 
amined for gross pathology. The hearts were immediately 
fixed in buffered 10% formaldehyde solution at room tem- 
perature and 48 hours later were embedded in gel. After 
fixation, the heart was sliced in 5-mm serial sections. Planim- 
etry of the involved area was performed and volume of the 
induced injury was calculated. 

Representative cross sections of formalin-fixed hearts from 
each group were studied by light microscopy. The sampling 
procedure was aimed at determining the extent of mycoardial 
necrosis and repair in the area injured as well as any possible 
damage in the remaining myocardial tissue. Therefore, sam- 
ples studied included the entire area that appeared grossly 
damaged, portions of the tissue immediately adjacent and 
portions of the left ventricle located at 2 to 3 cm from the site 
of primary injury. The sections were taken systematically from 
animals of various groups and were stained with hematoxy- 
lin-eosin. Special stains for collagen and elastic tissue were also 
performed as described previously.4 


Results 


Acute observations: Immediately after the single 
direct-current shock, all dogs had evidence of myocar- 
dial injury on surface electrocardiogram. In 10 of 20 
dogs, ST-segment elevation in surface leads 2, 3 and 
aVF was observed. Nonsustained ventricular tachy- 
cardia (at least 3 but no more than 10) consecutive 
ventricular beats were seen in 9 dogs in the acute post- 
shock period. In 5 dogs, a sustained fascicular rhythm 
at a cycle length between 320 and 400 ms was observed, 
which lasted between 1 and 9 minutes. One dog that 
received 300 J died; the dog had ventricular tachycardia 
degenerating to ventricular fibrillation that was unre- 
sponsive to antiarrhythmic therapy and repeated ex- 
ternal cardioversion. Transient complete atrioventric- 
ular block (15 seconds) was seen in 1 dog. 

Acute hemodynamies: Compared with the 
hemodynamic measurements at baseline, there were no 
statistically significant changes in mean aortic, right 
atrial, right ventricular, pulmonary artery or pulmonary 
capillary wedge pressures immediately after the shocks 
(Table I). 
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FIGURE 1. Relation of energy and volume of injury: a dose-related re- 
sponse of tissue injury to delivered energy. 


Chronic hemodynamic data: The hemodynamic 
sequelae of the electrical injury measured 14 days later 
are shown in Table I. Statistically significant but clin- 
ically minimum changes occurred in right ventricular, 
pulmonary artery and pulmonary capillary wedge 
pressures. 

Location of injury: In all dogs the injury was at the 
posteroinferior apex without involvement of septal or 
papillary muscle sites. Energy doses of 50 and 100 J 
resulted in subendocardial and focal subendomyocar- 
dial injury. Higher energy levels (200 and 300 J) gen- 
erally resulted in localized transmural injury. 

Planimetry of the involved areas revealed a dose- 
related necrosis and fibrosis (Fig. 1). In the 5 dogs that 
received 50 J of energy, and the mean volume of necrosis 
and resultant scar was 0.46 + 0.02 cm?. In the 5 dogs that 
received 100 J of energy, the mean volume of injury was 
0.87 + 0.1 cm?. In the animals that received 200 J, the 
mean volume of injury was 1.9 + 0.25 cm?. In the ani- 
mals that received 300 J, the mean volume of injury was 
2.3 + 0.2 cm. 

In no dog was intracavitary or adherent intaventri- 
cular thrombus detected. In all dogs the integrity of the 
endocardial surface appeared grossly to be intact. 

Morphologic observations: The following mor- 
phologic observations were made for each level of elec- 
trical injury. 

Fifty joules: At this energy level, there was an in- 
volvement of 35 to 40% of the cross-sectional area of the 
left ventricular wall with fibrosis and granulation tissue 
(Fig. 2a). Interestingly, within the area of granulation 
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FIGURE 2. a and b, morphologic changes associated with 50 J; c, 100° 3] 
J; and d, 200 J. Note presence of granulation tissue (a) of foreign body  - 
giant cells and calcium deposits (b) at low energy level. At higher energy — 
levels, there is chronic inflammatory cell infiltrate at the periphery of — 
the lesion (c) and extensive fibrosis (c and d). 





4 
tissue, there were numerous foreign body giant cells and — 
extensive calcium deposits (Fig. 2b). However, no sig- — 
nificant collagen deposition or elastic damage was seen — 
in the area of the injury. The endocardium and epicar- - 
dium away from the injury site were normal. ! 

One hundred joules: The lesion involved 60 to 70% — 
of the cross-sectional area of the left ventricle (Fig. 3). — 
There was marked fibrosis, granulation tissue, and 4 
diffuse collagen deposition (Fig. 2c). Numerous mac- 7 
rophages and lymphocytes were also noted at the pe- 
riphery of the fibrotic response. However, no significant 
calcification or foreign body giant cell reaction was ob- — 
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| 
FIGURE 3. Gross anatomic lesion after a 100-J shock. Left, 5-mm cross _ 
section of left ventricle with visible lesion involving 70% of the ven- 1 
tricular wall. Right, representation of the cross-section with area of : 
injury outlined. % 
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- served. As in 50 J injury, no significant damage was 
- noted distally from the injury. Focal disruption of the 
- elastic layers at the site of the injury was also noted. 
-Two hundred joules: The lesion involved up to 100% 
- of the cross-sectional area of the left ventricle, and in 
- 1occasion, there was marked thinning of the wall. There 
- was extensive fibrosis without calcification or giant cells 
. (Fig. 2d). Extensive collagenization and disruption 
- of the elastic layer in the area of injury were also 
. observed. 
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- Three hundred joules: There was 100% involvement 


" 4 


1 of the cross-sectional area of the left ventricle by the 
- injury (Fig. 4). Marked collagenization (Fig. 5a) with 
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Note extensive fibrosis and collagenization of the injured area, which 
. is surrounded by chronic inflammatory cell infiltrate (a). Distal to 
. the site of injury, there are foci of chronic inflammatory cells in the 
_ interstitium (b) as well as epicardial (c) and endocardial cell hyper- 
Brea (d). 








FIGURE 4. Gross anatomic lesion after 
300-J shock. Left, 5-mm cross-section 
of left ventricle with visible transmur&l 
lesion of the ventricular wall. Right, 
representation of the cross section with 
area of injury outlined. 


chronic inflammatory infiltrates at the periphery were 
noted. However, calcification and foreign body giant 
cells were not observed. Interestingly, in the 200- and 
300-J injuries, there were foci of interstitial chronic 
inflammatory cells within the interstitium up to several 
centimeters from the original site of injury (Fig. 5b). In 
addition, there were foci of epicardial cell hyperplasia 
(Fig. 5c) as well as scattered foci of endocardial cell 
hyperplasia (Fig. 5d), which occurred in the vicinity of 
the primary site of electrical injury. 

The results indicate that in low-energy (50 to 100 J) 
injuries, there is significant chronic inflammatory cell 
infiltrate calcium deposition and foreign body giant cell 
reaction, with minimal or absent injury in the remainder 
of the endomyocardium. However, at the 200- to 300-J 
level, the level was transmural, highly fibrotic and 
lacked the foreign body giant cell reaction and calcifi- 
cation. Furthermore, at 200 to 300 J there was micro- 
scopic evidence of distal injury, particularly in the en- 
domyocardium and in the interstitium where foci of 
fibrosis and chronic inflammatory cells away from the 
site of primary injury were found. The small arteries and 
arterioles were not affected and elastic stain did not 
reveal any destruction of the elastic laminae or any 
endothelial damage. 


Discussion 


Disruption or interruption of the substrate of ven- 
tricular tachyarrhythmias has been performed using a 
variety of surgical techniques, including subendocardial 
resection, cryoablation and encircling endocardial 
ventriculotomy.?-? The use of closed-chest, percuta- 
neous techniques to cause endomyocardial damage and 
ablate ventricular tachycardia may have potential value, 
if the safety, effectiveness and lack of long-term se- 
quelae could be assured. 

This study suggests that the location and amount of 
damage induced by catheter-delivered energies may be 


dependent on local factors and delivery technique. The 
success of our technique to focally destroy tissue re- 
quired a precise, reproducible and stable catheter po- 
sition. There is a graded dose response of the amount 
of delivered energy to the volume of destroyed tissue. 
This suggests the potential capability of energy dose 
titration to reach a specific depth in order to ablate a 
tachycardia circuit. Injured myocardium or the area at 
risk for injury when energy is delivered between the 
catheter (cathode) and the anode is the tissue that is 
géometrically interposed between the electrical circuit. 
This would suggest the possibility that catheter-deliv- 
ered energies could be directed to various cardiac sites 
by the manipulation of the spatial relation of the cath- 
ode, myocardium and anode. Further work is required 
to evaluate the ability to precisely direct catheter-de- 
livered energy in order to control the depth as well as the 
precise location of induced injury. 

By maintaining excellent pacing threshold, we ob- 
viated the problem of catheter contact and stability in 
relation to the ventricular myocardium. To prevent a 
high current density by energies arching between an 
adjacent pole of the catheter, the proximal poles on the 
catheter were electrically isolated. Thus, current was 
directed away from the catheter tip toward the anode. 
This would explain why shocks from the distal electrode 
that was in close proximity to the endocardial surface 
were uniformly effective in producing a local injury. 

We did not assess the variability of waveform shape 
and duration of delivered energy. Also, we did not cal- 
culate resistance during the time of the shock. All of 
these variables may have significant influences on the 
degree, location and depth of injury. 

The gross anatomic findings in these dogs revealed 
that the effect of catheter-delivered energy is focal. The 
volume of injury did not exceed 4.3 cm? in any dog; thus, 
in a typical 20-kg animal this would reflect less than 5% 
of the total myocardial mass. This finding documents 
that most of the left ventricular tissue is largely unaf- 
fected. Therefore, the ability to locally and selectively 
destroy areas of the endomyocardium using a closed- 
chest technique may indeed be possible. 

The microscopic findings resemble those reported by 
Bardy et al® after atrioventricular ablation; however, 
previously unreported and interesting patterns of 
ventricular injury were documented. In necrotic myo- 
cardium, calcium deposition was detectable. This type 
of injury with focal gross calcification is a pattern that 
appears to be unique to this technique of catheter-de- 
livered energies. Previous reports have shown intra- 
mitochondrial calcification in reperfused areas of 
acutely ischemic myocardium. However, this pathologic 
pattern has not been described in human morphologic 
studies. In addition, an intense mononuclear cell infil- 
tration into the area of necrosis was present with con- 
sequent fibrosis. A focal proliferation of the endothe- 
lium was detected. At lower energy levels (50 and 100 
J), focal granulomas with giant cell formation were ob- 
served. These areas had local gross calcium deposition. 


Therefore, the most remarkable histologic changes 
produced by catheter-delivered shocks are myocardial 
degeneration, mononuclear cell infiltration, granuloma 
formation with the presence of giant cells and focal 
scattered calcium deposition. Fibrosis is intense and 
focal. 

Applicability to human ventricular tachycardia: 
The current study cannot be directly translated to 
human application. The effects of catheter-delivered 
energy on previously scarred myocardium may be dif- 
ferent from those on the induced lesion on normal ca- 
nine myocardium. The substrate for human ventricular 
tachycardia is in the scarred subendocardium at the site 
of a previous myocardial infarction. Moreover, the ef- 
ficacy of ablating ventricular tachycardia was not as- 
sessed in our study.? Further evaluation of the tech- 
nique requires evaluation in a model that resembles the 
anatomic and electrophysiologic substrate of human 
ventricular tachycardia. 

In summary, catheter-delivered energy is acutely 
associated with several transient ventricular arrhyth- 
mias. In 1 dog, these arrhythmias degenerated to ven- 
tricular fibrillation, which was refractory to pharma- 
cologic and electrical cardioversion. The surface 
electrocardiogram may acutely change immediately 
after the shock but returned to the baseline recording 
within the 2-week observation period. At no time did 
catheter-delivered cardioversion energy alter the in- 
tegrity of the ventricular walls in any of the 20 dogs. 
There was no evidence of perforation, tamponade, pa- 
pilary muscle disruption or valvular lesions. And fi- 
nally, despite local muscular necrosis and resultant fi- 
brosis, the injury induced by catheter-delivered shock 
is associated with minimal chronic hemodynamic 
changes. 
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AJC 25 YEARS AGO 


The AJC in August 1960 


WILLIAM C. ROBERTS, MD 


The AJC in August 1960 contained 44 articles occupying 330 
pages, including a 27-article symposium on fibrinolysis, un- 
derwritten by Merck Sharp & Dohme. I will comment on 7 of 
the 44 articles. 

The lead article, entitled *Radioiodine Uptake by the In- 
farcted Heart,” by Dreyfuss et al,! from Jerusalem, was one 
of the early reports hinting at the diagnostic usefulness of 
radioisotopes to clinical cardiology. Stimulated by the chance 
observation of radioiodine uptake by a pulmonary infarct, 
these authors gave 100 to 200 uCi of iodine-131 in a carrier-free 
form in the fasting state and recorded isotope counts daily 
over the chest wall beginning 24 hours after the oral ingestion 
and extending for 2 weeks. All 23 patients with acute myo- 
cardial infarction (AMI) showed increased uptake of ra- 
dioiodine over the infarcted area of the heart compared with 
uptake determined over the corresponding area in the right 
side of the chest. 

Sigler,? from Brooklyn, described lengths of survival and 
ages at death in 974 patients followed from the initial mani- 
festation of coronary artery disease (CAD) (either AMI or 
angina pectoris) to death. The mean length of survival of the 
705 men (72%) was 6.2 years and that for the 269 women (28%) 
was 5.6 years (Table I). The mean age of death in the 705 men 
was 60 years and for the 269 women, 64 years (Table II). The 
mean length of survival after AMI in 474 men was 5.4 years, 
and that for 167 women was 4.2 years (Table III). Of the 974 
patients with symptomatic CAD, 8496 died from consequences 
of the CAD and 16% from non-CAD causes. In 1957, the av- 
erage life expectancy for men in the USA was 67.1 years and 
that for women was 73.5 years. Thus, the male CAD patients 
lived 7 years shorter than expected and the female CAD pa- 
tients nearly 10 years shorter than expected. This study may 
be the largest with the longest follow-up of any natural-history 
study of patients with symptomatic CAD. It is unclear how 
“sudden death” cases were handled. 

Rosenberg and Malach? described clinical and morphologic 
cardiac findings in 64 patients with fatal AMI seen in a single 
year in a county hospital in Brooklyn. Of the 64 patients, the 
infarct was transmural! in 61 (95%); a thrombus was found in 
8 coronary artery in 37 (5896); left ventricular free wall rupture 
occurred in 3 (5%); fibrinous “pericarditis” in 13 (20%); and 


. left ventricular mural thrombus in 21 patients (33%). The 


anterior left ventricular wall was infarcted in 42 patients 
(6596), the posterior wall in 7 (1796), both walls in 5 patients 
(8%), and the "septum" in 4 patients (6%); 39 patients (60%) 
died suddenly and 25 (4096) from shock or congestive heart 
failure. ‘These natural history studies are becoming less fre- 
quent in our present era of low autopsy percentages. 

The symposium on fibrinolysis is more significant today 
than when it was published 25 years ago. Koller,* from Zurich, 
briefly reviewed some historic features of fibrinolysis. He 


TABLE! Length of Survival of 974 Patients with 
Symptomatic Coronary Artery Disease 
Years After Onset Men (n = 705) Women (n = 269) 
0.5 28 12 
1 54 15 
2 68 29 
3 84 44 
4 70 32 
5 76 27 
6 70 22 
7 50 17 
8 35 16 
9 29 11 
10 34 15 
11 28 3 
12 17 12 
13 11 1 
14 10 2 
15 8 5 
16 5 2 
17 7 1 
18 2 1 
19 1 1 
20 6 zas 
21 5 "m 

22 2 

23 1 

25 1 

26 Eu 1 
27 1 

30 

35 1 

AQ 1 eae 
Mean 6.2 5.6 


pointed out that it was Morgagni, in 1761, who first mentioned 
that after sudden death the blood remained uncoagulable. 
Denis and Zimmermann observed about 1838 that fibrin of 
blood obtained from wet cupping redissolved in 12 to 24 hours. 
The term “fibrinolysis” was first proposed by Dastre in 1893. 
Denys and Marbaix in 1889 produced proteolytic activity in 
serum by treating it with chloroform; T'agnon demonstrated 
in 1942 that the proteolytic enzyme was fibrinolysin (plasmin). 
Tillett and Garner showed in 1933 that human plasma clots 
were rapidly dissolved in the presence of filtrates of certain 
strains of streptococci, and Ruegsegger and associates first 
dissolved experimental induced coronary thrombi by 
fibrinolysis. 

This is an exciting symposium in light of today's therapeutic 
uses of fibrinolytic agents. Boyles et al? described the com- 
parative effectiveness of intravenous and intraarterial fibri- 
nolysin therapy in dogs. The rate of lysis of induced coronary 
and carotid artery thrombi was not significantly affected by 
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TABLE |I| Age at Death (In Decades) from Coronary Artery 


Disease 
Men (n = 705) Women (n = 289) 
Ages (yr) NO. (96) No. (96) 
20—29 2 (<1) 3 (1) 
30-39 12 (2) 3 (1) 
40-49 74 (11) 21 (8) 
50-59 239 (34) 73 (27) 
60-69 260 (37) 110 (41) 
70-79 101 (14) 46 (17) 
e _ 80-89 17 (2) 11 (4) 
>90 — (—) 2 (1) 
Mean 60 64 
Range 30-84 26-90 


the intravenous administration of human fibrinolysin. In- 
traarterial administration, however, was successful. They 
concluded that the intraarterial route was the mode of choice 
for administering fibrinolysin in the treatment of acute ar- 
terial thrombosis or embolism. 

Boucek et al, from Miami, injected fibrinolysin (throm- 
bolysin) via a catheter, the tip of which was located in the 
aortic root, in 8 patients 4 to 12 hours after onset of AMI. Fi- 
brinolysin (0.3 ml of perfusate consisting of 1,000 units/ml of 
fibrinolysin in normal saline solution) was delivered with every 
fourth cardiac cycle. Each milliliter was supplemented with 
0.4 mg of heparin. À maximum of 75,000 units of fibrinolysin 
was delivered in about 1 hour. A slow intravenous drip of 5% 
glucose was continued for 12 hours, delivering 125,000 units 
of fibrinolysin and 50 mg of heparin. Of the 8 patients, 7 tol- 
erated the procedure without incident. Clinical, enzymatic and 
electrocardiographic findings after the perfusion suggested 
to the authors that 6 of their 8 patients probably had reper- 
fusion of the coronary artery. Of course, coronary angiography 
was not used at the time. 

Richter et al,’ from Brooklyn, administered thrombolysin 
to 45 patients with AMI. The fibrinolysin was begun in most 
patients within 10 hours of onset of chest pain via continuous 
intravenous drip. The dosage was about 1,000 units/kg body 
weight per hour for 6 to 8 hours a day for 4 days. The diluent 
was 5% dextrose in water, 150 ml for each 20-hour period. 
Warfarin was begun a few hours after the last dose of throm- 
bolysin. Of the 45 patients, 6 died. Of the 39 survivors, 38 had 
permanent and striking relief of precordial pain within a short 
time after thrombolysin treatment was begun and during the 
hospital stay. The authors stressed that “early institution of 
thrombolytic therapy is imperative for optimum results." 


TABLE fll Duration Between First Acute Myocardial 
Infarct and Death 


Men (n — 474) Women (n — 167) 
Time (yr) No. (96) No. (96) 
<1 mo. 21 (4.4) 11 (6.2) 
>1-2 mo. 14 (3.1) 11 (6.2) 
72-6 mo. 28 (5.9) 18 (9.2) 
26 mo.-1 yr. 48 (10.1) 19 (11.2) 
2 41 (8.6) 24 (14.1) 
3 45 (9.5) 22 (13.0) 
4 37 (7.9) 25 (14.8) 
5 37 (7.9) 6 (3.4) 
6 45 (9.5) 5 (2.8) 
7 23 (4.9) 6 (3.4) 
8 25 (5.2) 10 (5.7) 
9 27 (5.7) 4 (2.1) 
10 21 (4.4) 7 (3.5) 
11 22 (4.6) 2 (1.0) 
12 15 (3.2) 3 (1.5) 
13 10 (2.1) 1 (0.5) 
14 2 (0.4) 1 (0.5) 
15 2 (0.4) 2 (1.0) 
16 2 (0.4) eee eee 
17 4 (0.8) eee e. 
18 1 (0.2) ves 
19 es s.a q (0.5) 
21 1 (0.2) ra 
22 1 (0.2) i 
26 z 1 (0.5) 
27 1 (0.2) "s 
30 1 (0.2) 
Mean 5.4 4.2 


Adverse effects were relatively minor. Despite the good pre- 
liminary results, it took another 20 years before thrombolysin 
therapy for AMI returned. 


References 


1. Dreyfuss F, Ben-Porath M, Menczel J. Radlolodine uptake by the Infarcted 
heart. Am J Cardiol 1960;6:237-246. 

2. Sigier LH. Prognosis of angina pectoris and myocardial infarction. Further 
report. Am J Cardio! 1980;6:252-258. 

Rosenberg BA, Malach M. Acute myocardial Inferction In a clty hospital. IV. 

Clinical-pathologic correlations. Am J Cardiol 1960;6:272- 280. 

. Koller F. The development of our knowledge of fibrinolysis. Am J Cardiol 

1960;6:367-370. 

. Boyles PW, Meyer WH, Graff J, Ashley CC, Ripic RG. Comparative effec- 
tiveness of intravenous and intra-arterial fibrinolysin therapy. Am J Cardio! 
1960;6:439-446. 

6. Boucek RJ, Murphy WP Jr, Sommer LS, Voudoukls LJ. Segmental perfusion 
of the coronary arteries with fibrinotysin In man following a myocardial in- 
farction. Am J Cardio! 1960;6:525-533. 

T, Richter IH, Musacchio F, Clifton EE, Nassar A, Kaplan L, Favazza AG, 
Akbar! A. nces with clot-lysing agents in coronary thrombosis. Am 

J Cardio! 1960;6:534--539. 


a a gp 


FROM THE EDITOR 





~ Country of Origin of Articles in the AJC in 1984 


Although the “A” In the AJC stands for American, the. 


"A" actually means ''published in America," not neces- 
sarily "authored in America." As the accompanying table 
Indicates, nearly 30% of all long reports, brief reports, 
editorials and letters published In the AJC in 1984 were 


"produced by authors living In a country other than the USA. 


Of the 826 articles and letters published In the AJC In 1984, 
582 (70.5%) came from the USA and 244 (29.5%) came 
from 30 other countries. Of the 244 non-USA contributed 
articles, 26 (3.1% of the total) came from Canada and 26 
(3.1%) came from Japan; 24 (2.9%) from the Federal 
Republic of Germany; 22 (2.7%) from Italy; 20 (2.4% ) from 
England; 19 (2.396) from Israel; 7 (0.876) from Australla; 
7 (0.896) from France; and 6 (0.796) from Belglum, 6 
(0.7 96) from Spain, and 6 (0.7 96) from Switzerland. Fifteen 


. countries each contributed 1 or 2 articles or letters. The 


United Kingdom (England, Scotland, Northern Ireland and 


Long Brief 
Reports Reports 
No. (%) No. (96) 
1 USA 346 (70.8) 134 (65.7) 

2 Canada 16 (3.3) 2.9) 

2 Japan : 18 (3.7) 7 (8.4) 

4 Federal Republic of Germany. 18 (3.7) 5 (2.5) 

5 italy 12 (2.5) 9 (4.4) 

§ USA + = 1 other country 14 (2.9) 4 (2.0) 

. 7? England ' 12 (2.5) 4 (2.0) 

8 Israel 9 (1.8) 6 (2.9) 

9 Netherlands 8 (1.6) 5 (2.5) 
10 = 2 countries excluding USA 4 (0.8) 0 

11 Australia 2 (0.4) 4 (2.0) 

11 France 4 (0.8) 2 (1.0) 
13 Belgium 5 (1.0) 0 

13 Spain 5 (1.0) 1 (0.5) 

13 Switzerland 3 (0.6) 3 (1.5) 

. 18 Republic of China 1 (0.2) 4 (2.0) 

17 Scotland 1 (0.2) 2 (1.0) 

18 Finland 2 (0.4) 1(0.5) 

19 Argentina 1 (0.2) 1 (0.5) 
19 New Zealand 1 (0.2) 0 

19 Norway 1 (0.2) 1 (0.5) 

19 South Africa 1 (0.2) 1 (0.5) 

19 Sweden 1 (0.2) 1 (0.5) 
24 Austria 1 (0.2) 0 

24 Brazil 0 1 (0.5) 
24 -Chile 1 (0.2) 0 
24 Denmark 1 (0.2) 0 
24 Greece 0 0 

24 0 1 (0.5) 
24 Mexico 0 0 

24 Northern Ireland 0 1 (0.5) 
_24 Singapore 0 0 
24 Venezuela 1 (0.2) 0 

Totals 489 (100) 204 (100) 





Wales) contributed 25 articles, a number placing it third 
behind Canada and Japan, which tied for flrst among 
non-USA contributors. No article was contributed by the 
3 most populous countries (People’s Republic of China, 
Union of Soviet Socialist Republics, or India). 

Excluding the 30 articles which originated from more 
than 1 country (the USA was 1 of the countries In 22), the 
continent of origin of the 796 single-country-of-origin ar- 
ticles or letters was: North America, 609 (76.5 % ); Europe, 
120 (15.1%); Asla, 51 (6.4%); Australia, 9 (1.1%); South 
America, 5 (0.6%); and Africa, 2 (0.3%). 


Willlam C. Roberts, MD 


Editor in Chief 
From AJC 

Editorials Letters the 25 Years Totals 

No. (96) No. (96) Editor Ago No. (96) 
25 (89.3) 52 (65.0) 15 10 582 (70.5) 

4 (5.0) 26 (3.1) 
1 (1.3) 26 (3.1) 
1(1.3) 24 (2.9) 
1(1.2) 22 (2.7) 
3 (10.7) 1 (1.3) 20 (2.7) 
4 (5.0) 20 (2.4) 
4 (5.0) 19 (2.3) 
0 13 (1.8) 
4 (5.0) 8 (1.0) 

1 (1.3) 7 (0.8) 
1 (1.2) 7 (0.8) 

1 (1.2) 6 (0.7) 
0 6 (0.7) 
0 6 (0.7) 
0 5 (0.8) 
1 (1.2) 4 (0.5) 
0 3 (0.4) 
0 2 (0.2) 
1 (1.3) 2 (0.2) 
0 2 (0.2) 
0 2 (0.2) 

0 2 (0.2) 
0 1 (0.1) 
0 1 (0.1) 
0 1 (0.1) 
0 1 (0.1) 
1 (1.3) 1 (0.1) 
1 (0.1) 
1 (1.2) 1 (0.1) 

1 (0.1 

1 (1.2) 1 (0.1 
1 (0.1) 
28 (100) 826 (100) 


80 (100) 15 10 


IT yOu like — 
_ what you're reading, 

" . . yovlllove - 
what you'll be watching | 


| The American Journal of Cardiology does more than just 
' print the best in authoritative articles on cardiovascular 
* treatment. Now it puts them on videotape. And the intro- 
| , Guctory videocassette is yours. Free. | 
| , Hosted by Editor-in-Chief William C. Roberts, MD, AJC 
! Video Report will feature lively, highly-visualized discus- ` 
| Sions with noted cardiovascular specialists and authors of 
the most important articles appearing each month in The 
American Journal of Cardiology. And it will extend the . 
| utility of the articles by exploring their application in clinical 
| : | practice. 





The introductory, 45-minute videocassette will feature 
| Special guest Donald C. Harrison, MD, and guest authors 
discussing three important topics: . 


: (J) Analysis of spontaneous variability of ventricular 
, arrhythmias: consecutive ambulatory ECG recordings 
| of 110 patients with ventricular tachycardia; ' 
| Tu Doppler diagnosis of valvular aortic stenosis in patients 
' Over 60 years of age; and 
| C Routine preoperative exercise testing in patients 
undergoing major non-cardiac surgery. 


| AJC Video Report is pano to be produced on a regular 
! basis starting this Fall. 





To order your free, introductory videocassette, just 





Video Report, The Yorke Medical Group, 875 Third Avenue, 
New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, S0 an now. |... C8A 


ame 
' l (Please print) 


ma specialty. 


| Format desired: VHS (Beta CIPAL CISECAM 03/4" 
| The American Journal of Cardiology - d i 
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complete this coupon and send it to: Joyce Sturges, AJC | 
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hypertensive patients - 


Minipress' for initial therapy 

(prazosin HC!) 

m [s effective when used alone 

B Does not cause a significant incidence of sexual 
impotence, although it has been reported! 

E Does not adversely affect blood lipids*? 

m Does not lower heart rate, cardiac output or work 
capacity" 

m Does not induce potassium wasting! 

= Most common side effects with Minipress, 
generally mild and transient, are dizziness, 
headache, drowsiness, palpitations, and nausea. 
Syncope (sudden loss of consciousness) has been 
reported in about 0.15% of patients at the 
recommended initial dose of 1 mg. 


*Minipress is not indicated for the treatment of hyperlipidemia. 


Minipress 


(DI (DraZOSIn HCI)” me 2mg 5 mg 


for Initial Therapy 
in Hypertension 


Please see Minipress brief summary on following page , © 1983, Pfizer Inc. 

















a rE a Tara 
E a 


Aa cup eem 


EENT: blurred vision, t 








Mini 
(prazosin HCI) 


MIMIPRESEY T rosin loride} Capsules For Oral Ure 
INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 
ment of hyperisasion. As an antihypertensive drug, it [s mid to moderate in acii- 
Hy it can be used as the initial agent of it may ba employed in a general treatment 
Hin Lipi in bel ce with a diuretic and/or other anGhypertenshe drugs a3 


WARNINGS: RB ml pae ai m cause s opa with suddes loss of consclons- 


S NE 


'— ws. In most cases this ka bel he dae to sa excessive postural ky- 


effect, although cetera the | episode has been 

racaded by a bowt of hy tachycardia with heart rates ef 120-160 
per al episodes have useslty occurred within 30 to 
peed scr initia! dese ef the dreg; slag ie a to 
1 


ia rci e Mais: creates € 
saother a drug Inio the regimen ei a M takiag 
dieses t MIN in "ihe incidence of canal aplesdes is 3 


* maty 1% Ip patients given sa [aitia] doze of 2 mg or r. Clinical 


trials condected during the Irrvest uoaa dest h Nan egent Suggest that 
snconal splaodes pen be miel mizad by | Js Eas dose of the 
drug to 1 mg, Mk eed ) to daraga a an y ire 
daziag any additions MINE regimes 
with caution. (See DOSAGE AND ADMINISTRATION. ) Hypetossion máy 
develop in patients given MINIPRESS who gre also receiving a beta- 
kjocker sach as propranolol. 

if wise occurs, the patient should be placed in the recumbent! position and 
tested supportrvely as karaat Aud adverse effact is sel!-Jimiling and in most 
et Goes nol recur after tha initial period of therapy of during subsequent dose 

on. 

Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are nod Indicated tor initial therapy. 

More common than loss of consciousness are the symploms often associated 
with lowering of the blood pressure, namely, dizziness and lightheadedness. The 
patient shouid be cautioned about these possible adverse effects and advised what 
measures to iaka should develop. The p should also be cautioned to 

avoid situations where injury could resull should syncope occur during the initi- 


ation of MINIPRESS aa 

Usage ia Pr MINE IUS ithe ugh no teratogenic effects were seen in animal 
testing, Ihe salety of INIPRE Rs In pregnancy has not been established. 

M ESS is nol recommended in pr women unless the potential benetit 

| risk to mother and fatus 

pi e in CIAren: No clinical experience [s avallable with the use of 
MINIPRESS In ch 
ADVERSE REACTIONS: The most common reactions associaled with 
MINIPRESS therapy are. dizziness 10.396, headache 78%, drowsiness 7.6%, lack 
of energy 6 9h, weakness 6.5%, palpi! talons 5.3%, and nausea 4.9% In most 
instances side effects have disappeared with continued therapy or have baen tol- 
erated with no decrease in dose of drug 

The following reactions have besn ascot with MINIPRESS some of them 
rarely. (In some instances exact causal relationships have not been established.) 

| ae vomiting, diarrhea, constipation, abdomina! discomfort and/ 
or pain 

IUSTUM edema, dyspaea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, DP paresihesia 

Nermatologic: rash, pruritus. alopecia, lichen planus 

Gendourinary: urinary frequency, Inconti aha impotence, priapism 

edüened sci sciet, epistaxis, banitus, n mouth, nasal 


dar. di diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and à EE 
„Of cataract development or disappearance have been reported In these instances 
the exact causal fatale d pay not been established because the baseline ob- 
sarvatlons were frequently inadequate 

fn more specific Yit Ms and lunduscopic studies, which included ae 
baseline examinations, no drug-related abnormal ophthalmological findings 


baen Fey 
DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 


"according to the pallent’s individual blood pressure response. The foflowing is a 


guide to its administration: 

mitia! Dese: 1 mg two o three times a day. (Ses WARNINGS.) 

Malsterance Dose: s rA may be s increased to a total dally dose of 
20 mg given In divided doses. The therapeutic dosages most commonly ployed 
have ranged from 6 mg to 15 mg daily Uer in divided nel Miam i 
20 mg usually do not increase elficacy; however a few mày benellt from 
further Increases up to a dally dose of 40 mg in vided ane Alter initial 
titration same patients can be maintained a tely on a twice dally dosage 


“Ute prs aM Are it s: When adding a diuretic or other antihypertensive 
ESS should be reduced io 1 mg or 2 mg three limes 8 
a ike edd than carried out. 

ERDOSAGE: Accidental ingesifon of al least 50 mg of MINIPRESS in a two 
year old child resulted In profound drowsiness and Si reflexes. No de- 
aie t pud ases bir noted. nery wes EU l ! 

ould overdosage on, support of tha cardiovascular system 
Is of first Importance Hal! Laslett pressure and normalization of heart 
tate may be accomplished by pns, the patient in the supina position. IE this 
measure is Inadequate, shock should first be treated with volume expanders. i 
necessary, vasopressors should then be used. Renal function should be monitored 
and ee E needed. aa a a data indicate MINIPRESS is nol disiysabis 


E TOXICOLDBY- resid C as, necrosis and alrophy have occurred at 25 mg 


kg/day (60 times the usual ma recommended dose of 20 mg per day in hu- 

mans) in long lerm (one year or more) studies in rats and dogs. No lesticular 
changes were seen in rats or at the 10 mg/kg/day leval (24 times the usual 
maximum recommended dose o etes In humans). In view of the testlc- 

ular changes observed In animals, 105 paftents on Ds Im MINIPRESS 
(prazosin hydrochloride) therapy were monitored for 17-ketosterold excretion and 
no changes indicating a drug effect were observed. In addition, 27 msies on 


^  MINIPRESS (prazosin hydro fe aione for up to 51 months did noi demon- 


Sine re ri in sperm tive of dru f 

HOW SUPPLIED: MINIPRE eee ein 1 mg (while #431), 2 mg (pink and 

white #437) capsules [n bottles of 250, 1000, and unit dose institutional 
ebd wal eee luc mag (blue and while #4 38) ils In bots of 
250, 500 and unll dose Institutional packages of 100 (10 x 

More detailed Information avaliable on on request. 


near Pitts NE: The clinical evaluation of prazosin, a new andityperten 
, in Prazosin Clinical um Proceedings, Published asa spacial 
s by Postgreduate Medicine, New York, McGraw-Hill Book and Education 
Services Group, 1975, pp 117-127. 2, Adapted from Kaplan NM: Summary. J Car- 
diovasc Pharmacol 4 (supp! 2): $265, 1982. 3. Lund-Johansen P: Hem ic 
changes al rest and during exercise tn DM E ed lor essential hy- 
pertension, In Prazosin Clinical vas ngs: Published as a special 


m» s A Tecra AT APE "S SIS sem Br 


ress is your drug ‘reference? 


If It’s not the new 16th edition of 
MODERN DRUG ENCYCLOPEDIA, 
you can't be sure. 

MODERN DRUG ENCYCLOPEDIA 
and Therapeutic Indox 16th Edition 


Arthur J. Lewls, MD, Editor 

Gertrude Dittus Gonzales, R.Ph., B.S., Pharm., 
Executive Editor 

Charles L. Winek, Ph.D., Contributing Editor s 
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The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 


. especially for the practitioner who needs complete, objective information 


on prescription drugs. 

An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that’s perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers’ package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here’s what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

e lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed with a "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufasturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 
the main section as follows: 

e GENERAL INDEX of all brand generic names in handy alphabetic 
sequence. 

e THEHAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patient's special needs. 

e MANUFACTURERS INDEX of names and áddresses and product 
names. Helps you identify the drug when you only know the 
manufacturer's name. 


i Yorke Medical Books MIS 
| Box C-757 
Brooklyn, NY 11205 

Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 

O Enclosed is my check for oo including $1.50 for handling. Yorke pays postage 
| (same return privilege). . 

O Please bill my O Visa O MasterCard O AMEX (same return privilege) 

Exp. date Card NO. 


MC Interbank no. 
(1 Please bill me plus postage and handling (U.S. and Canadian orders only). 


l Name 
I Address 
City/State/Zip 


l Customers in the foffowing states please include applicable sales tax: CA, CT, GA, IL, MA, Mi, NY, OH, PA, TX. AH 
I foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to d credit care. Please. 
i add $5.00 per book for af orders to be shipped outside the U.S. and Canada. 
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| WANT FASTER SERVICE? 
If you . . . Change your Address? 

p _, . Need Information? 


ATTACH YOUR PRESENT ADDRESS LABEL 
BELOW 


AFFIX LABEL 


You MUST include your ZIP code. Post Office rules 
will not permit us to send your magazine to you 
without it 





ADDRESS 


CITY/STATE/ZIP 
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Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
to... 


American Journal of Cardiology 
Yorke Medical Journals 
Circulation Department 

875 Third Ave., N.Y.. N.Y. 10022 
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Cardioscan’ image is the cost. 


$25,000 Cardioscan’s affordable image ` 
| 10045 like " | 


$90,000 At more than three times the cost 
of Cardioscan, their image looks | 
the same. 








Until now, -— high-resó- i 





lution echocardiography came. with- 


a high price tag. To get images lke © 
the one at the top you had to pay... - 


the cost at the bottom. Interspéc ` 


Cardioscan™—the easy-to-use. ` 
echocardiography system tbat © _ 
makes high-quality ultrasound 


~ imaging not only ee but: f f 
. affordable. 


‘has changed all that. We developed | 


Unlike other pud —À e 
Cardioscan doesn’t sacrifice per. « 


formance for price. You get all . 


the advantages of larger, hospital- | 


scale units—plus, some features. . 


often not available even on more 2 2 


expensive systems. 


And, Cardioscan has been desine A 
with. the future in mind. You do not 


have to be concerned about your. . 


system will be fully upgradeable ` 


to keep pace with. the demands of : i 


your practice. 
The best technology pd 


There is only one way to under-. ` 
stand the quality Cardioscan de- . 
livers. And that is to compare it 
with other units. Even when judged - 


- against systems costing three 


times as much, Cardioscan more . 
than measures up. 


More reasons.to decide on. E 
Cardioscan 2 


lution in both 2-D and M-mode. ’ 


= Logically grouped, easy-to-learn 
controls let you concentrate on 


_ system becoming obsolete as echo: . ; 
" eardiographie technology advances . : 
or your clinical needs ‘change. Your: ' 


 inalightweight, compact design: 


—- 


= Superior i image’ ‘quality ET reso 


the patient, not the instrument. 


'w On-line or off-line calculations ` 


capability means calculations 
and annotations can be per- 
formed during patient examina- 


tions, or later in video playback. * 


= Triple image-memory means you - - 
. ean store up to three images and. . 


. . Select the preferred one for ea : 


culations and/or hard ‘copy. . 


"X 


CU 4H MJMA YV AULA MAMUL LLIB CL CLOICH 
automatic viewing of end-sys- 
tolic and end-diastolic images 
from the same cardiac cycle. 

m Small, lightweight transducer 
available in a variety of fre- 
quencies and focal zones helps 
make Cardioscan adaptable to a 
wide range of applications. 


The Cardioscan Doppler 

In keeping with Interspec’s com- 
mitment to cardiology, Cardioscan 
has been designed to accept major 
upgrades. One of the first of these 
is the Cardioscan Doppler, which 
adds noninvasive hemodynamics to 
your diagnostic capabilities. With 
pulsed, high PRF, continuous wave 
and comprehensive calculations, 
this Doppler is truly state-of-the-art. 


Reliable service 

Because Cardioscan is made in the 
U.S., availability of parts is never 
a problem. À complete service policy 
ineludes rapid response to calls 
and a loaner program to assure 
maximum up-time. 
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Compare our image. Compare our price. 
Compare our features. 
Then contact Interspec today. 





1100 E. Hector Street 
Conshohocken, PA 19428 
(215) 834-1511 

(800) 332-3246 

TELEX 754990 


Supporting health care 
with affordable high technology 
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DELTA; ULTRA" ASTRA" 
Meet patient needs at Save time in Match pacemaker Pace and sense with 
implant and durin troubleshooting and function to patient needs confidence — 
follow-up — DELTAs* record-keeping — — ASTRA family of BIPOLAR POSITIVE J 
unique bipolar/unipolar ULTRA pacemakers pacemakers provides a FIXATION LEADS have i 
programmability and feature event counters, range of programmable time-proven silicone 
rate smoothing memory and EGM parameters plus insulation and porous 
capability let youadapt capability. telemetry and a universal electrode with 
DDD pacemaker programmer. electrically active 


operation as needed. helical coil. 


Solve life-threatening cardiac 
arrhythmias — the AICD*, a treatment 
breakthrough, dramatically reduces 
sudden cardiac death. Documented 
one year mortality is less than 2%, 
compared to 27-66% in historical 
comparative groups. 
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CME Test #26: Answer Sheet 


Value of Programmed Stimulation and Exercise Testing in Predicting 
One-Year Mortality After Acute Myocardial Infarction 


Instructions: Mark the appropriate box with an “X.” 
Test Questions appear on page 276. 








Name Degree 
_ (please print) Last First Initial 

Specialty Social Security # 

Address 

City State/Zip Code 

Signature Date 


ees E M — —————— 


Be sure you have checked the best answer for each question. To defray costs of processing, please enclose check for $10.00 payable 
to the Division of Continuing Medical Education, and mail with the completed answer sheet to: 


Division of Continuing Medical Education 
Room 127 CHSB 

University Station 

Birmingham, AL 35294 


Participants will receive certificates for their records. 
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For elder ly patients with angina, * the trans- Symptoms of hypotension may be due to overdosage. If hypotension l à 
dermal nitroglycerin patch in the upper left norint dde eei en alie | 
can be as difficult to open asa childproof Cap. *All transdermal nitroglycerin products are being marketed pending final 
Nitro-Dur is easier to open, easier to SYORIRIG Of SUREIVOR OES tay Uae FOA; A 
apply. It's been designed to fit more comfort- a 


ably into the lives of those who use it. Even 2 9 
elderly patients with arthritis or sight impair- 1 ro" ur 

ment can open Nitro-Dur easily. Its backing is 

easy to see and to peel off from any corner. 


E Its size is comfortable to handle. And its (nitroglycerin) 3 


application is simple—no continual pressure 


is needed. Transdermal Infusion System | 
No wonder it has won a place so close to : 


so many hearts. Practical not pretty. 


‘ 


See next page for brief summary of prescribing information. te 


nitroglycerin) 


‘Transdermal! Infusion System 


CLINICAL PHARMACOLOGY: When the Nitro-Dur system is 


applied to the skin, nitroglycerin is absorbed continuously 


.— through the skin into the systemic circulation. This results in 


active drug reaching the target organs (heart, extremities) 


before deactivation by the liver. Nitroglycerin is a smooth 
muscle relaxant with vascular effects manifested predominantly 
- by venous dilation and pooling. The major beneficial effect of 

— nitroglycerin in angina pectoris is a reduction in myocardial 


oxygen consumption secondary to vascular smooth muscle 


- relaxation with resultant reduction in cardiac preload and 


afterload. In recent years there has been an increasing recogni- 
tion of a direct vasodilator effect of nitroglycerin on the 
coronary vessels. 

In a bioavailability study using healthy volunteers! trans- 
dermal absorption of nitroglycerin from Nitro-Dur achieved 


_ steady state venous plasma levels and maintained these levels 


for 24 hours. Detectable plasma levels were attained within 
30 minutes after application of the system and were stili 
detectable 30 minutes after removal of the system. Precise 


- definition of "therapeutic plasma level" is not known at this 
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-  tData on file: Key Pharmaceuticals, Inc. 


time. The amount of nitroglycerin released (2.5 mg, 5 mg, 
7.5 mg, 10 mg or 15 mg per 24 hours) represents the mean 
release rate of nitroglycerin from the system as determined 
from healthy volunteers, and hence, the amount potentially 
available for absorption through the skin. Absorption will vary 
among individuals. 


INDICATIONS AND USAGE: This drug product has been 
conditionally approved by the FDA for the prevention and 
treatment of angina pectoris due to coronary artery 
disease. The conditional approval reflects a determination 


that the drug may be marketed while further investigation 
of its effectiveness is undertaken. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 





CONTRAINDICATIONS: Intolerance of organic nitrate drugs, 


marked anemia. 


WARNINGS: The Nitro-Dur system should be used under 


-. careful clinical and/or hemodynamic monitoring in patients 
- with acute myocardial infarction or congestive heart failure. 


In terminating treatment of anginal patients, both the dosage 
and frequency of application must be gradually reduced over a 
period of 4 to 6 weeks in order to prevent sudden withdrawal 
reactions, which are characteristic of all vasodilators in the 
nitroglycerin class. 


- PRECAUTIONS: Symptoms of hypotension, such as faintness, 


weakness or dizziness, particularly orthostatic hypotension, 


- may be due to overdosage. If during the course of treatment 


these symptoms occur, the dosage should be reduced or use of 


- the product discontinued. 


Nitro-Dur is not intended for use in treatment of acute 


` anginal attacks. For this purpose, occasional use of sublingual 
= nitroglycerin may be necessary. 


Pregnancy: Pregnancy Category C. Animal reproduction 
Studies have not been conducted with Nitro-Dur. It is also not 
known whether nitroglycerin can cause fetal harm when 


- administered to a pregnant woman or can affect reproduction 


capacity. Nitroglycerin should be given to a pregnant woman 
only if clearly needed. 

Nursing Mothers: It is not known whether nitroglycerin is 
excreted in human milk. Because many drugs are excreted in 


-— human milk, caution should be exercised when Nitro-Dur is 


administered to a nursing woman. 


ADVERSE REACTIONS: Transient headache is the most com- 
mon side effect, especially when higher doses of the drug are 
administered. Headaches should be treated with mild anal- 


- gesics while continuing Nitro-Dur therapy. If headache 


persists, the Nitro-Dur dosage should be reduced or use of the 


— product discontinued. Adverse reactions reported less fre- 


quently include hypotension, increased heart rate, faintness, 


- flushing, dizziness, nausea, vomiting, and dermatitis. Except 


for dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may be 
symptoms of overdosage. When they persist, the Nitro-Dur 
dosage should be reduced or use of the product discontinued. 


- STORAGE CONDITIONS: Store at controlled room temperature 


15-30*C (59-86*F). Do not refrigerate. 


HOW SUPPLIED: Nitro-Dur Transdermal Infusion System, 
2.5 mg/24 hrs (5bcm?), 5 mg/24 hrs (10cm?), 7.5 mg/24 hrs 
(15cm?), 10 mg/24 hrs (20cm?) and 15 mg/24 hrs (30cm*?), is 
available in unit dose packages of 28 and hospital unit dose 
packages of 100. 
CAUTION: Federal law prohibits dispensing without 
prescription. 

For complete prescribing information, please see package 
insert. 
Revised 11/84 


Ey KEY PHARMACEUTICALS, INC. 


| Miami, Florida 33269-0670 
World leader in 
drug delivery systems. 
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An important new book on 


today's most virulent epidemic 


From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis ° 


Acquire Immune 


Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 
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The first scientific presentation to review all the 
facts in full 


AIDS has become one of the most publicized diseases in modern times. It has produced fear and 
confusion in the general public and presented a formidable challenge to the medical community. 
Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
tinue to search for answers, and the federal government has declared AIDS the number one 
health priority of the nation. Understanding this disease demands cooperation between many dif- 
ferent medical specialties, and papers on this subject have been published in many diverse journals 
not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume 
the complete range of interdisciplinary approaches to this complex disease, with contributions by 
the most eminent researchers and physicians in disease contro! and hospital teaching centers 


throughout the country. Comprehensive coverage is given to the entire spectrum of sexually trans- 


mitted diseases, and an additional section on diagnostic perspectives offers never before published 
material on why this syndrome occurs primarily among homosexual men. For any physician or 
other health care professional interested in the prevention and cure of this modern epidemic, this 
book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
diseases. i 


Table of Contents 

e PART | SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL * PART 2 SEXUALLY 
TRANSMITTED DISEASES — DIARRHEAL * PART 3 OTHER SEXUALLY TRANSMITTED 
DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 
IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
PERSPECTIVE 


Order Form 


Send orders to: 


Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 


ALL BOOKS SENT ON 
30 DAY APPROVAL 


Please send me the following book: 

O Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Men $39.50 (00034) 

O Enclosed is my check for. . which includes $1.50 for handling. York pays postage. Same 
return privilege. New York residents add appropriate sales tax. Add $5.00 per book for orders outside 
the U.S. and Canada. 





C Please bill my C]VISA CJ MasterCard (same return privilege) 
Card No. Exp. Date 
Interbank No. (M/C only) Signature 


O Please bill me plus postage and handling. (U.S. and Canadian orders only.) 
Name 
Address 


City/State/Zip 
Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders must 
be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders to be 
shipped outside the U.S. and Canada 
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“COSMOS MAKES 
BIPOLAR SENSE. 





positive results. 
The debate between the advo- 


Adding advantage to 
advantage produced 





* 


cates of unipolar pacing and 


bipolar pacing is nearly as old as 
the field of cardiac pacing itself. 
While each side has its points, 
neither denies that bipolar sen- 
sing provides the best differen- 
tiation between the heart's 


that unipolar pacing makes inter- 


electrical signals and those pro- 
pretation of ECG traces easier 


duced by skeletal muscles. Or 
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due to the larger amplitude of 
the pacing spike. The obvious 
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unipolar pacing and bipolar sen- 
sing in a single cardiac pulse 
generator. But it was a solution 
that remained theoretical 


until now. 
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unique system. Because the area 
being sensed is fully contained 

from the electrical interference of 
the skeletal muscles, bipolar sen- 


within the heart, and far away 
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sing practically eliminates the 


possibility of the pacemaker's 


Le ¥" 


sensing voluntary muscle move- 
ment. And its programmable 
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ECG tracings from the same patient comparing 
unipolar pacing of the COSMOS 284-02 (lower strip) 








with bipolar pacing (upper strip). 


settings insure COSMOS senses 
only cardiac activity. 

On the pacing side, this new 
COSMOS sends the pacing 
impulse from the lead tip to the 
pacemaker can, giving you a 
strong, easily identified and inter- 
preted pacing spike on your DDD 
ECG tracing. Eliminating any need 


for special equipment for analysis. 


For you, the result is a relia- 
ble COSMOS with superior inter- 
ference signal rejection as well as 
far-field QRS rejection by the 
atrial channel. And a bipolar sen- 
sing DDD pacemaker that is much 
easier to follow-up on standard 
ECG equipment. 


Best of all, it's a COSMOS. 
Our new model 284-02 offers you 
pacing sophistication that is more 
clinically useful because its wide- 
range programmability is simple, 
fast, effective and safe to use. 
The Rx2000 programmer 
puts everything you need to 
know about your COSMOS 
patient's condition at your 
fingertips. Its built-in printer 
even makes copies for your files. 


Diagnostic capabilities in 
a class by themselves. 

A complete history of your 
patients COSMOSvcardiac activ- 
ity begins at the moment of 
implant. A simple press of the 


light pen displays 

it. Another 

press of the light 
pen and your 
patient's original 
pacing regime is dis- 
played. Press one 
key, and COSMOS 
telemetry measures 
exactly how the 
pacer is functioning 
at any given 
moment. So you 
have a complete 
picture of cause, 

and effect and result 
in your follow-up 
care program. 


Patient safety is 
a matter of 
superior design 
and painstaking 
quality control. 


In developing a pace- Bipolar sensing of the COSMOS 284-02 allows normal 
PEGAR patient activity virtually free from myopotentials and EMI. 


maker as advanced 
as the COSMOS 284-02, our first 
concern was producing a system 
with no unexpected clinical 
results. Which is why COSMOS 
was the first DDD to effectively 
deal with problems such as 


pacemaker mediated tachycardia. 


Why every COSMOS features 
multiple backup systems for crit- 
ical circuitry. And why our new 
COSMOS is the very first to com- 
bine the advantages of bipolar 





sensing with the ECG clarity of 
unipolar pacing. 


Getting to know 
COSMOS is very simple. 


of educational video tapes that 
cover everything from implant 
techniques to advanced DDD 
pacing concepts. Just ask your 
Intermedics Representative to 
show you COSMOS, the DDD 
pacing system that's as unique 
as the heart it serves. 

Intended Uses: Al! Intermedics implantable pulse 
generators are intended for use in long-term cardiac 


pacing therapy. The applications for long-term car- 
diac pacing are many and varied and are discussed 
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Intermedics has a complete range ^ 


as they apply to the particular pulse generator in the i 


Physician's Manual accompanying the device along 
with Contraindications, Possible Complications and 
Precautions 


The choice of pacing modes and/or programmable 
features that best meet the therapeutic requirements 
of the individual patient is at the discretion of the pre- - 

| 


scribing physician 

For further information, see the Physician's Manual 
packaged with the pulse generator, or contact your 
Intermedics Sales Representative or Intermedics 
directly. 


v- Intermedics lnc. 
Quality comes to life” 


PO. Box 617, Freeport, Texas 77541-0617 
Toll Free: 1-800-231-2330 In Texas: 1-800-392-3726 
Telex: 4620584 INTL UI 
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What you'll be watching 


ye 
? 


= print the best in authoritative articles on cardiovascular 
. treatment. Now it puts them on videotape. And the intro- 
-— ductory videocassette is yours. Free. 


EXERCISE 


erpi 


KARA A AMSTIMDASE MIT 
IAEA TL WIEMURE ht) 
ANTHONY S IMARA MIP 


This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 

The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 

Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 

physiological bases and clinical applications 

O Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 

population 

The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


If you 


like 
_ whatyou'rereading, | 








you'll love | 





The American Journal of Cardiology does more than just 


Hosted by Editor-in-Chief William C. Roberts, MD, AJC 
Video Report will feature lively, highly-visualized discus- 


. sions with noted cardiovascular specialists and authors of 


the most important articles appearing each month in 7he 
American Journal of Cardiology. And it will extend the 


practice. 
The introductory, 45-minute videocassette will feature 


m special guest Donald C. Harrison, MD, and guest authors 


; i basis starting this Fall. 


h utility of the articles by exploring their application in clinical | 


discussing three important topics: 


[C] Analysis of spontaneous variability of ventricular 
arrhythmias: consecutive ambulatory ECG recordings 
of 110 patients with ventricular tachycardia; 

C] Doppler diagnosis of valvular aortic stenosis in patients 
over 60 years of age; and 

C] Routine preoperative exercise testing in patients 
undergoing major non-cardiac surgery. 


AJC Video Report is planned to be produced on a regular 
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interest in Exercise and the Heart. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit, 
Univ. of Calif. School of Medicine e 
Jack H. Wilmore, PhD, Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD. Dir. Echocardiography Section 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 

a NOREDQUEE OR Ee 2st VENUS EL AN C Cd mo 
Yorke Medical Books AJCH5 
Box C-757. Brooklyn, New York 11205 
Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($42.50 rlus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 
O Full payment enclosed, publisher pays shipping. 
O Please bill me, plus cost of shipping. 
O Charge my credit card: (J) MasterCard [ Visa. 

Card No. Expire Date 


New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 


Name 


Addres 





City State Zip 








complete this coupon and send it to: Joyce Sturges, AJC 
Video Report, The Yorke Medical Group, 875 Third Avenue, 
New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, so act now. C2A 


Name 
(Please print) 


Address 
City 
State/Zip 

Medical specialty 

[]VHS [C] Beta 


Format desired: OPAL L[JSECAM [)3/4” 


To order your free, introductory videocassette, just 


hete American Journal of Cardiology 
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lransderm-Nitro 


nitroglycerin 


All transdermal nitroglycerin products are being marketed pending final evaluation of 
effectiveness by the FDA. (See Brief Summary of Prescribing Information on the following page.) 


On the job round the clock 


© 1985, CIBA. C I B A Printed in U.S.A. — 629-2355-A 
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k _ Transdermal Therapeutic System 

L—— BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION. 


- SEE PACKAGE INSERT) 
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| INDICATIONS AND USAGE 
| This drug product has been conditionally approved by the 
FDA for the prevention and treatment of angina pectoris due 


M 
NA: 
yes 


gm 


k 


FE 


to coronary Stery disease. The conditional approval reflects 
-a determination that the drug may be marketed while further 
investigation of its effectiveness is undertaken. A final evalu- 
l ail EL effectiveness of the product will be announced by 
e FDA. 


= 


ras » d “ 


__ CONTRAINDICATIONS 
-Intolerance of organic nitrate drugs, marked anemia, increased 
-intraocular pressure or increased intracranial pressure. 
... WARNINGS | 
ER In patients with acute myocardial infarction or congestive heart 
~~ failure, Transderm-Nitro system should be used under careful 
E clinical and/or hemodynamic monitoring. 
____In terminating treatment of ea patients, both the dosage and 
n d over of application must be gradually reduced over a period 
ni . 0f 4 to 6 weeks to preset sudden withdrawal reactions, which are 
2 characteristic of all vasodilators in the nitroglycerin class. 
3 Transdermal eo systems should be removed before © 

. attempting defibrillation or cardioversion because of the potential 
-— for altered electrical conductivity which may enhance the possi- 
BI i of arcing, a phenomenon associated with the use of 
E . defibrillators. 

M 


PRECAUTIONS 


— Symptoms of hypotension, such as faintness, weakness or dizzi- 
~ ness, particularly orthostatic hypotension may be due to overdos- 
|. age. When these symptoms occur, the dosage should be reduced 
|. OF use of the product discontinued. 


E. 







— — fransderm-Nitro system is not intended for immediate relief of 


anginal attacks. For this purpose occasional use of the sublingual 
E preparations may be necessary. 


- ADVERSE REACTIONS 
. Transient headaches are the most common side effect, Wd 
| when higher doses of the drug are used. These headaches should 
ps bẹ treated with mild analgesics while Transderm-Nitro therapy is 
= continued. When such headaches are unresponsive to treatment, 


A the nitroglycerin dosage should be reduced or use of the product 


discontinued. | 
— . Adverse reactions reported less frequently include hypotension, 
< increased heart rate, faintness, flushing, dizziness, nausea, 
. . vomiting, and dermatitis. These symptoms are attributable to the 
-known pharmacologic effects of nitroglycerin, but may be symp- 
- . toms of overdosage. When they persist the dose should be 
_ reduced or use of the product discontinued. 


2 
_ DOSAGE AND ADMINISTRATION 
d A MEN Should be initiated with application of one Transderm- 
-Nitro 5 system to the desired area of skin. Many patients prefer 
— the chest; if hair is likely to interfere with system adhesion or 
.. removal, it can be clipped prior to placement of the system. Each 
. System is designed to remain in place for 24 hours, and each suc- 
— . cessive application should be to a different skin area. Transderm- 
_ Nitro system should not be applied to the distal parts of the 
. extremities. 
-.. The usual dosage is one Transderm-Nitro 5 system every 24 
S hours. Some patients, however, may require the Transderm-Nitro 
— 10 system. If a single Transderm-Nitro 5 system fails to provide 
« adequate clinical response, the patient should be instructed to 
remove it and appy either two Transderm-Nitro 5 systems or one 
Transderm-Nitro 10 system. More systems may be added as indi- 
_ Cated by continued careful monitoring of clinical response. The 
—. Transderm-Nitro 2.5 system is useful principally for Sepma 
-. the dosage gradually, though it may provide adequate therapy for 
- . some patients when used alone. 
- . The optimal dosage should be selected based upon the clinical 
— response, side effects, and the effects of therapy upon blood 
t pressure. The greatest attainable decrease in resting blood pres- 
... Sure that is not associated with clinical symptoms of hypotension 
- — especially during orthostasis indicates the optimal dosage. To 
ET. decrease adverse reactions, the size and/or number of systems 
- Should be tailored to the individual patient's needs. 
~ Do not store above 86°F (30°C). 
— PATIENT INSTRUCTIONS FOR APPLICATIONS 
E A patient leaflet is supplied with the systems. 
.. HOW SUPPLIED 
5 senem ty r Nin | lycerin System Carton 
- . Releaseinvivo in System Sie Size 


- 


bs 


^ ————————————————————————— 
a 295mg?4hr 12.5mg 5cm? 30 Systems (NDC 0083-2025-26) 
ak *100 Systems (NDC 0083-2025-30 
— § mg/24 hr 25 mg 10cm2 30 Systems (NDC 0083-2105-26 
; *100 Systems (NDC 0083-2105-30 
.. 10 mg/24 hr 50 mg 20cm?  30Systems (NDC 0083-2110-26 
A *100 Systems (NDC 0083-2110-30 
($5 mg/24 hr 75 mg 30cm? 30 Systems (NDC 0083-2115-26 
Br m." *100 Systems (NOC 0083-2115-30 
"ad "Hospital Pack 100's 
i Y E í 
- . Printed in U.S.A. 629-2355-A C85-24 (Rev. 4/85) 
kę 
. Dist. by: 


-CIBA Pharmaceutical Company 

. Division of CIBA-GEIGY Corporation 
_ Summit, New Jersey 07901 
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A SYNDROME: FACTS 
AND THEORIES 










Libi Sherf, MD, FACC 
Henry N. Neufeld, MD, FACC 
1978, 288 PAGES, 110 ILLUS., 1,000 REF. 





Every Cardiologist, Internist, Pediatri- references alone would make the book 
cian, Surgeon — Indeed, Every Physi- invaluable to anyone seriously in- 
cian — Should Have a Good Basic terested in the Wolff-Parkinson- White 
Knowledge of The Pre-excitation Syn- syndrome. But when knowledgeable 
drome. Here Are Just a Few Reasons discussion and personal observations 
Why This is so Essential: are added, it is genuinely a monumental 
e '/ of all pre-excitation cases are contribution to clinical cardiology and 
misdiagnosed. cardiac electrophysiology.’’ 
* 5% to 10% of all tachycardias in Thomas N. James, MD 
adults are produced by pre-excitation. The Mary Gertrude Waters Professor y 
* In % of all infants under 10 months of Cardiology and Chairman of the 
. . . Department of Medicine, The Uni- 
of age with life-threatening tachycar- veritat Afshag in bitutoslisi: 
dias, the tachycardias are actually and Physician-in-Chief, University of 
secondary to pre-excitation. Alabama Hospitals 


* 4 to % of all children with pre- 
excitation have an additional heart 
disease. 


Starting with Wolff, Parkinson and 

White's classic paper, this book gives a 

comprehensive summary of all impor- 

tant facts of pre-excitation, plus the 3 

authors' personal experiences of follow- 

up studies on patients through many 

decades. It also brings a broad view of 4 

the literature and discusses the different 5 

structural and physiological aspects 

which form the pathomechanism of 6 

pre-excitation. 7 
8 
9 


The 13 Chapters Are a 

Comprehensive Summary 
1. General Considerations 
2. The Electrocardiogram in the Pre- 
excitation Syndrome: Complexes 
and Configurations 

. The Electrocardiogram in the Pre- 
excitation Syndrome: Disturbances 
of Rate and Rhythm 

. Pathology 

. Noninvasive Methods of Investi- 
gation 

. Invasive Methods of Investigation 

. Prognosis ow 

. Treatment 

. Problems of Diagnosis — Some 


“What is offered richly in this book is 
a methodical and comprehensive 


analysis of virtually all currently Illustrative Cases 

available knowledge on the subject. 10. Summary of Findings and Theories 
This is done with an admirable even- of Pre-excitation Syndrome 
handedness, dealing objectively with all — 11. Concept of Interacting Structural 
viewpoints but at the same time and Functional Factors 

evaluating relative strengths and 12. Explanation of Some Phenomena 
weaknesses of each observation and of the Pre-excitation Syndrome by 
hypothesis. There is brought a wisdom the Proposed Concept 

here which only time and experience 13. Various QRS Patterns in the 

can provide. The encyclopedic Different Forms of Pre-excitation 
r Yorke Medical Books AJCH5 


Box C-757, Brooklyn, New York 11205 


Please send me a copy of THE PRE-EXCITATION SYNDROME at $38.00. I may use the book for 
l 30 days and if not completely satisfied, return it for full credit or refund. 
1 C Bill me plus cost of shipping (U.S. & Canada only) 
i C Payment enclosed, publisher pays for shipping 
C Charge my credit card 
Q MasterCard O Visa Card No. 


Expire date Signature 
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Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All 
foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please 
add $5.00 per book for all orders to be shipped outside the U.S. and Canada. i SAE. 
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MYOCARDIAL 
REVASCULARIZATION 


MEDICAL AND SURGICAL ADVANCES IN 
CORONARY DISEASE A 


The most up-to-date reference on the 


state of the art of medical and surgical 
myocardial revascularization in clinical 
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Written by 130 selected authorities, MYOCARDIAL 
REVASCULARIZATION represents the first comprehensive 
coverage of the subject, presenting many new therapeutic 
modalities not previously published anywhere. This volume is an 
outgrowth of the recent International Symposium on Myocardial 
Revascularization held in Nassau, The Bahamas. It is edited by 
two internationally renowned specialists, Dean T. Mason, MD, 
and John J. Collins, Jr., MD. 


Myocardial Revascularization 
features the latest on: 


E Streptokinase - Thrombolysis in AMI 
(Percutaneous Transluminal Coronary 
Recanalization (PTCR) 


li Percutaneous Transluminal Coronary 
Angioplasty (PTCA) 

ll New Calcium Blocking Drugs 

liM Cardiac Benefits of Coronary 
Rehabilitation Programs 


ll Coronary Bypass Surgery for Angina, 
Unstable Angina, AMI 


Yorke Medical Books 

Box C-757, Brooklyn, NY 11205 

Please send me: 

copies MYOCARDIAL REVASCULARIZATION @ $60.06 

C Enclosed is my check for . Yorke pays postage and handling 


(same return privilege). New York residents add appropriate sales tax. Add 
$5.00 per book for orders outside the U.S. and Canada 


C] Please bill my C) VISA 


AJCH5 





O MasterCard (same return privilege) 
Expiration date 


meres soot umor UIC IMnMemank * 
|) Please bill me plus postage and handling (U.S. and Canadian orders only). 


ACRE SE a es Se REN 
ADDRESS 
CITY/STATE/ZIP 


EDIT ED BY 


| DEAN T. MASON, M.D. 


Professor of Medicine and Physiology 
Chief, Cardiovascular Medicine — 


"ME uo Editor-in-Chief AMERICAN HEART JOURNAL br | 
JOHN IN J. COLLINS, JR., M. 5 | 


mu ace of Proleg and Cardiac Surgery 
Harvard Medical School - | de Go l 

-Brigham and Women's Hospital a SERE j 
Boston, Massachusetts 





Sample Table of Contents: 


Section 1 - Stable Angina Pectoris and 
Asymptomatic Coronary Disease 





Section 2 - Variant Angina Pectoris 
Section 3 - Unstable Angina Pectoris 


Section 4 - Acute Myocardial Infarction 


Section 5 - Myocardial Preservation 


Section 6 - Pharmacologic and Related 
Approaches to Coronary Dilatation 


Section 7 - Percutaneous Transluminal 
Coronary Angioplasty 


Section 8 - Intracoronary Thrombolysis in 
Evolving Myocardial Infarction 
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Section 9 - Long-Term Achievements of 
Myocardial Revascularization by Medical 
and Surgical Therapy 
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Some generic 
methyldopa 
tablets contain == 
sulfites.‘ Some do not. 
Howcanyou be 
sure what your 
hypertensive 
patients will get 












Artist’s interpretation of 
generic methyldopa tablet 


*Sulfites have been reported to cause severe allergic reactions in certain susceptible 
patients, particularly asthmatics. While the presence of a sulfite is probably 
important in a limited number of patients, it could be a factor in deciding whether 


to allow substitution for a prescription of ALDOMET® (Methyldopa, MSD). 


Copyright © 1985 by Merck & Co., INC. 
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One way is to specify 


TABLETS: 500 mg, 250 mg, and 125 mg 


ALDOMEI 


(METHYLDOPA|MSD) 


tablets. 
Theycontain no sulfites. 


A à MER 





Although Tablets ALDOMETS do not contain any sulfite preservatives, Oral 
Suspension ALDOMET® (Methyldopa, MSD) and Injection ALDOMET® Ester 
HCI (Methyldopate HCl, MSD) do contain sodium bisulfite as a preservative. 

The use of any of these products is contraindicated in hypersensitivity to any 
component of the drug, in active hepatic disease, or if previous methyldopa therapy 
has been associated with liver disorders. MSD 


For a Brief Summary of Prescribing Information, please see following page. MERCK 
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"methyldopa per 5 mL and alcohol 1%, with benzoic acid 0.1% and sodium bisulfite 0.2% added as 
_ preservatives. Injection for intravenous use, containing per 5 mL: methyldopate hydrochloride 
2800 mo. inactive ingredients—citric acid anhydrous 25.0 mg, disodium edetate 2.5 mg, 
- monothioglycero! 10.0 mg, sodium hydroxide to adjust pH, and methylparaben 7.5 mg, 
- "propylparaben 1.0 mg, and sodium bisulfite 16.0 mg added as preservatives. 


- Contraindications: Active hepatic disease, such as acute hepatitis and active cirrhosis, if 
EA evious methyldopa therapy has been associated with liver disorders (see Warnings); hypersensi- 
tivity to any component, including sulfites (see Precautions). 
Warnings: It is important to recognize that a positive Coombs test, hemolytic anemia, 
and liver disorders may occur with methyldopa therapy. The rare occurrences of 
hemolytic anemia or liver disorders could lead to potentially fatal complications 
$ nless properly recognized and managed. Read this section carefully to understand 
i these reactions. With prolonged methyldopa therapy, 10% to 20% of patients develop a positive 
$ irect Coombs test, usually between 6 and 12 months of therapy. Lowest incidence is at daily dosage 
im of 1 gor less. This on rare occasions may be associated with hemolytic anemia, which could lead to 
-potentially fatal complications. One cannot predict which patients with a positive direct Coombs test 
-may develop hemolytic anemia, Prior existence or development ofa eod direct Coombs test is 
nol in itself a contraindication to use of methyldopa. If a positive Coombs test develops during 
+ methyldopa therapy, determine whether hemolytic anemia exists and whether the positive Coombs 
* fest may be a problem. For example, in addition to a positive direct Coombs test there is less often a 
positive indirect Coombs test which may interfere with cross matching of blood. At the start of 
- me no therapy, it is desirable to do a blood count (hematocril, hemoglobin, or red cell count) 
"fora baseline or to establish whether there is anemia. Periodic blood counts should be done during 
“therapy to detect hemolytic anemia. It may be useful to do a direct Coombs test before therapy and al 
76 and 12 months after the start of therapy. If Coombs-positive hemolytic anemia occurs, the cause 
may be methyldopa and the drug should be discontinued. Usually the anemia remits promptly. If nol, 
1 Corticosteroids may be given and other causes of anemia should be considered. If the hemolytic 
jä hemia is related to methyldopa, the drug should not be reinstituted. When methyldopa causes 
Wir ;00mbs positivity alone or with hemolytic anemia, the red cell is usually coated with gamma 
L globulin of the IgG (gamma G) class only. The positive Coombs test may not revert to normal until 
í weeks to months after methyldopa is stopped. 


E Should the need for transfusion arise in a patient receiving methyldopa, both a direct and an indirecl 


~ Coombs test should be performed on his blood. In the absence of hemolytic anemia, usually only the 
“direct Coombs test will be positive. A positive direct Coombs test alone will not interfere with typing 
OF Cross matching. If the indirect Coombs test is also positive, problems may arise in the major cross 
_ match and the assistance of a hematologist or transfusion expert will be needed. 
- Fever has occurred within first 3 weeks of therapy, occasionally with eosinophilia or abnormalities in 
- liver function tests, such as serum alkaline phosphatase, serum transaminases (SGOT, SGPT), 
bilirubin, cephalin cholesterol flocculation, prothrombin time, and bromsulphalein retention. 
Jaundice, with or without fever, may occur, with onset usually in the first 2 to 3 months of therapy. In 
~ some patients the findings are consistent with those of cholestasis. Rarely fatal hepatic necrosis has 
» been reported. These hepatic changes may represent hypersensitivity reactions; periodic 
| determination of hepatic function should be done particularly during the first 6 to 12 weeks of 
» therapy or whenever an unexplained fever occurs. If fever, abnormalities in liver function tests or 
~ jaundice appear, stop therapy with methyldopa. If caused by methyldopa, the temperature and 
«abnormalities in liver function characteristically have reverted to normal when the drug was 
- discontinued. Methyldopa should not be reinstituted in such patients, Rarely, a reversible reduction 
ee the white blood cell count with primary effect on granulocytes has been seen. Reversible 
_ thrombocytopenia has occurred rarely. When used with other antihypertensive drugs, potentiation of 
~ antihypertensive effect may occur. Patients should be followed carefully to detect side reactions or 
unusual manifestations of drug idiosyncrasy. 
t Pregnancy and Nursing: Use ot any drug in women who are or may become pregnant or intend to 
t? nurse requires that anticipated benefits be weighed against possible risks; possibility of fetal injury 


"> orinjury toa nursing infant cannot be excluded. Methyldopa crosses the placental barrier, appears in 
L cord blood, and appears in breast milk 

i Precautions: Should be used with caution in patients with history of previous liver disease or 
~ dysfunction (see Warnings). Sulfites have been reported to cause severe allergic reactions in certain 
~ susceptible individuals, particularly patients with asthma. Oral Suspension ALDOMET and Injection 
~ ALDOMET Ester HC! contain sodium bisulfite; Tablets AL contain no sulfites. Methyldopa 
© may interfere with measurement of: urinary uric acid by the phosphotungstate method, serum creat- 
nine by the alkaline picrate method, and SGOT by colorimetric methods. A paradoxical pressor re- 
» sponse has been reported with intravenous use. Since methyldopa causes fluorescence in urine 
~ “samples at the same wavelengths as catecholamines, falsely high levels of urinary catecholamines 
~ may be reported. This will interfere with the diagnosis of pheochromocytoma. It is important to rec- 
Ns S phenomenon before a patient with a possible pheochromocytoma is subjected to surgery. 
Methyldopa is not recommended for patients with pheochromocytoma. Urine exposed to air after 
T voiding may darken because of breakdown of methyldopa or its metabolites. 

© Stop drug if involuntary choreoathetotic movements occur in patients with severe bilateral 
Bene disease. Patients may require reduced doses of anesthetics; hypotension occurring 
a uring anesthesia usually can be controlled with vasopressors. Hypertension has recurred after 
> dialysis in patients on methyldopa because the drug is removed by this procedure. 

V. Adverse eactions: Nervous System/Psychiatric: Sedation, headache, asthenia or weakness, 
‘Ts fueli early and transient: dizziness, lightheadedness, symptoms of cerebrovascular insufficiency, 
L paresi esias, parkinsonism, Bell's palsy, decreased mental acuity, involuntary choreoathetotic 
pag ovemenis: psychic disturbances, including nightmares and reversible mild psychoses or 
depression. Cardiovascular: Bradycardia, prolonged carotid sinus hypersensitivity, aggravation of 
- angina pectoris. Paradoxical pressor response with intravenous use. Orthostatic hypotension (de- 
» crease daily dosage). Edema (and weight gain) usually relieved by use of a diuretic. (Discontinue 
pewenyidopa if edema progresses or signs of heart failure appear.) Digestive: Nausea, vomiting, 
Yr 
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7-— distention, constipation, flatus, diarrhea, colitis, mild dryness of mouth, sore or "black" tongue, 
-'pancrealitis, sialadenitis. Hepatic: Abnormal liver function tests, jaundice, liver disorders. 
- Hematologic: Positive Coombs test, hemolytic anemia. Bone marrow depression, leukopenia, 
- granulocytopenia, thrombocytopenia. Positive tests for antinuclear antibody, LE cells, and 
~ theumatoid factor. Allergic: Drug-related fever, lupus-like syndrome, myocarditis, pericarditis. 
~ Skin: Rash as in eczema or lichenoid eruption; toxic epidermal necrolysis. Respiratory: Nasal 
—-"stuffiness. Metabolic: Rise in BUN. Urogenital: Breast enlargement, gynecomastia, lactation, 
amenorrhea, impotence, decreased libido. Endocrine: Hyperprolactinemia. Musculoskeletal: Mild 
~ arthralgia, with or without joint swelling; myalgia. 
— Note: Initial adult oral dosage should be limited to 500 mg daily in divided doses when given with 
- antihypertensives other than thiazides. Tolerance may occur, usually between second and third 
months of therapy; increased dosage or adding a diuretic frequently restores effective control. 
Palients with impaired renal function may respond to smaller doses. Syncope in 
- older patients may be related to increased sensitivity and advanced arteriosclerotic M S D 
_ vascular disease; this may be avoided by lower doses. ———— 
* For more detailed information, consult your MSD Representative or see Prescrib- MERCK 
Aya Merck Sharp & Dohme, Division of Merck & Co., INC., West Point, BHA P 
PA 19486 J5AM49(718:027) 
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“Tablets, containing 125, 250, or 500 mg methyldopa. Oral Suspension, containing 250 mg - 
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2-D Echocardiogra 
Ever Published 


Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 


ISBN 0-914316-35-4, 198 pp, illus., large format 8% x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 

usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 


m m m m m um Order Form m- m mum mem M ee y 


C Please send me Atlas of 2-Dimensional Echocardiography 


(0031) $69.00 
which includes $1.50 for handling. 
Yorke pays postage. (same return privilege) 


CI] Please bill my C] VISA O MasterCard (same return privilege) 
Card Number 


Signature... Exp. Date Interbank No. (M/C) 
C Please bill me plus postage and handling. (U.S. and Canadian orders only) 


Name 


Address 


City/State/Zip 
Send orders to: 


Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 AJCHS 
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You've titrated to a precise therapeutic response. 
Now, unless your patient's condition changes, the 
regimen shouldn't. Because if it does, the sensi- 
tive diuretic/digitalis/electrolyte balance could 
be upset. And the consequences could be serious. 
So, once a patient has been stabilized on 
Lasix” tablets, it's only logical to specify Lasix” by 
brand name and prevent generic substitution. 
That's the only way you can be sure 
your patient will always receive the 
same brand of furosemide tablets... 
exactly the same formula- 
tion and manufacturing 
process, with the same 
excipients and binders... 
with every single refill. In 
fact, 9 out of 10 cardiolo- 
gists do specify Lasix” by 
brand name, and 2 out 


©1985 by Hoechst-Roussel Pharmaceuticals Incorporated 















of 3 take the extra step to prevent substitution! 

Lasix” is the most thoroughly documented 
drug in its class, with quality so consistent that 
almost 8 billion tablets have been manufactured 
without a single product recall. 


Reference: 1. National survey of 2960 physicians, including 1502 
cardiologists and other physicians subspecializing in cardiology, 
conducted by Hoechst-Roussel Pharmaceuticals Incorporated, 
Somerville, New Jersey. August 1982. 

Please see following page for brief summary of 

full prescribing information. 


Specify: 


20 mg, 40 mg, 
80 mg Tablets 


Because there's 
no substitute for quality 


"A SE ATE) Tablets 20, 40 and 80 mg. — — — duet 
EO NG: Lasix (furosemide) is a polen d diui eti hh it 
Bon Oren en in excessive amounts, can lead 
. . with water and electrolyte depletion. Therefore, rent pel 
cu -cal supervision is required, and dose and dose schedule have 
- t0 be adjusted to the individual patient's needs. — — 
‘INDICATIONS: Edema associated with congestive heart failure, 
+ ey -cirrhosis of the liver, and renal disease, including the nephrotic 
EM . Syndrome. i old when used alone or in combination 
'— . with other antihypertensive drugs; patients not adequately con- 
E- Irolled with thiazides also probably will not be adequately con- 
E. trolled with furosemide alone 
— — J CONTRAINDICATIONS: Anuria. History of hypersensitivity to 
E the compound. 
—. WARNINGS: Excessive diuresis may result in dehydration and 
5 reduction in blood volume, with circulatory collapse and with the 
possibility of vascular thrombosis and embolism, particularly in 
k n. . elderly patients, Excessive loss of potassium in patients receiv- 
» ing digitalis glycosides may precipitate digitalis toxicity. Exercise 
PES care in patients receiving potassium-depleting steroids. Perform 
‘a frequent serum electrolyte, CO., and BUN determinations during 
_ first few months of therapy n periodically thereafter, and cor- 
rect abnormalities or temporarily withdraw the drug. Initial ther- 
oW of gerpes with hepatic cirrhosis and ascites is best carried 
in the hospital. Closely observe cirrhotic patients for sudden 
fluid and electrolyte imbalances that may precipitate hepatic 
coma. Supplemental potassium chloride and, if required, an 
- aldosterone antagonist are helpful in preventing hypokalemia 
z b + and metabolic alkalosis. Discontinue furosemide if increasing 
is azotemio and oliguria occur during treatment of severe, progres- 
- — sive renal disease. Observe patients regularly for possible blood 
- dyscrasias, liver damage, or other idiosyncratic reactions. Patients 
af ‘with known sulfonamide sensitivity may show allergic reactions 
_ Furosemide may potentiate the therapeutic effect of other antihy- 
^ - pertensive agents. Potentiation occurs with ganglionic or periph- 
-~ eral adrenergic blocking drugs. Exacerbation or activation of 
Systemic lupus erythematosus may occur Furosemide appears 
in breast milk. If use of the drug is essential, the patient should 
stop nursing. Cases of tinnitus and reversible hearing impairment 
have been reported. 
. There have also been some reports of cases in which irreversible 
uf . „hearing impairment occurred. Usually ototoxicity has been 
yi 








reported when furosemide was injected rapidly in patients with 
—-. severe impairment of renal function at doses exceeding several 
__ times the usual recommended dose and in whom other drugs 
E known fo be ototoxic were given. If the physician elects to use 
"high-dose parenteral therapy in patients with severely impaired 
renal function, controlled intravenous infusion is advisable. (For 
adults, an infusion rate not exceeding 4 mg furosemide per min- 
. ute has been used.) 
___ PRECAUTIONS: As with any effective diuretic, electrolyte deple- 
-tion may occur, especially in patients receiving higher doses and 
- O restricted salt intake. Patients receiving furosemide should be 
as -. Observed for clinical signs of fluid or electrolyte imbalance, 
PM. namely, hyponatremia, hypochloremic alkalosis, and hypokale- 
mia. Serum and urine electrolyte determinations are particularly 
^ ‘important when the patient is vomiting excessively or receiving 
ie parenteral fluids. Medication such as digitalis may also influ- 
- — ence serum electrolytes. Hypokalemia may develop with furo- 
U - semide as with any other potent diuretic, especially with brisk 
- diuresis, when cirrhosis is present, or during concomitant use of 
^" corticosteroids or ACTH. Interference with adequate oral electro- 
SA . . Mte intake will also contribute to hypokalemia. Digitalis may 
E exaggerate metabolic effects of hypokalemia, especially with ref- 
= erence to myocardial activity Asymptomatic hyperuricemia can 
T - occur and gout moy rarely be precipitated. Increases in blood 
de "glucose and alterations in glucose tolerance tests with abnor- 
3 malities of the fasting and two-hour postprandial sugar have 
.. .been observed, and rare coses of precipitation of diabetes melli- 
£u » tus have been reported. Furosemide may lower serum calcium 
—' . levels, and rare cases of tetany have been reported. Periodic 
=- serum calcium levels should be obtained Reversible elevations 
—— — of BUN may be seen. These have been observed in association 
Mi with dehydration, which should be avoided, particularly in 
ary patients with renal insufficiency Patients receiving high doses of 
i salicylates in conjunction with furosemide may experience salic- 
NL roe toxicity at lower doses because of competitive renal excre- 
~ tory sites. Furosemide has a tendency to antagonize the effects 
< Of fubocurarine and may potentiate the action of succinylcholine 
~ . Lithium generally should not be given with diuretics because 
they reduce its renal clearance and add a high risk of lithium 
- — toxicity. Diuretics such as furosemide may enhance the n es 
-... toxicity of cephaloridine. Therefore, furosemide and cephalori- 
dine should not be administered simultaneously Furosemide 
~ may decrease arterial responsiveness to norepinephrine. This 
B. diminution is not sufficient to preclude effectiveness of the 
ry. eae agent for therapeutic use. It has been reported in the 
- . - literature that coadministration of indomethacin may reduce the 
—-- natriuretic and antihypertensive effects of Lasix (furosemide) in 
tw some patients. This effect has been attributed to inhibition of 
-.. prostaglandin synthesis by indomethacin. Indomethacin may 
also affect plasma renin levels and aldosterone excretion: this 


- should be borne in mind when o renin profile is evaluated in 
f. hypertensive patients. Patients receiving both indomethacin and 
ar Lasix (furosemide) should be observed closely to determine if 


- the desired diuretic and/or antihypertensive effect of Lasix (furo- 
. semide) is achieved. 
PREGNANCY: Pregnancy. Category C. Furosemide has been 
shown fo cause unexplained maternal deaths and abortions in 
rabbits at 2, 4 and 8 times the human dose. There are no 
. . adequate and well-controlled studies in pregnant women. Furo- 
— . semide should be used during pregnancy only if the potential 
" LA c ed the potential risk to the fetus. 
f — ADVERSE REACTIONS: Anorexia, oral and gastric irritation, 
Nausea, vomiting, cramping, diarrhea, constipation, jaundice 
Er (intrahepatic jaundice), pancreatitis, dizziness, vertigo, pares- 
"s thesias, headache, xanthopsia, blurred vision, tinnitus and 
ber ` hearing loss, anemia, leukopenia, agranulocytosis (rare), throm- 
bocytopenia, aplastic anemia (rare), purpura, photosensitivity, 
se rash, urticaria, necrotizing angiitis (vasculitis, cutaneous vas- 
^ . .ulitis), exfoliative dermatitis, erythema multiforme, pruritus. 
Fe - Orthostatic hypotension may occur and may be exaggerated 
~ by alcohol, barbiturates, or narcotics. Other adverse reactions 
y include hyperglycemia, glycosuria, hyperuricemia, muscle 
spasm, weakness, restlessness, urinary bladder spasm, 


| , thrombophlebitis. Q-66388-185 
| Hoechst-Roussel Pharmaceuticals inc. Hoechst i 
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From the publishers of the 
American Journal of Medicine 


Jay S. Skyler, M.D., : 
University of Miami School of Medicine 


George F. Cahill, Jr., M.D., 


j Harvard Medical School and 
Howard Hughes Medical Institute 





60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


The causes of diabetic inheritance 

Immune factors of diabetes 

Mechanisms of diabetes (The culmination of 50 years of research) 
Autoimmunity | 

New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

New developments in the treatment of diabetes 

Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

Pharmacology of oral hypoglycemics 

Use of insulin infusion devices 

Human insulin produced by recombinant DNA technology 


If it is important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 
Please rush me: 
O .— — cop y(s) of Diabetes Mellitus $35.00 (00023). 
O Enclosed is my check for ________which includes $1.50 for handling. Yorke pays postage. 


O Please bill me plus postage and handling. (U.S. and Canadian residents only.) 
O Please bill my (CJ VISA OC MasterCard 


Card No. 
Exp. Date______»_ M/C Interbank No. 
Signature 
NAME 
ADDRESS 
CITY 
STATE ZIP 


Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders 
to be shipped outside the U.S. end Canada. 
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Compute and print 
acomplete — 
hemodynamic 
profile at the push 
of a button. 


If you still think of computing 
cardiac output and printing a 
permanent record as two separate 
operations, let Gould bring you 

up to date... 


, 
iff. 








Introducing the Gould Hemodynamic 
Profile System. It not only provides 
cardiac output, it computes and 
prints a complete hemodynamic 
profile at the push of a button. 


The system features the new 
Hemodynamic Profile Computer with 
a built-in printer. Gould’s innovative 
design offers a unique sensor system 
that accepts any injectate tempera- 
ture between 0° and 30°C, automatic 
averaging and storage of cardiac 
output and index values, automatic 
adjustment to injectate temperature 
and user-friendly software to minimize 
human errors and improper setup. 
CritiKit™ Injection Kit provides the 
Safety of closed loop infection 
control, flexibility to use iced or 
room temperature injectate 
and a unique sensor 
that provides more 
accurate cardiac 





output assessment 

by measuring temperature 
throughout injection. Together, 

they give you more critical data 
more conveniently than ever before. 


So when you think hemodynamic 
monitoring, think Gould innovation 
and quality. For more details, contact 
your Gould sales representative or 
call Gould directly at one of the toll- 
free numbers listed below. 


Gould Inc., 

Cardiovascular Products Division 
1900 Williams Drive 

Oxnard, California 93030 

(800) 235-5945 

In California, call (800) 631-7015 

In Alaska and Hawaii, call 

(805) 983-1300 collect 


=" GOULD 


For steady maintenance following 
cardioversion of supraventricular, 


ventricular, and atrial tachyarrhythmias . 


u Maintains normal sinus rhythm 
u Full quinidine cardiodynamics 


= Greater gastrointestinal tolerance 


than with quinidine sulfate* 


= Convenient b.i.d. or t.i.d. dosage 


*Bibliography available upon request 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
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Introduction 


Tie articles in this symposium issue of The American 
Journal of Cardiology were presented at a conference 
ntitled “Cost Containment Issues in Cardiology,” held 
in Tucson, Arizona, January 25-27, 1985. The confer- 
ence had its genesis in a series of meetings held over 
more than a year among several of the participants and 
yself. Cost containment has become an increasingly 
important subject in medicine, and particularly in 
cardiology, during the past decade, Considerable con- 
troversy has arisen about its effects.on the quality of 
medical care, education and research. The conference 
was intended to help those participating in cardiovas- 
cular care, teaching and research become more aware 
of government’s and society’s interest in cost contain- 
ment. The conference was made possible by an educa- 
tional grant from Merck Sharp & Dohme, and the 
publication of this symposium issue was supported by 
both Merck Sharp & Dohme and Hewlett Packard. The 
participants appreciate their support in bringing these 
issues to public attention. 


Concepts Considered 


In planning this conference, I wished to focus atten- 
tion on a few specific issues, which could be examined 
in detail, and to develop a program for achieving them. 
The conference: 8 objectives were: 

1. to identify cardiology's impact on medical costs, 
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4. to examine the cost of technology and pharma- 
ceuticals in medical care, 

b. to discuss strategies for enhancing patient care 
while reducing overall hospital cost, and 


.. 6. to examine the role of proprietary hospitals in cost 


containment. 
To accomplish these goals, background information 


— had to be developed and presented to all those attending 


the conference. In addition, the participants needed to 


understand some of the impressions about cost con- 
‘tainment circulating among health care providers. From 


. the many currently abounding, the following were 
- gelected: 


2. to relate cost containment to the quality of patent 


care, 

3. to determine the effects of boat containment on 
teaching and research in E: cardiovascular 
field, 


| From the Division of Cardiology, Stanford Unter School of Medicine, | 


| Stanford, Callfornia. 

Address for reprints: Donald C. Harrison, MD, William G. Irwin Pro- 
 fessor, and Chlef, Division of Cardiology, Stanford palyersity FONI 
| of Medicine, Stanford, Palliomis 94305. 


1. “We keep the same approaches but give them 
different names.” 
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2. “There is no reason to change because our medical 
care system has proven to be the best in the 
world.” 

. “We must hold individual rights and needs higher 
than the collective needs of society.” 

. “Applying general business principles to the health 
care industry has failed every time.” | 

. “Those screaming the loudest are those whose ox 
is being gored first." 

. “There are few genuine experiments with cost 
containment, and not one is well enough controlled 
for careful consideration." 

7. “There is far too much philosophy in this area by 

those who know nothing of medical care." | 

Although each of these may contain a grain of truth, 
they clearly represent an ostrich approach to the major 
questions of cost containment in medicine today. I felt 
that we must “pull our heads from the sand," face the 
issues directly and come up with reasonable solutions. 
To achieve this, Dr. Harold Shapiro of the University 
of Michigan gave the keynote address to highlight eco- 
nomic resources important in health care. This was 
followed by a series of presentations on the conference's 
objectives as outlined earlier, then by a number of 
workshops on specific points of view, with 20 to 30 
. people discussing innovative approaches and developing 
recommendations. This symposium issue includes these 
recommendations. 

Finally, the conference ended with a provocative but 
optimistic view of the future for health care cost con- 
tainment by a professor of medical economics, Dr. Uwe 
Reinhardt of Princeton University. The meeting pro- 
duced lively discussions, the airing of many controver- 
sial issues and more consensus than I had believed 
possible. 


Do Cc A w 


Chairman's Musings 


Although I cannot provide an overall summary of this 
conference, I would like to offer some thoughts. First, 
we must realize that cost containment will be forced 
upon us if we do not accept it voluntarily. Second, 
Ginsburg’s definition of “cost containment" as “a re- 


duced inflow of real resources into the health-care sys- . 


tem without diminution in useful output that would 


adversely affect the satisfaction of patients or their 
‘health status,” leads to the following conclusions?: 

1. Higher priced technologies introduced into med- 
icine must produce a clear benefit over existing less 
costly technologies. 

2. Physicians must exercise self-restraint in utilizing 
resources. i 

3. Outpatient care must be substituted for inpatient 
care whenever it is safe and effective. 

4. Hospitals must reduce ancillary personnel. 

5. Duplicate services must be eliminated. 

6. Widespread patient education should be under- 
taken to encourage healthy life-styles. 

Although these approaches will reduce accessibility 
and quality of services to the public, they may not im- 
pair society’s overall health status. In addition, tax- 
subsidized health care programs will limit total expen- 
ditures, regulate the extent and availability of facilities 
and forcibly reduce the number of physicians training 
in highly costly subspecialties. Whether we agree or not, 
these measures are already being taken, and physicians 
must counterbalance their potentially adverse effects 
by becoming better informed and more effective 
spokespersons to society. 


The Future 


This symposium issue shows that only a few of the 
major issues in cost containment were considered during 
the 3 days of the conference. Some issues were consid- 
ered superficially and many controversial issues were 
not resolved. Certainly we all had our levels of con- 
sciousness raised and felt a remarkable sense of ac- 
complishment about the recommendations arrived at. 
The one clear conclusion is that cost containment in 
cardiology is more important than ever and is now 
central to our considerations. This led most of us to 
propose further conferences and small working groups 
within our professional organizations to focus specifi- 
cally on the issues presented herein. 
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Paradox, Change and.Choice: An Economist’s View 
of Some Current Health Care Resource Issues 


HAROLD .T. SHAPIRO, PhD 





Health care delivery 1 Is a major Industry in the United | 


States, consuming large quantities of human and 
hysicai capital and generating Impressive quan- 
ities of products, ideas, trained personnel and health 

rvices. The focus of current public policy attention 


upon the medical profession, which has only in this : 
century become a highly respected sclentific pro- 


ession, is not on its substantial accomplishments, 
but on the health care dellvery system as a con- 
sumer (generator?) of over 10% of our annual gross 
national product. The overwhelming focus of current 
public policy and public sentiment Is on cost con- 
alnment (l.e., developing strategies to limit the flow 
iof resources into the existing health care delivery 
"E 
This shift In public sentiment and new focus of 
public policy Is,-In some sense; a paradox In view of 
the spectacular advances In medical science and 





enhance the understanding of what is now known 


United States as “the cost containment issue.” This is 
a very complex, multidimensional subject involving 
institutions, individuals, values, economics, ethics, 
change, science and, in some respects, life itself. While 
any balanced diacussion of the U.S. health sector is in- 
evitably both a celebration and a challenge, I have se- 
lected a subset of the challenges and have mostly put 
Jaside issues of celebration. 


| I will concentrate on the inevitable change that is _ 


required within the health sector in order to meet new 
developments in science and society. I hope you will 


understand, therefore, if this report seems to fall victim `- 
to Goethe’s observation: “If man thinks about his 


physical or moral status he nearly always discovers he 


iis ill." To the extent that I emphasize the difficult 


challenges ahead, it does not reflect my lack of appre- 

ciation for the enormous vitality of medicine, but my 

desire that we make those changes that will serve soci- 
| ety's long-run best interests. 


Address for reprints: Harold T. Shapiro, PhD, President, The University 
of Michigan, 2074 Fleming Building, Ann Arbor, Michigan 48109-1340. 
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The purpose of this article is to discuss and. perhaps 


‘throughout the health care delivery System in the. 


access to health care that the medical profession 
has. delivered In the last 2 decades. The source of 


‘this anxiety and the cause of current Initlatives In 
public policy and private practices with respect to 


health care I$ costs. The health care sector has not 
only consumed more resources than anticipated, but 
has also been characterized by unusually rapidly 
escalating prices and skyrocketing government 
resource commitments. As a result, we are asking 
new questions and seeking new Initiatives. We are 


| asking whether the Institutions and practices that 


characterize the existing health care delivery sys- 


. tem are the most sultable arrangements for our fu- 


ture. This article raises some of the Issues entalled 


` by these questions and detalis some of the choices 


which lie ahead for the health care Industry. 
(Am J Cardiol 1985;56:3C-9C) 





t 


Although the cost containment issue is usually pre- 


- sented in financial terms, often as new initiatives in 


health care financing, standing behind those financial 


. issues are much more important and basic changes in 


the operation of the health care delivery system. What 
are often advertised a8 new cost containment strategies 
are actually strategies aimed at changing the behavior 
of health care professionals, changing modes of practice 


: and changing the behavior of patients. They may even 


reflect a somewhat different view of the relation be- 
tween health and the delivery of medical care. In brief, 


the cost containment issue is simply a politically con- 


venient or polite shorthand for calling into question 
important components of the current institutional ar- 


rangements, values and perceptions that govern our 
. health care delivery system. Public policies and private 


initiatives designed to limit the flow of resources into 
the existing medical care system must be considered a 
signal that society wishes to consider changes in existing 
arrangements within this sector or that we now choose 
to spend our national wealth on other types of human 
needs. 

I hope I can help clarify some of these issues, because, 
as an economist, I have spent a good deal of time ana- 


. .lyzing ecohomic and financial data. A nation's gross 


, s. 
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national product (GNP) is only interesting, however, 
if it reveals something about the performance of the 
economy in meeting important human needs. Economic 
analysis can also be helpful in situations in which there 
are insufficient resources to meet all legitimate needs 
and choices must be made. This is precisely the situa- 
tion faced by our society in assessing appropriate re- 
source allocations to the health sector and by our 
medical care delivery system in deciding how best to 
deploy these resources. 


Some Ancient History: Medicine as Art 


-The practice of medicine has an ancient history. From 
the very beginning of civilization, there has been, in one 


healing forces of nature by direct intervention. Although 
Homer and Herodotus wrote admirably about Egyptian 


first rational framework for the study of medicine, de- | 
spite the residual benefits of the earliest pharmacopeia, 
despite the advances of Vesalius (anatomy) and Harvey 


despite the existence of prominent physicians and 
medical investigators throughout recorded history, 
medicine first became scientific in fact rather than in- 
tention in the 19th century. Only recently, therefore, has 
medicine begun building on broad-based developments 
in chemistry and biology in conjunction with systemat- 
ic clinical observations. Regarding actual medical prac- 
tice, the science of medicine really begins i in the 20th 
century. 

Although history is s replete with tales in which court 
physicans rose to positions of considerable influence on 
the basis of their perceived therapeutic powers, a more 
sober assessment might group these distinguished 
practitioners with equally influential and talented court 
magicians and court jesters. I have no wish to demean 
the considerable accomplishments of many of these 
early professionals, but they had little or no science at 
their disposal and it is not clear that individual success 
was in any way related to superior medical under- 
standing. In any case, we must remind ourselves that it 
is only in this century that medicine has become a re- 
spected scientific profession, capable of both individual 
and large-scale interventions that effectively alter the 
course of various diseases and engineer stunning 
changes in the world’s epidemiological map. Recall for 
a moment the assessment of Francis Bacon: “Medicine 
is a science that has been more professed than labored, 
more labored than advanced ...” or the definition of 
medicine offered by Voltaire: “The art of medicine 

consists of trying to amuse the patient while nature 
| takes its course." Consider also the somewhat more 
| recent assessment of Napoleon Bonaparte: "Medicine 

- is a collection of uncertain prescriptions the result of 
which, taken collectively, are more fatal than useful to 
mankind." Or listen to the voice of O.W. Holmes at a 
lecture at the Harvard Medical School: “I firmly believe 
that if the all of materia medica could be sent to the 
bottom of the sea, it would be all the better for ind 
and all the worse for the fishes." 
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' delivery systems of industrialized societies, they are all 


form or another, the dream of supplementing the ; 


medicine, although the Greeks attempted to develop the | 


(blood circulation) in the 16th and 17th centuries and: 
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. Contemporary Medicine as Science and Industry 
| The contemporary world of medicine stands completely 
- transformed from its ancient but rather humble history. 
It is, therefore, appropriate to consider the 20th century 
as a truly revolutionary period in the history of medi- 
cine. Despite the differences in the contemporary health 


part of an unprecedented and dramatic transformation 
of medicine from art to science and from an activity of 
minor significance to an industry with a significant so- 
cial, political and economic impact. Perhaps the most 
concrete and visible symbol of this transformation is the 
revolutionary transformation of the tole of hospitals 
from “warehouses of human misery” where no one 
would choose to go, let alone pay for the privilege, to 
institutions uniquely capable of complex and highly 
valued medical/surgical intérventions. 

Temphasize these dynamic and revolutionary changes 
because the health care delivery system is in the process 
of dynamic evolution. It is not a mature system from 
which only slow, marginal changes are to be expected. 
On the contrary, it is a young, quickly evolving system 
that can be expected to continue to change dramati- 
cally. 

. Although medicine is a science.and a profession, it is 
also an industry that consumes large quantities of 
human and physical capital and uses these resources to 
generate impressive quantities of products (e.g., phar- 
 maceuticals), ideas (e.g., new science), trained personnel 
(e.g., nurses, physicians) and health services (e.g., in- 
dividual treatments, water purification and sewage 
disposal mechanisms). Indeed, in the United States, 
medicine is now a major industry, employing more than 
7 million people and cónsuming more than 1096 of our 
annual GNP. As with any industry, medicine employs 
natural resources, facilities and people (generating 
costs) to produce products and services (generating 
value). That is, all industries incur costs and produce 
socially useful output for which they receive revenues 

and, one would hope, profits. 

As I have noted, costs are transformed into revenues 
and inputs are combined to produce socially useful 
outputs of greater value than the inputs themselves. If 
the outputs are not of greater value than the inputs 
themselves, there would seem prima facié to be little 
point to the industry. 

Ifa particular effort (industry) at transforming inputs 
into outputs is no longer considered sufficiently valu- ` 
able, it is discontinued. Many examples of this are all . 
around us: the family farrn, wooden spokes for wheels, 
certain types of steel, consumer electronics and textiles. 
The important point is that many of society's key de- 
cision makers are asking whether or not the institutions 
and policies that now govern the medical care delivery 
system in our country are producing the right products 
and services (allocative efficiency) in the most efficient 
manner (technical efficiency). That is, they are con- 
cerned about whether we are receiving adequate value 
for the resources we are committing to this sector. Not 
‘everyone is asking these questions. Some are satisfied 
with the status quo, typically but not exclusively those 
engaged in the health care sector. Some are ambivalent, 
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typically the consumer who is worried about costs but 
also enjoying benefits. However; many critical decision 
makers—in this case corporations, government agencies 
and labor unions—are questioning whether or not the 
pattern of current resource commitments and proce- 
dures for delivering medical services is sufficiently 
valuable. 
| Ihave emphasized this rather elementary and obvious 
relation between costs and values to make a second 
point. Rhetoric régarding costs or cost containment 
cannot be usefully separated from consideration, of 
values produced. The fact that we talk of cost contain- 
ment and not value containment reveals a great deal 
about the nature of the current debate.* Now I return 
to some recent history and a current paradox. : 
! Although the U.S. health care delivery system has 
been in continuous change throughout most of this 
century, the last-2 decades have been unusually évent- 


. ful. Since 1965 there has been a major metamorphosis 


in the U.S. medical service industry, with one achieve- 
ment topping another. Why then, at precisely this mo- 
ment in our history, are we worried about containing 
health care costs and restructuring certain aspects of 
imedical care delivery? We should analyze this apparent 
paradox, but to do so I must allow some celebration. 

| The health care profession, after all, has done ev- 
erything that was asked of it and more! The progress in 
imedical science has been spectacular. The news media 
report advances in medical science almost daily; these 
iare followed closely by application of this new knowl- 
edge to clinical situations. Qur capacity to understand, 
intervene and alter the course of various diseases has 
grown beyond all but the most fertile imaginations of 
a generation ago. 

| There have been other types of advances as well. In 
11965, the notion of equal access to health càre, an es- 
sential component of equal opportunity, was largely 
iempty rhetoric. However, if one considers the current 
participation rates of various elements of our population 
in the use of hospitals, in serious kinds of surgery and 
in the use of other important medical services, one finds 
that the gap between rich and poor has substantially 
inarrowed i in the last 2 decades, although differences 
continue to exist. We still have an underserved segment 
‘of our population that is inadequately treated. Many 
iof our private and public medical assistance programs 
jare in some difficulty and many hospitals, particularly 
teaching hospitals, still face significant problems in 
uncompensated care. Nevertheless, enormous progress 
has been mäde in this area. The history of mediċine in 
this country clearly indicates that broad scale govern- 
ment action (e.g., Medicare, Medicaid, Hill-Burton, 
medical education) to deliver health services to the 
ii population and broad-based private health 


: deficiency by falling to acknowledge that unless we understand which 


| 
a * The national debate on cost containment suffers a second material 
| comporients of cost we are trying to contain (quantity of care, quality 


of care, prices of medical services, and so on), the rhetoric Is not very 


! helpful. A prerequisite of an Informed debate Is to look behind 

costs at their Individual components, upon which public pollcy and 
| Market forces could exert real behavioral impact. The detalls really 
i matter. 
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insurance initiatives have been far more effective than 
the very genuine but rather quaint notions of the dis- 
pensary and voluntary time given to clinics by doctors 
themselves. 

These and other developments have led to significant 
decreases in mortality rates from such major conditions 
as heart disease and stroke. Medical education has been 
expanded both here and abroad, yielding a 75% increase 
in the number of physicians and even larger increases 
in the numbers of other health care workers. Wages of 
physicians have been at least adequate since the be- 
ginning of this century, but in the last 20 years we have 
seen a significant increase in the wages of other hospital 
workers. It is no longer true that you have to have a 
“calling” in order to be a hospital worker. 

While all of this was being accomplished, however, 
2 very important associated developments were taking 
place. First, the third party payor entered the medical 
industry as a major force, principally the federal gov- 
ernment and the private health insurance companies. 
In 1965 direct payments by individuals accounted for 
just under 50% of all expenditures for medical care, 
private insurance for an additional 18%, while the fed- 
eral government’s share stood at about 12%—approxi- 
mately similar to the share of state and local govern- 
ments. Two decades later direct payments by 
individuals have shrunk to just over 25%, the private 
insurance share has almost, doubled to over 25%, and the 
federal government’s share more than doubled to over 
30%. 

A widely shared myth is that Medicare and Medicaid 
patients account for virtually all of this substantial in- 
crease in the federal government’s support of medical 
services. If one considers the tax benefit of making 
health care a tax-free benefit, however, families earning 
over $32,000 per year consume well over one-fourth of 
the federal resource contribution to medical care. 

Second, health expenditures began to account for a 
larger and larger share of the nation's GNP. Medical 
care expenditures now account for over 10% of the na- 
tion’s annual output of goods and services, compared 
with just 696 2 decades ago. Further, during this period 
the nation's GNP increased substantially. Health care, 
therefore, was consuming a latger slice of a significantly 
larger pie. Thus, it is clear that these enormous 
advances were bought at a considerable cost. In the last 
2 decades health expenditures per capita have grown 
from $211 to $1,300, or at an average annual rate of 
12.5%. This is twice the growth rate of the economy as 
a whole. 

In addition, because of new public policies and new 
health financing arrangements, federal government 


budgets have skyrocketed. From a political point of view 


this latter point is extremely important. There has been 
a 30096 increase in federal expenditures for health after 


| adjustment for inflation and before the substantial 


aging of our population—enough to catch any con- 
gressperson's attention; This is important because the 
changes we anticipate in the medical care sector are not 
generated primarily by new developments in medical 
science or new ideas generated by the medical profession 
regarding appropriate health care practices; on the 





contrary, these new initiatives are being generated 
largely by the budgetary actions of the federal govern- 
ment, which are motivated by overall fiscal concerns, 
perceived threats to resources for other desirable pro- 
grams and a sociopolitical balancing of society’s needs 
and resources. The medical care sector has discovered 
that dependence on the federal government budget has 
risks as well as benefits. 
. The health care sector was not only consuming more 
resources, but was also characterized by unusually 
rapidly escalating prices. Since 1960 the consumer price 
index has risen about 3-fold. The price of hospital 
services, on the other hand, has risen 10-fold. The price 
. of physician services has risen between 4 and 5 times 
and the price of other forms of medical care about 3.5 
times. Further, this superinflationary tendency has 
become especially severe in the last 6 years. In recent 
years health care costs have been rising faster than 
taxes, energy costs or wages of labor union members. At 


a time when inflation has captured the concern of most : 


. Americans, the movement in the price of health services 
attracted their attention and interest. 

Therefore, forces for change are emanating from a 
number of sources. One is pressure on the federal budget 
and the subsequent development of diagnosis related 
groups (DRGs) and other initiatives. À second is from 
state government which, responding to similar pressure, 
has taken steps to treat the medically indigent in a less 
generous manner. À third, however, arises from the 
operation of more-or-less private markets. The in- 
. creased supply of physicians, a very slowly growing 
population, the rapid development of prepaid plans; 
. new competition between private health insurers and 
economies of scale have also led to the development of 
competitive pressures that threaten the livelihood of 
some physicians and hospitals. These market forces 
reflect the same basic concerns as those underlying the 
budget actions of federal and state government, namely 
the more efficient and appropriate use of resources in 
the health care sector. 


New Politics and New Questions 


As these various forces in the health care sector con- 
tinued to develop, an important change in attitude was 
taking place within the broader political framework. 
Only 2 decades ago, Lyndon Johnson was campaigning 
for the White House and declared the following theme 
for America: “The federal government can do a lot of 
things for the people and we are going to do them all!" 
Johnson was elected in a landslide and proceeded to 


implement the very popular Great Society program. | 


This included not only Medicare and Medicaid, but also 
new initiatives with neighborhood health centers, 
community mental health centers, the health service 
corps and improved finance for medical education and 
research. With respect to financial arrangements we had 
. new financial incentives, including fee for service, first 
dollar coverage and cost-based reimbursement, that 
were precisely designed to expand both the quality and 
availability of health care services. How different these 
initiatives sound from DOUAS “watch words,” e.g., co- 


payments, deductibles, DRGs, frozen fee schedules, 
Medicare vouchers, and so on. The Great Society ini- 
tiatives are now viewed in a different light and so are our 


- commitments to many of its health care initiatives, 


values and assumptions. 

Thus, after 2 decades of very rapid advances in the 
medical care profession, the cheering is now joined by 
a chorus of concern because of the “strain” on the na- 
tion's resources that health care represents. Although 
it may come as a shock to some health care providers, 
our nation's resources are limited and some people be- 
lieve that there are other things in life besides medical 
care. In the context of all of these accomplishments and 
concerns, society began to take a closer look at the 
medical sector to ask a somewhat different set of ques- 
tions. T'he question posed by the health policies of the 
Great Society —how can we maximize both the quantity 
and quality of medical care delivered? —haà been re- ` 
placed by a different set of questions regarding ef- 
ficiencies, the appropriate emphasis on acute care, the 
role of technology, health financing practices and thé: 
relation between medical care and health. These new 
questions are designed to call into question many of the 
existing arrangements and policies by which we deliver 
medical care. 

Let us consider some of these questions more care- 
fully. Consider the issue of efficiency or whether the 
medical sector is using resources as effectively as pos- 
sible. What, for example, are the implications for hos- 
pital efficiency of the standard cost-based payment 
mechanisms? From an economist’s point of view, a 
cost-based payment mechanism contains no incentives 
for efficiency and can be expected to lead to overcapi- . 
talization, inefficiency and excess capacity. In fact, this 
is exactly what developed in the hospital industry. Re- 
sources were inefficiently deployed and wages of hos- 
pital workers were higher than similar occupations in 
other industries. These influences were understood, 
though perhaps underestimated, by the designers of the 
Great Society programs, but they chose to rely on reg- 


 ulations to contain or counterbalance the forces gen- 


erating incentives for overexpansion and inefficiency:! 
Public policy was willing to take this risk because the 
overriding concern was expansion of and access to 
quality health services. 

Obviously, regulation has failed in the sense of en- 
suring adequate efficiency in the use of the nation's 
resources, 'T'hus, while cost- based financing may address 
issues such as access, it does not address the issue of 
efficient resource utilization. Also, although a cost-based ` 
system can provide resources for quality and often did, 
it also encouraged complex procedures at less than 
qualified institutions, leading to higher-than-necessary 
mortality rates. 

Does the fee-for-service practice have implications 
for efficiency? The purely economic incentives in a 
fee-for-service system lead one to maximize expendi- 


T Contrary to myth, reliance on government regulation has been 
characterlstic of the U.S. health delivery system through most of this 
century. Most critical has been government responsibility and regulation 
of various public health Issues (Including regulation of drugs), and the : 
delegation of most other Issues the medical profession’ itself. 
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brea to maximize delivery of services whether needed 
or not, to ignore cost benefit considerations and to pay 
for care rendered rather than benefit received. What- 
ever benefits fee-for-service mechanisms may have, they 
certainly do not offer many incentives for efficiency. 
There are other questions with respect to the profes- 
sional organization of physicians and professional fees. 
Why, for example, has there been no significant re- 
duction in professional fees for procedures that were 
initially difficult, risky and performed infrequently by 
a few persons, but are now performed routinely with 
little risk, such as coronary bypass surgery, cardiac 
catheterization and gastrointestinal endoscopy? 
Any payment mechanism, whether fee for service, fee 
er diagnosis or capitation scheme, contains a particular 
t of economic incentives that will have an effect upon 
he behavior of both patient and provider. Thus, the 
optimal mechanism will change over time as our ob- 
jectives change. From the economic perspective, the 
payment mechanism of the last 2 decades provided no 
reward to the consumer for seeking out an efficient 
‘provider and no reward for the provider to become ef- 
ficient. From society’s perspective, the overall goals 
remain accessibility, quality and efficiency, but there 
are shifting notions concerning the appropriate social 


idefinition of quality, the relative importance of effi-. 


‘ciency and the willingness to passively commit resources 
ito the existing set of institutions and practices. 

We also began asking new questions about the rela- 
tion between medical care and health. Although medical 
care is often essential for health, we also know that 





many cases. We know that the medical care sector 
jconsumes most of the resources devoted to health care, 
but many observers now believe the patient's behavior 
jhas the primary impact on health. As evidence is found 
that environment and life-styles also have a major im- 
‘pact on health, we are beginning to understand that, 
first, there is not always a simple, direct or obvious 
‘relation between the resources devoted to the medical 
|care sector and actual health outcomes and, second, that 
‘resources spent outside the existing patterns of health 
care delivery may have a greater impact. 

We are also asking other kinds of questions, first 
posed by Victor Fuchs, such as why we have so many 
seemingly artificial separations in the medical care in- 
‘dustry. Why do we separate inpatient from outpatient 
| care? Why do we separate personal from public health 
issues? Why do we separate health services from social 


|services? From existing knowledge regarding human 


development, we know that these issues are intimately 
related. Do we deliver overly elaborate care to some, and 


too much care in an inpatient setting? On the consumer. 


side, we are asking questions about the impact pre- 
| payment and “first dollar coverage" have on consumer 
: demand, since these practices give little incentive for 
the thoughtful use of health services. 

We have also become concerned about the role of 
| technology. We are asking for a reassessment of current 
| medical technology to identify and hopefully delete 
| marginally useful, unnecessary or redundant procedures 
| and practices. Although the correlation may be spuri- 


medical intervention still has only modest impact in 


ous, the rapid escalation of medical costs (values?) has 
been associated with the introduction of much new 
medical technology. New technology, the vehicle for 
many of the most significant advances in contemporary 
medicine, has, in some people’s minds, become the vil- 
lain. In their minds new medical technology may merely 
be substituting 1 nuisance for another at significantly 
increased costs rather than the embodiment of a nev 
quality of care. Even within the medical profession 
most discussions about the introduction of impressive 
new technologies indicate that they are associated witt 
increased costs. To many, these new developments ir 
technology always seem to leave us with the difficult 


question of limiting the introduction of clinical researck 


to patient care areas or continuing to devote a larger anc 
larger slice of our GNP to medical care. Technology ir 
most other sectors, however, is associated with de- 
creasing costs or the capacity to meet certain needs witt 
fewer resources. In part, this is a matter of semantics 
and incomplete accounting. That is, we count the costs 
of a new nuclear magnetic resonance (NMR) facility but 
not the benefits to patients of the improved technology. 
If the medical sector wishes to attract adequate re- 
sources for the continued development and introduction 
of new technologies, many of which may reduce costs, 
we must develop a better framework for discussing this 
issue. 

In addition to and underlying all these factors, how- 


' ever, we are questioning the entire institutional 


framework that has evolved for medical care in this 
country. That is, we are asking ourselves whether the 
institutional framework we developed over the years 
continues to serve our long-run best interest and the 


. best interest of the health of our citizens. Given current 


national resource commitments, this is an entirely ap- 
propriate question: We must continue to evaluate the 
existing health care structure and ask how it might be 
altered in order to use the resources that society is de- 
voting to medical care more efficiently. The “cost con- 
tainment issue” is simply the title of the national drama 
that concerns how we may best organize medical care 
delivery for the next decades. Through this drama we 
are asking whether the institutions and practices that 
characterize the existing health care delivery system are 
the most suitable arrangement for the future. 

Why, in particular, should economists reflect on these 
issues? Hard as it may be to accept, I think an econo- 
mist’s point of view can be helpful for a number of 
reasons, 

First, the delivery of health care consumes real re- 
sources. It takes people, capital equipment, buildings 
and time to deliver medical care services. Second, these 
individual and national resources are scarce in relation 
to human needs. That is, we do not have enough people, 
equipment or raw material to meet all our human needs. 
Thus, when we commit resources to the medical care 
sector, we are not allowing them to flow to some other 
human needs. Third, individuals have quite different 
values and preferences. In terms of medical care, this 
means that not everyone ranks medical care as the most 
important thing in their lives. These 3 conditions are 
precisely the type of situation that interests economists 
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most. How do we allocate resources to alternative uses 
when individual desires and values vary greatly? 

The framework governing our health sector in the last 
decades, however, has not been based on such premises. 
The primary impulse that underlay the framework of 
the Great Society’s health programs was that sociéty’s 
resources were somehow unlimited or, if they were not 
unlimited, our values were such that we would volun- 
tarily allocate as much of our resources as necessary to 
the health care sector. 


Contemporary public policy discussions indicate that 


society is no longer willing to passively allocate as much 
of its resources as the medical sector deems necessary 
to fulfill its function. Instead, society is asking for some 
accounting of costs and benefits. 

If we want to ensure an adequate flow of national 


resources to the medical care sector, we will have to - 


change our institutions, practices and behavior. In 
particular, we have to change the efficiency with which 
we operate by altering many traditional practices, 
procedures and outlooks. We will, for example, have to 
break down the separation between personal health and 
public health, inpatient and outpatient health services 
and social services. We may have to reconsider the 
relation between physicians and patients, between 
physicians and other health professionals (e.g., nurses), 
among physicians themselves and between physicians, 
patients and hospitals. If we in the health care sector 
stick doggedly to the status quo, we will have selected 
a strategy that will, in my opinion, minimize the level 


of resources that society will devote to the medical care . 


sector. 

What our society is strongly indicating to us is that 
the former premises of unbounded resources are no 
longer valid. Medical care can no longer be delivered as 
though the resources for it were unlimited. Society will 
insist on the more efficient use of resources and health 
care providers will have to indicate how well they are 
complying. Society will insist on greater variety in the 
mode of delivery of health care. Society will insist on 
clarification of the relation between the activities that 
go on in physicians' offices, in hospitals, in nursing 
homes, in all existing institutions of the medical care 
sector and the resulting health status of the population. 
It will insist on a better understanding of the relation 
between the resources that are used in the. medical 
sector and outcomes in terms of the health of the pop- 
ulation. We may even need to evolve a new under- 
standing of what is meant by health and quality care. 


Important ethical as well as economic and medical. 


issues are involved. In short, we not only want to look 
at cost/benefit ratios, but also to understand better what 
is meant by benefits. 

At the same time, we must guard against being too 
narrow in our outlook. Medical care costs are, the 


product of 2 elements: the quantity of care delivered and 


the price per unit of that care. One way to constrain 
medical care costs is to decrease the quantity or quality 
of care delivered. That may happen; it may be hap- 
pening right now and the prospect of further rationing 
medical care is clearly before us. Critical aspects of the 


_ DRG system, for example, yield few incentives for 


quality care and the provision of the most complex acute 
care services, but there are many pressures for cost 
minimization (e.g., fewer tests, shorter stays) that may 
lower quality as well as provide incentives to increase 


` efficiency. Further, to the extent that Medicare/Med- 


icaid programs offer less advantageous terms for their 
clients, providers may decide not to offer their services 
to this segment of the population. Indeed, it could be 
argued that the DRG system will result in allocating a 
greater share of medical services to the most well-served 
part of the population—the higher income group. It 
would be disappointing to return to a “2-tier” system 
of health care. 

This conference is concerned with cost containment, 
DRGs and other payment mechanisms. 'T'he real issues, 
however, are not cost containment payment mecha- 
nisms and DRGs; the real issues consist in arriving at 
a better understanding of what health means and a more 
efficient and appropriate use of our national resources. 
Not only do we wish to use our resources as efficiently 
as possible in the support of particular activities, but we 
want to ensure that the most effective set of activities 
(e.g., acute care vis-a-vis preventive care vis-a-vis en- 
vironmental issues) are pursued. 

We must remember that contemporary cost con- 
tainment issues, such as the DRGs, are only the first 
salvos in an ongoing national debate. The Congress, our 
government and society at large have decided that the 
first step in this reevaluation of health and health care 


delivery is to put into place new financial incentives 


aimed at altering the behavior of those in the medical 
care industry. In particular, they are asking us to prac- 
tice efficiency and limitation of service rather than ex- 
pansion of service and revenue. This is far from the last 
word on this subject; it is merely the first word. 

The first effort by the Congress, therefore, has been 
to use financial incentives, however, imperfect, to alter 
behavior. I am sure that the initial system that has been 
adopted will not be the final system. There will be as- 


. pects of it that are unacceptable to everyone and they 


will be altered. I am also sure that, however we proceed 
from here, it will not be to revert to the old system. So 
some of the basic issues I have tried to underline will 
continue to motivate changes in the system. 

At the moment, however, the emphasis is on the 
hospital and that itself is a very interesting and telling 
point. Why were the first major new financial incentives 
offered to the hospital? I believe that the federal gov- 
ernment is attempting to use the hospitals as institu- 
tions to bring about change. The hope is that they are 
putting in place a set of incentives that will force the 
hospitals to influence the behavior of patients, physi- 
cians and other health care professionals. The strategy 
is to make the incentives in the hospitals so pervasive 
and so important that the hospitals themselves will be 
the ones that will assume responsibility for changing the 
behavior of physicians, nurses, residents and other 
health care professionals. 

I think there are 2 basic reasons for selecting the. 
hospitals. First, most government payments go to hos- 
pitals or to very closely related activities, and it is the 
government's Medicare/Medicaid budget that is one of 
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‘the principal driving elements in this particular reform. 
"There is, however, a second reason. These financial in- 
icentives mask some very difficult political and social 
decisions. Under this new mechanism, hospitals will 
‘have to decide what services to offer, to whom to offer 
Ithem, how many indigent patients to take care of, what 
‘kind of diseases they will treat and what procedures and 
practices are financially viable. It is much easier for 
i Congress to face this issue as an economic incentive 
issue than to have to deal with the political and social 
realities of decisions regarding health care expenditures. 
‘Thus, many providers of health care will face these so- 
cial, political and ethical issues on their own. Some of 
Ithose issues will be politically, socially and medically 
very sensitive. Thus, an enormous burden has been put 
on their shoulders through something as deceptively 
"simple" as a DRG system. 

Whether the nation itself can take the leadership to 
discuss these difficult social and political issues re- 
| garding the allocation of resources through the Congress 


lor other public bodies, I do not know. It is easy for the .. 


| Congress to allocate fewer resources to the medical care 


sector. The harder question is the one they have not 
‘addressed: how are we going to allocate those scarce 
resources? 
' In my judgment, the focus of policymakers on the 
' groups and institutions providing care will continue and 
‘be designed to encourage health management practices 
| that are more fully coordinated. To return to an earlier 
| theme in my remarks, they will be designed to break 
down the barriers between inpatient and outpatient 
services, medical services, social services, and so on. 
What this means to the health care sector can be 
; summed up in 2 words: change and choice. Standard 
practices and procedures must be reevaluated. We may 
; have to change the way we think about health care and 
_the way in which medical care delivery relates to ulti- 
' mate health outcomes. Perhaps we will develop new 
| standards and definitions of quality care. This could 
‘happen for both appropriate and inappropriate 
| reasons. l 
! We may have to change medical education because 
' it is not at all clear that medical education, particularly 
as we have come to know it in the last 2 decades, can 
| survive this alteration. It is no longer clear, for example, 


| that we can afford or tolerate the rapidly rising fac- | 


| ulty/student ratios in medical schools. It is no longer 
| clear that the nation will be willing to support the ex- 
isting number of residencies in various specialty pro- 
grams. It is no longer clear who will pay for graduate 
medical education and clinical research. Finally, it is not 
clear just how our current teaching hospitals will evolve 
and whether they will remain the centers of advanced 
tertiary care they now are. The viability of academic 
health centers must be examined. In the last decade, the 
| academic health center has become a focal point of ed- 
' ucation, research and patient care, and these elements 
' have become so intimately intertwined that separating 
| them will be very difficult. But changes are certain to 
| come and all physicians, nurses, administrators and 
| allied health professionals must change much of what 
| l 


they do and especially the way they think about their 
work. 

Nevertheless, I remain very concerned about the ef- 
fects of current federal initiatives on the future of our 
academic health centers, since they do not provide a - 
solution to the financing of medical education, research 
and tertiary care. This is a challenge both for us and for 
the future of medical education and research. 

'The factor bearing down on health care practices and 
institutions is choice, an economist's favorite word. 
Society is not willing to allocate the resources adequate 


` to meet all the very legitimate aspirations of those in- 
.dividuals and organizations in charge of U.S. health 


delivery. So difficult decisions will have to be made. 

Who will make all these decisions? If my interpreta- 
tion of American social history is correct, the American 
people would prefer to turn first to the medical profes- 
sion to ask what choices should be made. That profes- 
sion, therefore, has an opportunity for leadership; in 
fact, it has an obligation for leadership. However, society 
has not waited and will not wait. If the medical profes- 
sion does not provide the creative ideas, someone else, 
less informed and perhaps less able, will. 

To exert that leadership means being willing to accept 
the tension that will inevitably accompany such 
change—tension, for example, in the traditional phy- 
sician-patient relation as well as the physician-physician 
relation. It also means, however, reexamining many of 
the premises underlying what the profession has been 
doing for the last 2 decades. For example, the real ben- 
efits of the many resource-intensive demands of spe- 
cialist training programs must be evaluated. It is not 
that previous behavior has been inappropriate. It was 
appropriate, even exemplary, for its time. It is rather 
that it is a new time now, and new times require new 
ideas. In particular, leadership involves looking beyond 


_ the purely parochial interest of those of us involved in 


medical care delivery. 

Many people probably feel frustrated, as I do, by our 
inability to get others, such as the government, to listen. 
I believe this is because we have been too parochial in 
our views for too long. It is not that we have not spoken 
about these matters, but that we have not often spoken 
with the necessary breadth of vision. 

The future viability of the U.S. health sector is de- 
pendent, in great measure, on the leadership emanating 
from the medical profession. In the decades ahead, 
leadership will not only require professional skill, but 
also the capacity to motivate people and organizations 
toward change, the capacity to be flexible and to tolerate 
ambiguity and uncertainty, and the capacity to identify 
and implement new modes of practice and treatment. 
Most of all, these actions must be guided by a breadth 
of vision and commitment that is informed not only by 
developments in medical science but also by the 
broadest set of needs and resources contained by our 
society. I hope these observations will make some small 


. contribution to moving us in this direction. 


Acknowledgment: The helpful comments of my col- 
leagues, Professors Paul J. Feldstein, S. Martin Lindenauer 
and George D. Zuidema, are noted. 


Mines ——————————————————————————— PPP PH aaoo 


~ 


Cost Containment in Medicine: Why Cardiology? 


DONALD C. HARRISON, MD 





In 1984, expenditures for health care in the United 
States were nearly $350 billion, more than 10% of 
the gross national product, and continued increases 
exceeding the general economic growth are pro- 
jected. Cardiology and cardiovascular surgery 
represent a large part of this cost, reflecting the 
many new diagnostic and therapeutic procedures 
developed over the past 2 decades. Previous cost 


. containment attempts falled because they provided 


no incentive to reduce spending for advanced 
technologles and procedures. A method of payment 
based on a case mix of 467 diagnosis related groups 
(DRGs), average duration of hospital stay and lo- 
cation of hospitals has been developed for Medicare. 
A 4-year trial using this method In New Jersey re- 
sulted in lower hospital costs per capita than In the 
rest of the . In October 1983, a 3-year phase- 


began. The 43 DRGs assigned to cardiology and : 
cardiovascular surgery are among the highest- 
weighted for large reimbursement; thus, with the 
great number of aging patients with cardiac diag- 
noses, cardiology represents a very large share of 
the cost of medical care'today. 

Because the quality of care can be determined 
and compared directly with costs, cardiology DRGs 
lend themselves to careful analysis. Three compo- 
nents will be examined. (1) Coronary bypass sur- 
gery is the largest single reimbursement, thus the 
rationale for its use should be carefully studied, (2) 
Coronary care units have markedly increased hos- 
pital costs for acute myocardial Infarction, but have 
also improved care. (3) The administration of 
B-blocking drugs to postinfarction patients shows 
a favorable cost/benefit ratio in financial model 
examples. (Am J Cardiol 1985;56:10C-15C) 





In for all Medicare payments by the DRG method 


Since the introduction of Medicare in the mid-1960s, 
health care costs have grown faster than the gross na- 
tional product. Our country now spends nearly $350 
billion annually (more than 10% of the gross national 
product) on health care. Considerable controversy has 
arisen over these rapidly escalating costs and many at- 
tempts have been made to control them.!-? These have 
been largely unsuccessful, because health care profes- 
sionals had little reason to control hospital costs, 
shorten hospital stays or limit the use of new sophisti- 
cated technology. On the contrary, they had strong in- 
centives to extend hospital stays, duplicate high-tech- 
nology facilities in hospitals in the same region and 
order different tests for the same results. 

During the past 2 decades the quality of medical care 
and certainly its distribution have improved, but be- 
cause continued rapid cost increases are projected, new 


approaches to cost containment have been developed _ 


and applied. 

Beginning October 1, 1983, hospitals throughout the 
United States started a 3-year phase-in of a new pay- 
ment system for all Medicare patients.*$ It uses a 
case-mix formula of 467 diagnosis related groups 
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(DRGs), based on the discharge classification of pa- 
tients in New Jersey and developed by the Business 


School and Health Policy Group at Yale University.9? 


Each diagnosis is given a weighting factor based on av- 
erage length of stay, and the hospital is assigned a rural 
or urban designation for each DRG. Although it is still 
too early to determine the impact of the system, the 
New Jersey experience suggests that this method re- 


‘sulted in lower hospital coets59-1! compared with the 


rest of the country. It should be noted, however, that 
New Jersey had lower-than-average costs before the 
DRG payment system began. ' 

This article discusses the importance of cardiology 
and diagnoses relating to cardiology and cardiovascular 
surgery under the DRG system, its general application 
in cardiology and specific examples of expenditure in 
major DRG categories; from these, conclusions about 
the practice of cardiology using DRGs are drawn. In 
addition, it shows how cardiologic intervention may be 
of benefit in cost containment. 


Application of Diagnosis Related Groups 
In Cardiology 


The past 2 decades have seen many new and expen- 
sive diagnostic and therapeutic advances in cardiology 
(Table I). Since 1965, almost all major U.S. hospitals 
admitting patients with myocardial infarction have set 
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up coronary care units. Coronary angiography and by- 
pass surgery for coronary heart disease began in 1967, 
but became a major force in health care cost only in 1975 
when they were given to large numbers of patients. 
Treadmill stress testing, radionuclide imaging and new 
pharmaceuticals for hypertension, heart failure, ar- 
rhythmias and angina pectoris were introduced. Car- 
diology and cardiovascular surgery became costly 
components of health care. It follows that DRGs and 
cost containment will have considerable impact on the 
care of patients with heart disease, the practice of car- 
diology and the training of future cardiologists. i 
| Of the 467 DRGs, 18 (nos. 103 to 120) are classified 
as surgical but include such procedures performed by 
cardiologists as catheterization, pacemaker placement 
and treatment of heart failure (Table IT). Twenty-five 
(nos. 121 to 146) are classified as nonsurgical cardiac 
diagnoses and relate to hospitalization of patients with 
acute myocardial infarction, heart failure, cardiac in- 
fections, coronary heart disease with a variety of 
manifestations, cardiac rhythm disturbances, hyper- 
tension and a variety of mediċal presentations for ath- 
erosclerosis (Table [I).>1°12 Because the relative 
‘weights given to the cardiovascular-related diagnostic 
groups are high, and the geometric mean length of stay 
‘frequently long, these 43 DRGs have a major impact on 
cost containment. They represent a high percentage of 
ladmissions for many hospitals; during 1984 at Stanford 
University Hospital 5 of the top 10 DRGs, representing 
nearly 2096 of the total admissions, were for cardiol- 
ogy/cardiovascular surgical illness. Early national fig- 
ures for Medicare's 1984 prospective payment pro- 
grams, published in the July Health Care Financing 
Administration report,!? list 6 cardiologic diagnoses 
among the top 20 DRGs, accounting for nearly 2096 of 
the patients discharged from the hospitals under 
study, 
^ Thus, cardiology and cardiovascular surgery account 
‘for a significant share of the total escalating. cost of 
cardiovascular group is frequently very high, and the 
length of stay for patients undergoing either surgical or 
|nonsurgical treatment is frequently long, the total 
payment per patient is also very high. If, as reported in 
many hospitals, cardiovascular diagnoses represent 
nearly 2096 of the total discharged, then perhaps nearly 
25% of the total national medical expenditure is for 
| cardiovascular DRGs. This number is my estimate based 
jupon small sample sizes. Data for the entire 1984 pro- 
gram will soon be available, permitting analysis of the 
cardiovascular impact of cost containment in more 
detail. 
Three specific examples graphically illustrate the 
major costs for diagnosing and treating patients with 
| cardiovascular disease and highlight issues of cost 
; containment. They are coronary artery bypass surgery, 
‘acute myocardial infarction and treatment of postin- 
' farction patients with -blocking drugs, and each will 
be discussed. 


| Coronary Artery Bypass Surgery 


At present, coronary artery bypass surgery consumes 
more of the medical care dollar than any other single 


imedical care. Because the payment rate for DRGs in the. 
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TABLE! Cardiology and Cardiac Surgery Advances Since 


1985 
Coronary care units 
Coronary bypass surgery 


Coronary anglography 
Noninvasive diagnostic Imaging 
echo) 





Sophisticated pacemakers 

Percutaneous anglop 

Improved heart valves (prosthetic and tissue) 
Cardiac replacement (transplant and artiflclal hearts) 
New classes of cardiac drugs 


Vasodilators - 
Calclum-channel blockers 
A ythmics 


treatment or procedure.!* This operation, which by- 
passes obstructions in the arteries supplying blood tc 


. the heart muscle by utilizing a vein from the patient’s 


leg, makes sound phsyiologic sense. It has been exten- 
sively described in the popular press, praised by the 
medical profession and actively sought by many pa- 


tients with coronary artery disease (CAD). Yet in many 
" instances it is not clear that it is needed or improves 


health. In fact, although many studies documenting its 
effect on morbidity and mortality and giving clear in- 
dications for its application have been published in re- 
spected medical journals, they are frequently ignorec 
by physicians practicing cardiology and cardiovasculai 
surgery. Let us briefly review the history of this proce- 
dure and put it in perspective. | 

The bypass procedure was introduced in 1967, anc 
by 1969 was being performed in many major U.S 
medical centers. Early in its development a number oi 
scientists suggested carefully controlled studies to de- 
termine its safety and efficacy. Those requests were 
generally rejected by the profession; because of the 
publicity given this procedure it was considered un- 
warranted and unethical to randomize patients whc 
were certain to die without it. By 1970, 13,000 Ameri- 
cans a year underwent coronary bypass surgery, with £ 
surgical mortality rate of 4 to 8%. Because millions o! 
Americans were known to have CAD, programs in car- 
diology and cardiovascular surgery expanded rapidly 
to train physicians to diagnose patients and to perform 
these procedures, and by 1975 60,000 were performec 
each year. 

Randomized clinical studies have now been per- 
formed in the Veterans’ Administration Hospital sys- 
tem,1516 and by the National Heart, Lung, and Blood 
Institute (the CASS study).!? In addition, a number ol 
hospitals in Europe carried out cooperative trials tc 
identify which patients needed surgery and to study the 
subsequent outcome;!? they found that patients with 
left main CAD and patients with 3-vessel disease plus 

some diminution in left ventricular function could ex- 
pect to have their lives prolonged by the procedure. 
Relief of chest pain also occurred in a higher percentage 
of patients undergoing surgery than of patients treated 
with medical therapy. Meanwhile, there has been an 


TABLE il 
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Case-Mix Welghts and Mean Length of Stay for Surgical Cardiovascular 








Pii icis palates Groups (DRGs) © 
Geometric 
Mean 
DRG Relative Length of 
no. o Title Weight Stay 
103 - Heart transplant 0.0000 ` 0:0" 
104 Cardiac valve procedure with pump and cardiac 6.8527 20.9 
catheterization l 
105 Cardlac valve procedure with pump and without 6.2308 16.2 
cardiac catheterization 
106 Coronary bypass with cardiac catheterization 5.2624 20.4 
107 Coronary bypass without cardiac catheterization 3.9891 13.5 
108 Cardiothoracic procedure, except valve and coronary 4.3756 13.3 
bypass, with pump 
109 Cardiothoracic procedure without pump 3.6963 12.1 
110 Major reconstructive vascular procedures, age >65, 2.9328 14.3 
or comorbidity or complicating conditions l 
111 Major reconstructive vascular procedures, age <70, 2.5851 13.2 
without comorbidity or complicating conditions 
112 Vascular procedures except major reconstruction 2.3500 11.2 
113 Amputation for circulatory system disorders except 2.6800 21.6 
upper limb and toe 
114 Hees ine and toe amputation for circulatory system 2.1067 16.6 
115 Permanent cardiac pacemaker implant with acute 3.9150 15.8 
myocardial infarction or congestive heart failure 
116 Permanent cardiac pacemaker Implant without acute 2.8665 9.3 
myocardial infarction or congestive heart failure 
117 Cardiac pacemaker réplacement and revision except ` — 1.8210 6.4 
pulse generator replacement only 
118 Cardiac pacemaker pulse generator replacement only 1.7809 4.2 
119 Vein ligation and stripping , 1.0610 . 7.2 
120 Other operating room procaine i on the circulatory 2.5204 15.0 


system 
Data from reference 12. 


* DRG reimbursed only at Stanford Medical Center. 


explosive growth in bypass surgery in the U.S., with the 
estimated annual number of opérations reaching 
190,000 by 1983 and expected to exceed 200,000 in 
1984.14 (In contrast, in Britain and most European 
countries fewer than one-fourth of the patients with 


similar CAD underwent the procedure.) During this _ 


period the mortality rate fell to 1 to 2% for low-risk 
patients while remaining at 4 to 8% for higher-risk 
patients. However, by the standards of the 3 major 
cooperative trials carried out throughout the world, 
more than half of these patients did not need the 
operation./4 

The economic impact of this operation is great. In 


1970 its total cost, including surgical, cardiologic and 


anesthetic fees, was approximately $13,000. In 1984, 
when more than 200,000 operations were performed, 
total cost ranged from $25,000 to $40,000; professional 
fees for the surgeon ranged from $4,000 to $10,000, for 
the anesthesiologist they averaged $1,250 and for the 

cardiologist they averaged $1,000. Thus, coronary by- 
pass surgery in the U.S. alone cost more than $5 billion 
in 1984.14 (This does not include time lost from work for 
the patient and the cost of related outpatient services.) 
In 5 to 8% of patients the operation was clearly per- 
formed to prolong life because of left main CAD; in 1096, 
possibly to prolong life in patients with 3-vessel disease 
and decreased left ventricular function; and in 30%, to 
relieve symptoms not well controlled by medical ther- 
apy. The remaining 52 to 55% of operations were per- 
formed with no clear indications.!* 


Coronary artery bypass gurgery illustrates some im- 
portant aspects of the economics of medical care. First, 
fin operation making reasonable physiologic sense ex- 
panded rapidly; within 15 years it became the no. 1 
medical cost factor. Second, physicians frequently ig- 
nored results of carefully controlled clinical studies. No 
doubt most physicians believe the procedure saves 
lives—but would they perform it as often if the fee were 
markedly reduced? Careful evaluation of clinical trial ` 
results must be undertaken before launching into such 
costly therapeutic adventures as this. A well-planned 
clinical trial can frequently establish the correct use of 
a new form of therapy—and is almost always cost-ef- 
fective. Early clinical trials should probably be funded 
with health care monies as well as research-designated 
monies when launching such potentially costly new 
treatments. 


Acute Myocardial Infarction 
and the Coronary Care Unit 


Acute myocardial infarction (commonly called a 


- “heart attack") occurs in more than 1.5 million indi- 


viduals in the U.S. each year.!? Before the mid-1960s 
these patients were hospitalized on the general ward; 
they remained in bed for 3 weeks and in a mild ambu- 
latory state for 3 weeks more. Coronary care units were 


introduced in the mid-1960s, and by the mid-1970s were ' 


found in hospitals throughout the country. These units, 


. by monitoring the patient's heart rhythms and heart - 


functions over the first few days after myocardial in- 
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TABLE Ill Case-Mix Weights and Mean Length of Stay for Nonsurgical Cardiovascular 


Diagnosis Related Groups (DRGs) 





Geometric: 
Mean 
DRG Relative Length of 
no. Title Welght Stay 
121 Circulatory disorders with acute myocardial Infarctlon 1.8648 11.9 
and cardiovascular complications, patlent 
discharged alive 
122 Circulatory disorders-with acute myocardlal Infarction 1.3651 9.8 
^ without cardiovascular complications, patlent 
discharged alive f i 
123 Circulatory disorders with acute myocardial infarction, 1.1360 3.1 
patient died 
124 Circulatory disorders except acute myocardial 2.2200 8.4 
Infarction, with cardiac catheterization and complex 
diagnoses l , ; 
125 Circulatory disorders except myocardial infarction, 1.6455 5.0 
with cardiac catheterization without complex 
diagnoses 
126 Acute and subacute endocarditis 2.6645 18.4 
127 Heart failure and shock 1.0408 7.8 
128 Deep vein thrombophlebitis 0.8639 9.6 
: 129 Cardiac arrest 1.5506 4.6 
130 Peripheral vascular disorders, age >69, or 0.9645 7.1 
comorbidity or complicating conditions p 
131 Peripheral vascular disorders, age <70, without 0.9491 6.4 
comorbidity or complicating conditions 
132 Atherosclerosis, age >69, or comorbidity or 0.9182 6.7 
compllcating conditlons 
133 Atherosclerosis, age <70, without comorbidity or 0.8599 5.2 
complicating conditions 
134 Hypertension 0.7049 6.1 
| 135 Cardiac congenital and valvular disorders, age >69, or 0.9922 6.1 
comorbidity or complicating conditions 
136 Cardiac congenital and valvular disorders, age 18 to 0.9674 4.9 
69, without comorbidity or complicating conditions 
! 137 Cardiac congenital and valvular disorders, age 0 to 17 0.6381 5.3 
138 Cardiac arrhythmia and conduction disorders, age 0.9297 5.7 
>69, or comorbidity or complicating conditions 
139 Cardiac arrhythmia and conduction disorders, age 0.8303 4.8 
| <70, without comorbidity or complicating 
| conditions 
140 Angina pectoris 0.7548 5.5 
141 Syncope and collapse, age >69, or comorbidity or 0.6475 5.0 
complicating conditions 
142 Syncope and collapse, us. «70, without comorbidity 0.5680 " 5.8 
or complicating cond 
143 Chest paln 0.6814 4.4 
144 Other circulatory dia eee with comorbidity or 1.1867 7.0 
complicating conditions 
146 Other circulatory diagnoses without comorbkilty or ' 1.0020 6.4 


` complicating conditlons 


Data from reference 12. 


farction, decreased the national in- hospital death rate 
from myocardial infarction from approximately 30% to 
15%; health care planners consider them extremely 
effective. 

'The cost of installing such units and maintaining 
patients in them has soared. Hospitalization for acute 
myocardial infarction, including 3 to 5 days in the cor- 
ónary care unit, currently costs more than $12,000. Al- 
though patients now are hospitalized 7 to 10 days, rather 
than 6 weeks, the cost per day has risen more than 10- 
fold because of the intensive monitoring and para- 


medical personnel necessary. On the other hand, phy-. 


sicians can now easily detect patients with a high risk 
of major complications and keep them in the unit while 
transferring low-risk patients to the general ward early. 
Also, most patients who were employed return to work, 
and exercise testing has demonstrated that many are 
at low risk thereafter. Thus, these units have increased 


t 


the cost of acute myocardial infarction, but improved 
care, shortened the hospitalization and immobilization 
period and reduced rehabilitation time and expense. 
Even though the coronary care unit is cost-effective, 
stratification of patients might reduce the number ad- 
mitted and thus reduce costs significantly. 


Cost/Benofit Analysis of 
Postinfarction Timolol Trial 


Over the past 4 years several studies of 8 blockers 
given prophylactically to patients recovering from 
myocardial infarction have been reported. In general, 
there was a reduction in mortality and in recurrent 
myocardial infarction in all large-scale trials. To de- 
termine whether such treatment was cost-effective, the 
Pharmaceutical Manufacturing Association sponsored 
a cost/benefit analysis by Arthur D. Little.?° In this 
study the results of the timolol trial in Norway?! were 
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extrapolated to the population of the U.S., assuming 
that the same reductions in mortality and in subsequent 


" myocardial infarctions could be accomplished in pa- 


tients experiencing acute heart attack. Other assump- 


- tions included: 
1. Seventy percent entry of the 1.5 million patients 


experiencing myocardial infarction and 30% 
withdrawal for adverse effects over a 3-year pe- 
riod. 
2. Seventy-five percent patient compliance with the 
. dose schedule for timolol. 
3. All subsequent myocardial infarctions occurring 
- jn year 3, with a prehospital death rate of 35%. 
4, Estimated life expectancy for survivors of 75% in 
. . 5 years and 50% in 15 years. 
5. Survivors over 65 not returning to work. | 
6. Productivity for those working increasing by 2% 
annually. amr 
7. Discount rates of 2.5% and 10% to determine the 
cost/benefit ratio at present dollar values. 
.It was also assumed that B-blocker treatment and 
the study itself would.increase costs, but that reduced 


- hospital costs for patients without a subsequent myo- 


cardial infarction and increased productivity of those 
surviving because of the drug would far offset the initial 
increase. The total cost for acute myocardial infarc- 
tion—iricluding medical care and loss of productivity 
caused by premature death from subsequent myocardial 
infarction and assuming the 2.5% discount rate without 
B blockers—was $54 billion. With B-blocking drugs and 
reductions in mortality and recurrent infarctions 
identical to the timolol trial, the total cost was $51 bil- 
lion—a net benefit of $3 billion. The 8-blocker program 
was estimated to cost $220 million, providing a cost/ 


benefit ratio of 14:1 and a savings per patient of $7,500. 


Assuming a discount rate of 1096, on the other hand, the 
cost for myocardial infarction without B-blocking drugs 
was $33 billion, and $31.5 billion with 6-blocking drugs, 
giving a net benefit of $1.5 billion. With a program cost 
of $200 million; the cost/benefit ratio was 8:1 and the 
savings per patient $4,000.- 

These, of course, are model figures extrapolated from 


a small clinical trial to a different population group. 


However, they do show how cost/benefit can be calcu- 
lated for a cardiovascular diagnosis or treatment, and 
how it might be used by economists studying the impact 
of cost containment programs in cardiology. 


Diagnosis Related Group Payments 
and Cardiologic Cost Considerations 


Of the 20 highest DRG payments, 6 fall within the 
cardiologic group listed in Tables II and III. In many 
highly specialized referral centers such as Stanford 
University, 4 of the top 10 DRGs are cardiologically 


' based diagnoses. High-cost cardiologic procedures 


performed on the more than 1.5 million patients hos- 
pitalized with actual or suspected acute myocardial 
infarctions each year include approximately 450,000 
coronary angiograms, about 180,000 advanced pace- 


‘maker insertions and battery changes and more than 


200, 000 coronary sees operations.!92 The DRG 
payment system indicates that 25% of the total cost of 
medical care in the U.S. results from diagnosis and 
treatment of cardiovascular disease. l 

This high percentage occurs partly becauśe ap- 
proximately 50% of all deaths in the U.S. are due to 
cardiovascular disease. The increase in cardiovascular 
costs accompanies major changes in mortality and 
morbidity for heart disease in the last 2 decades. First, 
the age-adjusted cardiovascular death rate in the overall 
population has decreased by 33% since 1968, primarily 
from the reduction in strokes, myocardial infarction and 
heart failure. Longevity has also increased; the average 
age of death in women has risen from 72 to 78, and in 
men from 67 to 72.22 This is almost totally due to the 
reduced death rate for patients with cardiovascular 
disease. 

However, many physicians claim that the decrease 
in cardiovascular mortality resulted from changes in 
life-style rather than from improved diagnosis and 
treatment of heart disease. At one national meeting, the 
consensus was that medical care had indeed improved, 
particularly in treating so-called “risk factors” for cor- 
onary heart disease; namely, control of high blood 
pressure and decrease in cardiac arrhythmias with new 
drugs, and earlier and better treatment of patients with 


. acute myocardial infarction. Despite this, most changes 
— in mortality were in fact due to changes in life-style, 


guch as decreased smoking, diets lower in animal fat and 
cholesterol, increased exercise and weight loss. Thus, 
the reduction in cardiovascular mortality probably does 
not relate to the increased cost of CAD. This suggests 
that more effort should be made to prevent heart dis- 
ease. DRG cost containment will not improve health in 
patients with heart disease, but if an element of reim- 
bursement for prevention of disease were added, it could 
be cost-effective. 

In sümmary, cardiology, with its orientation to ad- 
vanced technology and its many new expensive diag- 
nostic and therapeutic techniques; is one of the most 
costly of medical disciplines. Because the average age 
in this country is increasing, a- higher percentage of 
patients are over 65 and have diseases of the cardio- 
vascular system. It is true that morbidity and mortality 
from cardiovascular disease have been reduced in the 
past 15 years despite the aging population, primarily by 
the nationwide adoption of more healthful habits. Still, 
considering the large number of patients with cardio- 
vascular disease and the high costs of technology-driven 
diagnostic tests, sophisticated medical and surgi- 
cal treatments, hospitalization and physician ser- 
vices, major efforts must be made to contain costs in 
cardiology. 
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l This report discusses the incentives that a payment 
. system based on diagnosis related groups (DRGs) 


imposes on hospitals and physicians and presents 
the author’s view of current trends with respect to 
the extension of DRG-based payment to areas of 


‘médical and institutional care beyond the acute 


general hospital. it examines the impact of pro- 
spective payment based on DRGs in New Jersey, a 

state with more than 4 years of experlence with this 
payment approach. In New Jersey, the system in- 


cludes all payors, not just Medicare, and as a result, © 


- responses to the system In the form of organizational 
change, modifications in the practice of medicine 


in October 1983 the Health Care Financing Adminis- 
tration of the Department of Health and Human Ser- 


vices instituted a system of payment that is revolu- - 


approach decisions regarding patient care. Called 


"prospective per case payment," the approach replaces 
. that in which a per diem payment was incorporated 


based on historical costs. The reasons for this radical 
change in approach, how it affects the finances of the 
hospital (and therefore why it leads to changes in the 


ways in which patient care is provided) and some ob- : 
- served responses on the part of the hospitals and phy- 
. sicians will be discussed. ` 


In April 1983, Congress passed the Social Security 


Amendments of 1983 (Public Law 98-21). In addition 
‘to changing several other aspects of the Social Security 
` and Medicare programs, this law required that begin- 


ning in October 1983 (and thereafter coinciding with the 


paying for inpatient hospital cate received by Medicare 


‘Address for. reprints: J. Joe May, Jacobe Creek Road, Titusville, New 


sas 08560. 


tionizing the ways in which physicians and hospitals . 


. hospitals. 


and hospital/physiclan interactions have been un- 
usually visible and marked. The report also exam- 
Ines some of the changes that have occurred and 
are occurring In the way medical records are kept, 


‘the’ internal strictures placed on physicians. by | 


hospitals and other factors which relate to the ob- 
served trends. Empirical data on changes in length 
of stay, number. of admissions, and so forth, are 
presented and prellminary explanations of the. 
changes are offered, relating them to both payment 
rates and to organizational strategies on the part of 
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- patients would be changed. Since its inception in 1965, . 
_the Medicare program had reimbursed hospitals based 


on a formula that incorporated historical costs (as re- 
ported by the hospital) and that paid the hospital a 
predetermined amount for each day a Medicare patient 


‘spent in the hospital. Although hospitals have argued - 


that the amount paid did not cover the full costs of. 
caring for those patients, the formula did provide for 
higher payments to higher cost hospitals (whether or 


-not the higher costs were justified by the hospitals case 


load) and did allow for increases commensurate with the 

rapidly inflating hospital costs over the years. 
Beginning in 1976, New Jersey, under a contract with: 

the Health Care Financing Administration, began ex-. 


'périmenting with a payment system very much like that 


chosen for reimbursing hospitals for caring for Medicare 


- patients. Since 1980, hospitals in New Jersey have been 


- paid on the basis of prospectively set prices specific to 


' various categories of illnesses. Further, this payment . 


system applies. to all payors, not just Medicare. Al- 
though the New Jersey system is not identical to the 
federal system, it is sufficiently similar that lessons « can: ` 
be learned from it and. applied Spana: 


tee 
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Medicare Payment System . 

- Faced with rapid cost inflation and the predicted 
bankruptcy of the Medicare Trust Fund by the 1990s, 
Congress acted to reform the payment system. The goals 
were: (1) to relate the prices paid for caring for illnesses 
to the actual costs on an illness-specific basis; (2) to 
reward efficient hospitals and penalize inefficient ones; 
and (3) to encourage the involvement of key medical 
decision-makers (the physicians) in decisions regarding 
tosts and resource allocation. 
^ To accomplish the first goal, a set of categories rep- 
resenting types of illnesses was developed. These di- 
agnosis related groups (DRGs) purport to be statisti- 
cally stable (in the sense that each group contains within 
it patients who are very like one another with respect 

resource consumption as measured by length of stay) 

d medically meaningful (in the sense that the physi- 
clans who participated in the development of the system 
viewed the resultant groups as consisting of ey 
similar patients). 

The approach taken in forming the groups was first 

combine conditions (as identified by the Interna- 


tional Classification of Diseases Version 9-CM) into. 


Medical. Diagnostic Categories typically representing 
body systems. For example, Medical Diagnostic Cate- 
gory 05 is Diseases and Disorders of the Circulatory 
System. This category (and, similarly, all others) is then 
broken down into individual DRGs by applying a 
tatistical analysis program that forms subgroups 
om larger groups by identifying members of the larger 
group that, when combined, form a new group that has a 
small variance around a common mean (statistical 
stability). 
| The characteristics on which the groupings are based 
include, in addition to primary diagnosis, whether or not 
a surgical procedure was performed, the secondary 
diagnoses (if any), the patient’s age and discharge sta- 
tus. Examples of some of the DRGs relevant to the 
cardiologist (to be examined later) include: 

DRG 115—Permanent Cardiac Pacemaker Implant 
with Acute Myocardial Infarction (AMI) or Congestive 
‘Heart Failure (CHF); DRG 116—Permanent Cardiac 
‘Pacemaker Implant without AMI or CHF; DRG 
117—Pacemaker Replacement and/or Revision without 
Pulse Generator; DRG 118—Pacemaker Replacement 
and/or Revision with Pulse Generator; DRG 121— 
Circulatory Disorder with AMI Discharged Alive with 
Cardiovascular Complications; DRG 122—Circulatory 
Disorder with AMI Discharged Alive without Cardio- 


vascular Complications; DRG 123—Circulatory Dis-. 


order with AMI Discharged Dead; DRG 138—Ar- 
rhythmia and/or Conductive Disorders with Age 70 and 
One or More Clinically Related ‘Secondary Diagnoses 
Treated during the Stay; and DRG 139—Arrhythmia 
a Conductive Disorders with Age less than 70. 

' As can readily be seen from this list, not all the 
‘grouping characteristics are used in the formation of 
every DRG. 


As a result of this process, 467 groups were identified . 


‘and form the basis for payment under the new system. 
A price is associated with each of the 467 groups. Some 


. lying these incentiveg/afid/hiow W hospi 
respond will be discussed; i 


of the groups are obviously more expensive than others 
and, as a result, carry a higher price tag. Medicare will 
pay the hospital the predetermined price for each ad- 

mission that falls into that category regardless of what 
it costs the hospital to care for that patient. The hos- 

pital's total reimbursement, therefore, is a function ol 
how complex the case mix is. Hospitals with many 
complicated (and therefore high-cost) cases will receive 
larger total revenues than a hospital with the same 
number of cases or patient days but with a less com- 
plicated case mix. 

The second of the 3 goals, rewarding efficient hospi- 
tals and penalizing inefficient ones, is accomplished 
through this payment process. Assume 2 hospitals witk 
identical case mix. Further assume that one of them has 
a longer average length of stay and treats patients more 
extensively (as well as intensively), resulting in higher 
costs per case. Since the case mix is identical, the total 
revenues will be also. As a result, the hospital with the 
higher costs will lose money (be penalized) relative tc 
the one with the lower costs. This process assumes that 
high-cost hospitals are inherently inefficient and thai 
low-cost hospitals are inherently efficient. 

During the first year of operation of the system, the 
payment to the hospital is computed 7596 on the basis 
of the hospital actual costs 2 years previously (adjusted 


. for inflation) and 25% on the basis of the average cost 


of caring for the kind of case involved in the region ol 
the country in which the hospital is located. (There are 
adjustments made for rural/urban and labor cost dif. 
ferences as well.) Thus, at first, the hospital is at very 


. little risk because most of the payment that it receiver 


is determined by its own cost experience. However, tht 
formula changes year by year: 

Second year: 50% hospital's own costs, 25% average 
costs in the region and 25% average costs nationwide. 

Third year: 25% hospital’s own costs, 37.5% average 
costs in the region and 37.5% average costs nation- 
wide. 

Fourth and subsequent years: 100% average costs 
nationwide. 

This method of payment results in very different 
incentives for hospitals than were present under cost: 
based reimbursement and, not incidentally, significant 
changes in the content of the medical care rendered as 
well as the patient mix. 

Turning now to the third goal stated earlier, i.e., in- 
volving the physicians in decisions related to costs and 
resource allocations, it follows that if a hospital is to 
continue to thrive, grow and serve its community, it 
must work with the members of its medical staff tc 
achieve the economies necessary to maintain profit- 
ability. The reason is that those economies can only be 


realized through changing the ways in which patients 


are treated. The system, working through the hospital, 
requires physicians to become more cost-conscious, 
more frugal in the use of ancillary services and more 
aware of and willing to use.alternatives to traditional 
inpatient care. In the ne s sdcticwwt i 
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incentives Under Retrospective Per Diem Relmbursement and Prospective Per 








TABLE | 
Case Pricing 
(B) (C) 
Retrospective , Prospective 
Per Diem Per Case 
(A) Reimbursement Pricing* 
Patient care vartables 
Cases treated + 
Length of stay F — 
intensity of service + — 
Management varlables l 
. Scope of services offered + ? 
Cost of hospital supplles and labor T — 
Efficlency of operation = T 
Medical record information variables 
Completeness ? + 
Accuracy ? + 


1976. 


The New Incentives 
Table I highlights how some of the incentives facing 
hospitals have changed and are changing under pro- 
spective per-case DRG payment. Column A is a list of 


the dimensions of hospital behavior. Column B is a list - 


of the direction of the incentives with retrospective, 
cost-based reimbursement to hospitals. Under this 
system, the more the hospital spent, the greater its 
revenues. No "discipline of the marketplace" existed 
under this system and hospitals were encouraged by the 


. payment system to expand their range of services, invest 


in any new technology that had promise of improving 
patient care and send signals to their medical staffs that 
the more they do for patients, the better. 


Column C is a list of the new incentives that result. . 


from the imposition of a prospective per-case DRG- 


based payment system. Almost all of the incentives are . 
- reversed. It is this revesal that is causing so much up- 


heaval in the hospital industry and that creates an en- 
vironment in which the content of medical practice is 
so fundamentally changed. The incentives are discussed 
individually herein. 

Patient care variables: Cases treated: Under both 
approaches, the hospital has an incentive to treat as 
many cases as possible. Previously, the goal was simply 
to maximize hospital census (keep the beds as full as 
possible). Under the new system, while the direction of 
the incentive remains the same, the underlying reason 


has changed. Recall that the basis of payment in the new’ 


system is the case. Thus, the more cases treated, the 
more payments the hospital receives. 

Length of stay: Here the first significant difference 
between the 2 approaches emerges. Under the former 
system, one way of keeping the beds full was to keep 
patients a few days longer. Because the unit of payment 
was the patient day, a few days longer stay increased the 


- revenues to the hospital. And since the latter days of a 


stay are typically low-cost days (because the patient is 
likely to be treated much less intensively during the last 


days of a stay than during the first days), the net income 


realized by the hospital for those extra MUS Was 
significant. 


* Adapted from Dowling W. Prospective Rate Setting: Concept and Practice. Top Health Care pasan 


Under the current system, however, the hospital re- 
ceives a fixed amount (based on the DRG to which the 
patient is assigned) for the case regardless of length of 
stay. And even the last few days of hospitalization have 
some cost associated with them (if only those for nursing 
surveillance, food and laundry). The hospital will want 
to avoid these extra costa if possible and will encourage 
discharge of the patient at the earliest date possible in 
order to do so. 

Intensity of service: By a similar argument, the in- 
centive to do more for a patient during the stay under 
the previous reimbursement system changes under the 
current one to an incentive to do less. With cost-based 
reimbursement, the hospital received higher revenues 
if the costs of caring for patients were higher. ‘The more 
ancillary services provided in the form of laboratory 
tests, radiology procedures and so on, the higher the cost 
per case and the higher the reimbursement based on 
those costs. : 

With a prospectively set price per case, the higher the 
cost of caring for a patient, the less likely it is that the 


hospital will break even or make a profit on the case. 


Because some patients, owing to their medical condi- 
tions, will require large amounts of care and will thus 
cause large, unavoidable monetary losses for the hos- 
pital, the incentive is to reduce the quantity of care 
rendered to other patients whenever it is medically 
feasible to do so. 

Many hospitals have established a practice known as 
“Economic Grand Rounds,” during which the case being 
presented is reviewed not only with respect to the ap- 
propriateness of the care rendered, but also with respect 
to the economic justification for it. When evidence of 
unnecessary or duplicative tests is found, for example, 
the fact is pointed out to the attending physician, who 
is asked to justify performing them. 

In a recent study of physicians’ perceptions con- 
cerning unnecessary and duplicative diagnostic testing,! 
community internists and hospital-based faculty in- 
ternists were found to have markedly different ideas as 
to why such testing occurred. Both groups agreed that 
habit and pressure from others (consultants, referring 
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physicians, and so on) ranked high among the reasons. 
But whereas the faculty internists considered inexpe- 
rience, reliance upon laboratory results rather than 
clinical judgment and compulsion to document or ex- 
plain all abnormalities as among the top 5 causes, the 
community internists ranked routine screening, lack of 
confidence in clinical findings, and concern about pos- 
sible malpractice as among the top 5 causes. These 
differences in perception about the underlying causes 
of unnecessary or duplicative testing are the source of 
much disagreement and friction when questions about 
just what is “unnecessary” arise. 

The net result of these changes with respect to the 
incentives involved in the patient care variables, then, 
is to lead to a situation in which doing less for the pa- 
Re (when medically feasible) is better than doing as 
much as possible (as was the case in the past). One 
would expect to see shorter average lengths of stay on 
a DRG-specific basis and also to observe fewer tests and 
procedures being performed. 

One (perverse) exception to this results from the fact 
that surgically treated conditions typically carry higher 
price tags for the hospital than do medically treated 
conditions. For example, DRG 122 (Circulatory Disor- 
der with AMI Discharged Alive without Cardiovascular 
Complications) carries a national average price tag in 

the Medicare payment system of $4,023. A patient with 
'asimilar condition who undergoes catheterization and 
coronary bypass surgery (ORG 106) would bring the 
hospital a payment of $15,041. The payment for inser- 
tion of a pacemaker (DRG 116) is more than 3 times as 
high as that for medical treatment of a patient hospi- 
talized for arrhythmias (DRG 139) and not provided 
with a pacemaker.? 

Another anomaly that could well result from the 
changed incentives is what may be called "serial treat- 
ment." Because the basis for a payment to the hospital 
is the case and because the price is the same regardless 


of the quantity of treatment rendered, in a situation in 


which the patient has a number of clinically unrelated 
conditions present simultaneously, the hospital can 
maximize its revenues by treating the conditions one at 
a time over a series of separate admissions. Utilization 
and Quality Ássurance Peer Review Organizations 
(PROSs), which review the necessity of each admission 
and the appropriateness of care rendered, have been 
mandated by the Health Care Financing Administra- 
tion to prevent this from occurring. 


| The reduction in the quantity of care rendered to . 


patients (both as the result of shorter lengths of stay and 

i the push to reduce the quantity of ancillary tests and 

| procedures) is often believed to result in a reduction in 
the quality of care. Whether or not this is true cannot 
be known with certainty both because the adjustment 
to the new incentives is slow and the results thereof 
cannot yet be measured and also because objective 
measures of quality do not exist. However, in New Jer- 
sey, except for an early flurry of incendiary news stories 
about patients dying just days after a too-early 
discharge, there exists no evidence that quality has 
suffered. 


Management variables: Scope of services offered. 
Since the 1950s, the mission of the typical community 
hospital has been assumed to be that of serving at the 
center of the community's health care delivery system. 
Further, there have frequently been pressures even or 
small hospitals to expand services to include those 
usually available only at large teaching hospitals. For 
example, in 1983, almost 60% of community hospitals 
with 100 beds or more were performing cardiac cathe- 
terization, and almost as many were equipped fo: 
open-heart surgery.? 

Under cost-based reimbursement, this was a rela- 
tively simple mission to accomplish. As long as the nev 
service was included in the per diem cost computatior 
formula and the hospital could get a certificate of neec 
(if required), it could add it to its already existing scope 
of services with impunity, knowing that the additiona 
costs incurred as a result of providing it would be cov- 
ered in the reimbursement. 

Prospective per-case reimbursement brings a sig- 
nificant change to this process. Under the new syster 
of reimbursement, the hospital can discern which of its 
existing activities is “profitable” and which is not; foi 
which services there exists a sufficient demand to make 
it worthwhile to provide them; and for which services 
there is no real need. More important, the hospital car 
make similar judgments about proposed new services 
Will the new service be one that will result in enougt 
patients at a high enough prospectively set price tc 
justify the costs of embarking on it? Unless the answei 
is yes, the hospital would be ill-advised to undertake 
it. 

Under prospective payment, hospitals will no longei 
strive to be all things to all people. In fact, they may try 
to carve out a niche in which they can perform well anc 
try to avoid admitting patients with conditions or ill- 
nesses on which they routinely lose money. This eco- 
nomics-driven specialization could have a positive result 
in that patients would gravitate toward or be referrec 
to institutions that are best able to care for them; but 
it could also result in care for some conditions being 
unavailable in a convenient way to the patient. It alsc 
has implications for physicians in that hospitals, in 
making staff appointments, will want to give preference 
to physicians whose specialties attract patients ir 
profitable DRGs and try to avoid offering staff mem- 
bership to physicians in specialties in which the hospita 
routinely loses money. 

Cost of hospital supplies and labor: Just as hospital: 
will be concerned about the economic implications ol 
new services and new technologies, so also will they be 
concerned about the costs of producing the existing 
services. In the past, costs of labor, supplies and minor 
equipment could simply be “passed on" to the payors 
through cost-reimbursement. As a result, demands for 
higher wages on the part of nurses and others, while 
resisted, did not represent any real economic threat tc 
the hospital because the increased costs resulting from 
those higher wages would ultimately be recaptured in 
revenues. Similarly, redundant or duplicative inven- 
tories of sutures, disposable linen and so on were fre- 
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quently maintained disi for the purpose of catering 
to the preferences of particular physicians. Materiel and 
personnel management served the purpose of énsuring 
good patient caré through availability of the supplies 
and people deemed necessary to provide that care al- 
most regardless of the cost. 

Under prospective reimbursement, this situation will 
change drastically. Given the fixed, predetermined 
price, hospitals will strive to minimize the costs of pro- 
ducing the necessary care by limiting wage increases as 
much as possible and installing strict controls on pur- 
chasing and materiels management. 

Efficiency of. operation: 'The sum total of these 
management efforts driven by.the new incentives will 
be to bring, perhaps for the first time, a deep concern 
for efficiency of operation of the institution. It should 
not be surprising that hospitals have not been greatly 
concerned with achieving efficiency in their operations. 
A truly efficient hospital, under cost-based reim- 
bursement, would be penalizing itself in terms of rëve- 
nue flow because its lower costs per unit would be re- 
flected in lower revenues. Further, because under the 
former reimbursement system revenues were based on 
costs, the hospital could not improve its “bottom line" 
asa result of its search for efficiency because as costs 
fell, so did revenues. 


Under prospective payment, however, the hospital . 


becomes motivated to achieve efficiencies of operation. 
Because the prices it will receive are set in advance, it 
can be sure that if it can reduce its cost per case, it will 
improve its net. income per case—either eliminating 


previous losses or improving future profits. Thus, for 


the first time, the hospital will have a strong reason to 
attempt to achieve efficiency of operation. This quest 
will take the form of attempting to reduce costs of each 
of the services rendered to patients, of reducing the 
quantity of services rendered and of reducing the length 
of time it takes to render the patient “dischargeable.” 

All of these changes in the incentives related to the 
variables associated with the management of the hos- 
pital will directly affect the physicians on the medical 
staff. They will find that the discussions surrounding 
the acquisition of new capital equipment will take on 
a very different tone. No longer will the acid tests be, 
“Will it improve patient care?” and “Will it be covered 
in the reimbursement?” Instead, questions of rate of 
return on investment and relation to profitability will 


' be factors. One hopes that these dimensions of deci- 


sion-making will be included along with the previous 
dimensions of need and service rather than supplanting 
them. 

As indicated above, the decisions regarding creden- 
tials and privileges will also take on a different charac- 
ter. Simply because a physician is qualified to perform 
a certain procedure or to serve on the staff will not be 
sufficient reason to appoint him or her or to extend the 
privileges. The trustees of the hospitals will have to 
consider the economic implications of the physician’s 
membetship on the staff as well. This has already oc- 
curred in a New Jersey hospital and the courts have 


. upheld the Bonitas in its decision.* 


The hospital cannot achieve efficiency of operation 
without the full cooperation and help of the medical 
staff. It has long been recognized that the physician 
controls the bulk of the resources used in treating pa- 
tients in the hospital. Only a physician can admit a pa- 
tient, thus giving the patient access to those resources. 
All that is done to and for the patient while in the hos- 
pital is done solely on the order of the attending phy- 
sician; nothing can be done without such an order and, 
all such orders must be carried out. Finally, only the 
physician can issue the decision to discharge the patient, 
thus removing him or her from a position of access to 
hospital resources. 

Why should or would the medical staff or its indi- 
vidual members be concerned about, much less get ac- 
tively involved in, improving hospital efficiency, par- 
ticularly when it may mean that their, patients may 
receive less care as a result? The answer lies in the 
relation between the hospital and the physician in the 
larger picture of the provision of health care. Neither 
can do it alone. The hospital represents a vital resource 
to the physician in the care of patients, and without the 
hospital, the physician is helpless in a very large number 
of cases. If the physician fails to cooperate in the search 
for efficiencies, the hospital is bound to suffer. 

Tt has been estimated that as many as 1,000 hospitals, 
or 20% of all the nation’s community hospitals, may be 
forced to close over the next 15 years, at least partly as 
a result of the “racheting down” of the payments to 
hospitals under prospective payment. Physicians de- 
pendent upon one of those 1,000 hospitals for privileges 
will undoubtedly suffer along with their patients and 
their communities should the hospital fail. Thus, it is 
incumbent upon each physician to support the hospital 
in its efforts to become and remain efficient. 

To help them to do this, many hospitals have devel- 
oped new mangement information systems that allow 
them to track revenues and costs by DRG on a physi- 
cian-specific basis. This provides both the hospital and 
the medical staff leadership with the information they 
need to monitor the performance of the individual 


‘physicians (the group of persons that produces the 


“product” of the hospital and determines the final cost 
of that product). At least 1 New Jersey hospital has 
begun to produce, on a monthly basis, a physician- 
specific profit and loss statement; that is, each physician 
on the staff receives a report on the number of patients 
he or she has treated in each DRG, the cost incurred in 
treating these patients, the amount of reimbursement 
received for each and the net gain or loss experienced 
by the hospital during the month as a result. A summary 
of these reports is provided to the chief of staff and the 
chiefs of each of the clinical services. The purpose of this 
information system is not to “smoke out the bad guys,” 
but rather to allow identification of potential problems 
and to provide the information needed to discuss and 
explore them, attempting to head off problems before 
they can occur. 

Medical record information variables: Com- 
pleteness of the medical récord: Traditionally, médical 
records have not played an important role in the man- 
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agement of the hospital or, frequently, in the manage- 
ment of patient care. However, under prospective 
case-based reimbursement, the medical record becomes 
crucial. Payment for the case is based on the principal 
diagnosis (the reason for admission as confirmed, after 
study and after discharge) as well as on the presence or 
absence of certain secondary diagnoses and procedures. 
If any of the secondary diagnoses is listed incorrectly or 
omitted, reimbursement will be adversely affected. 

_ Consider a situation in which a physician treats pa- 
tients rather lavishly, frequently ordering confirmatory 
‘tests and liberally using standing orders, thus producing 
“high-cost” cases, while at the same time failing to in- 
clude on the face sheet of the chart relevant secondary 
diagnoses that were, in fact, present. Another physician 
treats the patient in a very conservative fashion, re- 
sulting in “low-cost” cases, and at the same time is an 
assiduous charter, carefully recording all secondary 
diagnoses noted and treated during the stay on the 
chart’s face sheet. When the prices are set under the 
prospective pricing system, the hospital will be amazed 
to observe that the uncomplicated versions of the DRG 
in question carries a higher price tag than the compli- 
cated versions, a statistical artifact arising solely from 


the fact that the former physician’s records were in- | 


completely kept. 

A criticism frequently levied against the DRG system 
is that it fails sufficiently to take into account the 
varying degree of complexity of individual cases. This 
may very well be a result of incomplete coding of sec- 
ondary diagnoses during the period (approximately 
1979 to 1980) from which the data on which the DRG 
classification system is based came. 

Accuracy of the medical record: There are 2 dimen- 
sions of importance with respect to accuracy of the 
medical record as it relates to prospective case-based 
payment: the order in which the diagnoses are listed and 
the choice between 2 competing principal diagnoses. 

The order in which the diagnoses are listed is im- 
portant because the first one (the principal diagnosis) 
is fundamental in determining which DRG the patient 
falls into and therefore the payment which the hospital 
will receive for the patient. Because diagnoses are or- 
dinarily entered into the chart as they are discerned 
(chronologically), a symptom is often listed first and its 
underlying cause listed later in the record. The under- 
lying cause is the reason for admission to the hospital 
and should be recorded as the principal diagnosis for 
DRG assignment purposes. Hence, diagnoses must be 
entered onto the face sheet of the chart in etiologic 
(rathet than chronologic) order. 
| Further, certain diagnoses often appear together (for 
example, cirrhosis of the liver and alcoholism), and it 
is not possible to state unambiguously which was the 
reason for admission. In this situation, the hospital must 
ensure that the member of the pair that carries the 
higher reimbursement rate is listed as the prin- 
cipal diagnosis in order to ensure the appropriate 
reimbursement. 

When one considers how carefully hospitals moni- 
tored the data necessary to create a patient bill in the 


past, and realizes that under the new reimbursement 
system, the medical record is the bill, the reasons behind 
this increased concern with and attention to the medical 
record become clear. 

In a widely quoted article,5 D.W. Simborg coined the 
phrase “DRG creep” to describe the process by which 
hospitals gradually inflate their case-mix complexity 
in order to achieve higher reimbursement. He implied 
that such behavior bordered on fraud of the federal 
government. 

In the 4 years during which New Jersey has func- 
tioned under the DRG system, the measured complexity 
of the case mix of patients treated by its hospitals has, 
indeed, increased. However, by contrasting the previous, 
rather casual, approach to the maintenance of the rec- 
ord with the new concern for its completeness and ac- 
curacy, one may reasonably conclude that the observed 
increase in the measured complexity is much more the 
result of better and more accurate records than it is of 
fraud or duplicity on the part of hospitals. 

The implication of all of this for practicing physicians 
lies in the fact that they, through their medical record 
keeping behavior, are directly involved in determining 
how much revenue the hospital will receive as well as 
how much cost is incurred in earning that revenue. Even 
simple misspellings can cost the hospital large sums of 
money. For example, à diagnosis of calculus of the ureter 
with a ureterotomy results in DRG 305 and carries a 
paynient rate of $5,346. If the procedure is listed instead 
as urethrotomy the DRG is 313 and the payment is only 
$2,164.8 

Physicians can expect to be questioned more often 
as to the accuracy and completeness of their diagnoses; 
they can expect far greater pressures to complete the 
record in a timely fashion; and they can expect stricter 
enforcement of the sanctions associated with late 
completion of face sheets and postoperative reports. 

In sum, then, the new prospective per-case payment 
system based on DRGs has almost completely reversed 
the incentives facing the hospital and, as a result, has 
wrought fundamental changes in how hospital managers 
think about the role, the function and even the future 
of their institutions. Along with this change in hospital 
management have come new expectations and new roles 
for physicians. 

The physician, always a central factor in the provision 
of hospital-based patient care, now becomes a vital link 
in the operation, the profitability and even the survival 
of the hospital. In addition to being a major factor in 
determining how much was spent in the care of a pa- 
tient, the physician now assumes, in addition, a central 
role in determining how much the hospital is paid for 
that care. Hospitals can be counted on to pay much 
closer attention to the way patient care is rendered and 
to monitor much more closely the clinical performance 
of physicians in order to ensure that care is rendered 
efficiently as well as effectively. 


The New Jersey Experience 


In 1975, the Department of Health of the state of New 
Jersey was charged with developing a cost-control sys- 
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tem that would set prospective per diem rates for all 


. Blue Cross and Medicaid patients. The initial approach 
. was to review hospital budgets by cost center for their 
reasonableness and to establish a per diem rate based 
on those.costs. 

The then Commissioner of Health, Joanne Finley, 
had worked with a group at Yale University, where the 
DRG classification system was developed. Although the 
approach had been meant to be applied to utilization 
review, Dr. Finley saw a possibility of using it for pay- 
ment purposes and, in 1976, the Department of Health 
received a contract from the Health Care Financing 
Administration to fund a program to set hospital pay- 
ments on the basis of case mix. 

Although in its initial phases the experiment faltered 
as a result of disputes between the Department and 
both hospitals and third-party payors, by 1980 the 
payment approach had become a fact. In 1978, the state 
legislature had passed a law mandating that a new 
payment system be imposed for acute hospital care, 
. applying to all payors and requiring that the payments 
be sufficient to ensure solvency for hospitals that were 
operated effectively and efficiently. 

The response of the Department of Health to this 
mandate was to negotiate with the hospitals and 
third-party payors a series of “financial elements," or 
components of the rates. Among them was a guarantee 
that the cost of all care provided by the hospitals to 
persons unable to pay for it (uncompensated care) 
would be passsed on through the rates to the other 
payors. There were also provisions for ^working cash 
infusions" for cash-poor hospitals to enable them to 
compete successfully and “capital facilities allowances" 
to ensure that funds would be available to replace ex- 
` isting capital assets at the end of their useful life. In 
addition, provision was made to include in the rates all 
of the start-up costs incurred by the hospitals. 

With respect to these financial elements and the fact 
that all payors are involved, the New Jersey system 
differs from the Medicare system of payment. Another 
difference lies in how the rates are set. As described 
previously, the Medicare approach is to blend hospi- 
tal-specific, regional average and national average costs 
in fixed proportions, with the national average portion 
increasing over time. The New Jersey system sets its 
rates by combining the hospital's actual costs with the 
‘statewide average costs for that type of hospital (major 
teaching, minor teaching and nonteaching) in a pro- 
portion based on the standard deviation of the length 
of stay for each DRG. In other words, for DRGs in which 
there is little variation in length of stay across the state 


(e.g., normal delivery), a large fraction of the state av- : 


erage is combined with a small fraction of the hospital's 
actual to determine the rate. For DRGs in which there 
are wide variations in the length of stay (e.g., many 
psychiatric conditions), the reverse is true. 

The hospital-based portion of the rates is determined 
by allocating nonphysician direct patient-care costs to 


each DRG, then adding in the costs associated with ` 


hospital-based physicians. The hospital then applies to 
_ this “direct-care cost rate" a mark-up factor (averaging 


1.6 statewide) to reflect indirect and capital-related 
costs as well as the financial elements just discussed. 
After each year’s payments, a reconciliation is per-. 
formed to ascertain that the payments were neither too 
high nor too low. 

Despite the differences between New Jersey’s ap- 
proach and that used by Medicare, much can be learned 
by examining the 4 years of experience that New Jersey 
has had with the system. In 1980 26 hospitals entered 
the system, followed by 40 more in 1981 and all the re-. 
maining acute-care general hospitals in the state in 
1982. Much of the evidence presented herein on the : 
impact of the system upon hospitals is garnered from 
a 5-year study begun in 1979 by the Health Research 
and Educational Trust of New J ersey.! 

The major impacts can be summarized as follows: 


* The quality and type of information collected by hospi- 
tals has expanded, allowing the development of sophisticated 
management information systems. 

* The clinical data collected is considerably more accurate 
than that previously available, but it takes longer to produce. 
The number of incomplete fact sheets dropped from 22.896 to 
15.896, but it required 5.3 days to complete the abstracting 
process, compared with 4.5 days previously. 

« Management and decision-making in DRG hospitals is 
much more decentralized than was the case with the former 
system. Individual hospital departments must carry out more 
specialized and complex functions. This has led to the hiring 
of more highly skilled personnel. 

* The medical records department has increased in im- 
portance relative to other hospital departments because of its 
crucial role in determining reimbursement levels. 

* The role of the medical staff and individual physicians 
in hospital decision-making has increased. The hospitals 
studied had more physicians employed as medical directors 
and directors of quality assurance. In addition, both the 
number of medical staff committees and the frequency with 
which they met increased. - 

e Under DRG-based payment, the focus of management 
shifts from concern with the costs of inputs to a concern with 
the ultimate costs of outputs: the discharged patients. Man- 
agement assumes a *product-line orientation," viewing each 
of the clinical services in the hospital as producing a group of 
"products" on which the hospital may make or lose money, 
depending on the efficiency with which they are produced. 

e It cost the New Jersey hospitals an average of $91,092 in 


“start-up costs to prepare for the system, primarily in the form 


of additional staff and upgraded data systems. 

« Primarily as a result of the “financial elements” described 
above, the 26 hospitals that entered the system in 1980 re- 
ceived an average of $2.3 million more iri reimbursement than 
they would have under the previous system. This does not 
appear to have been true for hospitals joining the system in 
subsequent years.  . 

* The fraction of hospitals with losses from operations and 
with net losses decreased dramatically as they joined the 
system. 

« There was no measurable decrease in the rate of cost in- 
crease for the hospitals that could be attributed to the reim- 
bursement system. 


These findings indicate T the major changes have 
occurred in how hospitals are organized and function 
on a day-to-day basis and in how hospital managers view | 
their own problems. Broader changes in hospital fi- 





“August 23, 1985 “THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 231 


nancial performance do not occur immediately. How- 
ever, the changes taking place internally will probably 
result i in observable changes at the macro level. 

. Nevertheless, some changes are taking place imme- 
diately and are directly relevant to cardiologists. As a 
frame of reference for the ensuing discussion, Table II 
is a list of the standard (statewide average) direct pa- 
tient care rates for 8 DRGs of interest to cardiologists. 
Tti is assumed for the purpose of this analysis that the 
higher the rate available to the hospital, the more op- 
portunity the hospital has to earn a profit on the ad- 
missions involved. The rates presented are those used 
for payments for admissions occurring during 1983 and 

e data are limited to the 26 hospitals that joined the 

ystem in 1980 to ensure a sufficient time period for 
esponses to take place. 

Although the various E E of hospitals by 
teaching status have specific definitions in the New 
J ersey payment system, for the present purposes it is 
sufficient to think of major teaching hospitals as those 
that have extensive residency programs and also med- 
ical school affiliation; minor teaching hospitals as those 


with a much smaller set of residency programs and no. 


medical school affiliation; and nonteaching hospitals 
'as those with neither residencies or affiliations. Seven 
major teaching, 6 minor teaching and 13 nonteaching 
hospitals are included in this analysis. DRG 123 does 
not carry a rate in New Jersey because when a patient 
is discharged dead in that system, the case is treated as 
outlier for payment purposes and no rate is set. It is 
therefore omitted from the analysis. 
| In 3 of the 8 DRGs (115, 116 and 117), the minor 
teaching hospitals had a higher direct patient-care rate 
than the major teaching hospitals, and in all cases the 
minor teaching hospital rates were higher than those for 
the nonteaching hospitals (Table II). We shall make 
further reference to these rates as we analyze patterns 
of change in admissions and length of stay for these 
DRGs. ` 
Table III shows the number of admissions and the 
percentage of total admissions for each of the 8 DRGs 
by teaching category and for the years 1980 through 
1983. From the data presented one can discern patterns 
of change in market share related to reimbursement. For 
example, in DRG 116 (Permanent Cardiac Pacemaker 
Implant without AMI or CHF), the minor teaching 
hospitals, with an average direct patient care rate of 
$6, 323, the highest of the 3 categories, increased their 
market share from 22.1% to 23.5%, while the non- 
teaching hospitals, with the lowest rate ($4,945), de- 
creased their market share from 35.9% to 33.4%. The 
same pattern (decreasing market share associated with 
ow reimbursement) holds for all the DRGs except 117 
and 121. 

Earlier in this report, based on national figures, it was 
pointed out that hospitals would benefit economically 
if patients could be assigned to DRG 116 as a result of 
ia pacemaker implant rather than DRG 139. In these 26 
hospitals over the period 1980 through 1983, the number 
iof patients annually in the high reimbursement DRG 
(116) increased from 792 in 1980 to 939 in 1983, or 


TABLE | Standard Direct Patient-Care Rates by DRG and 
Teaching Status New Jersey Hospitals, 1983 


Major Teaching Minor Teaching — Nonteaching 
DRG 115 $5,972 $7,556 $6,502 
DRG 116 5,318 6,323 4,945 
DRG 117 3,053 3,500 2,588 
DRG 118 3,667 3,595 2,903 
DRG 121 3,810 3,258 3,106 
DRG 122 2,909 2,650 2,549 
DRG 138 1,585 1,454 1,348 
DRG 139 1,180 1,085 1,045 


slightly more than 18.5%, while admissions in DRG 13! 
fell from a total of 1,227 in 1980 to only 1,118 in 1983, : 
decrease of approximately 9.75% (Table III). This result 
while certainly not owing to some conspiratorial effor 
on the part of hospitals and physicians, is in accord witl 
the incentives discussed earlier. 
Interpretations of changes in admission rates i: 
confounded by the fact that for specific DRGs, som: 
hospitals are low-cost producers and can make a profi 
on them while, at the same time, others are high-cos 
and will lose money. The former will attempt to increas 
the number of admissions in that DRG and the latte: 
will attempt to decrease admissions. Within any 
teaching category there may be both types of hospital: 
and their opposing motives will have the effect o 
blurring the results. Information on the incentives o 
individual hospitals is not available to this analysis. 
Table IV presents the average length of stay by DRC 
and hospital teaching category for the years 198( 
through 1983. A strong incentive under prospectivi 
payment is to reduce length of stay. In 4 of the DRG 
(116, 122, 138 and 139) all 3 categories of hospitals sho 
reduced length of stay over the period of years ii 


` question. In 4 others (115, 117, 118 and 123), 2 of the: 
categories show a decrease. Only in DRG 121 was ther 


no significant reduction between 1980 and 1983. Acros 
all categories of hospitals for these 9 DRGs, length o 
stay has decreased by almost 1.5 days over the 4-yea 
period in question and for the state as a whole (for al 
DRGs), the decrease has been 1.3 days, or 13.5%, sinc 
1980. 

Although the data presented herein. represent onl: 
26 institutions and cover a period involving a stee] 
learning curve in terms of responses to the new incen 
tives, the trends that emerge are in congruence witl 
those that can be hypothesized from the previous dis 
cussion of incentives. What is so far lacking in thi 
analysis is evidence as to whether patients are better o 
worse off as a result of the changing admission anc 
length of stay patterns, and whether any money is bein; 
saved. 


Conclusion” 


Prospective payment using DRGs creates funda 
mental changes in the incentives facing acute genera 
hospitals and, as a result, changes their behavior anc 
goals as well as their expectations of practicing physi 


* This section is drawn from May.® 
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TABLE lil Admissions by DRG and Teaching Status, Selected New Jersey Hospitals, 
1980 to 1983 
Major Teaching Minor Teaching Nonteaching 
n % n % n % 
DRG 115: Permanent Cardiac Implant with AMI or CHF 

1980 60 42.3 33 23.2 49 34.5 
1981 52 30.8 42 24.9 75 44.4 
1982 58 32.6 46 25.8 74 41.6 
1983 68 40.5 39 23.2 61 36.3 

DRG 116: Permanent Cardiac Pacemaker Implant Without AMI or CHF 
1980 333 42.5 175 22.1 284 35.9 
1981 329 38.8 209 24.7 308 36.5 
1982 411 43.5 197 20.9 336 35.6 
1983 404 43.0 221 23.5 314 33.4 

DRG 117: Pacemaker Replacement/Revlsion Without Pulse Generator 
1980 89 55.7 20 16.1 35 28.2 
1981 65 58.0 16 14.3 31 27.7 
1982 77 48.7 24 15.2 57 36.1 
1983 76 49.7 15 9.8 62 40.52 

DRG 118: Pacemaker Replacement/Revislon with Pulse Generator 
1980 148 52.7 53 18.9 80 28.5 
1981 85 49.4 35 20.4 52 30.2 
1982 104 56.8 34 18.6 45 24.6 
1983 118 59.0 42 21.0 40 20.0 
DRG 121: Circulatory Disorder with AMI and Cardiovascular 
Complicatlons Discharged Allve 
1980 524 29.9 384 21.8 844 48.2 
1981 426 29.2 344 23.6 689 47.2 
1982 461 30.0 345 22.5 729 47.5 
1983 493 28.5 448 26.9 792 45.7 
DRG 122: Circulatory Disorder with AMI, Without Cardiovascular 
Complications Discharged Alive 
1980 1,273 34.1 802 21.5 1,659 44.4 
1981 1,204 34.7 759 21.9 1,511 43.5 
1982 1,187 32.8 820 22.5 1,633 44.9 
1983 1,230 35.6 737 21.3 1,490 43.1 
DRG 138: anes and/or Conductive Disorders with Age >69 Years and CC 

1980 631 31.5 493 24.6 879 43.9 
1981 768 34.3 501 22.4 971 43.4 
1982 778 32.5 549 22.9 1,066 44.6 
1983 904 32.9 629 22.9 1,211 44.2 

DRG 139: Arrhythmia and/or Conductive Disorders with Age <70 Years 
1980 419 34.2 284 23.2 524 42.7 
1981 389 33.4 284 24.4 491 42.2 
1982 385 31.8 300 24.8 527 43.5 
1983 386 34.5 261 23.4 471 42.3 


cians. Physicians must be informed about and involved 
with this new system because they, and the very content 
of medical practice, will be affected. Not since the im- 
plementation of Medicare and Medicaid in 1965 has so 
fundamental a change occurred. | 

At that time there were deep ideologic divisions 
within the medical establishment—fear of “socialized 
medicine" and of government intrusion into the pre- 
rogatives of medicine on the one hand and, on the other, 
recognition that these programs held the promise of 
improving access for the elderly and the poor and of 
making funds available to cover the costs of caring for 
them that had not previously been available. 

A similar ideologic spectrum exists today within the 
medical community regarding prospective payment. 


Some physicians are eager to understand and use the 
system for a wide variety of reasons: to improve the 
utilization review process; to get a handle on what they 
perceive as wide variations in the way cases are handled 
by colleagues; to help them to convince administration 
that a particular piece of equipment or a particular 
change in staffing is a good idea; and many others. 
Other physicians are convinced that the kind of vis- 
ibility that such a system brings to how particular cases 
are handled and how this may vary across physicians, 
coupled with the incentives to do “less” for patients, will 
homogenize medical practice and force them into a mold 
within which they may not feel comfortable. These 
physicians also feel strongly that the next step will be 
the extension of this sort of system to payment for 
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TABLE IV Length of Stay (Days) by DRG and Teaching Status, Selected New Jersey 


Hospitals, 1980 to 1983 








_ Major Teaching Minor Teaching Nonteaching 
DRG 115: Permanent Cardiac Pacemaker Implant with AMI or CHF 
1980 19.55 20.71 21.78 
1981 17.62 24.42 25.40 
1982 18.16 25.32 17.94 
1983 19.06 24.59 18.26 
DRG 116: Permanent Cardiac Pacemaker Implant Without AMI or CHF 
1980 13.21 14.74 16.21 
1981 12.01 13.00 15.30 
1982 11.98 12.68 14.10 
1983 11.84 12.90 . 14.52 
I 
DRG. 117: Pacemaker Replacement/Revislon Without Pulse Generator 
i 1980 9.32 6.73 12.13 
1981 7.74 12.06 9.48 
1982 l 8.87 7.84 10.89 
1983 10.65 6.19 9.83 
! DRG 118: Pacemaker Replacement/Revision with Pulse Generator 
1980 5.80 4.58 7.99 
1981 5.42 5.89 6.19 
1982 5.49 4.94 7.34 
1983 5.17 6.27 7.55 
DRG 121: Circulatory Disorder with AMI and Cardlovascular 
Complications Discharged Alive 
1980 15.64 14.93 14.04 
1981 16.60 16.77 l 16.38 
1982 16.40 17.07 15.92 
i 1983 , 15.62 15.61 15.22 
| DRG 122: Circulatory Disorder with AMI, Without Cardiovascular | . 
Complications Discharged Alive 
| 1980 , 13.42 13.14 13.47 
1981 i 13.20 13.41 13.61 
1982 13.10 13.25 12.82 
` 1983 11.96 12.31 12.16 
DRG 138: Arrhythmia and/or Conductive Disorders with Age >69 Years and CC 
1980 9.34 10.49 9.53 
1981 8.64 8.83 9.20 
1982 8.45 8.59 8.29 
1983 7.88 7.94 8.20 
DRG 139: Arrhythmia and/or Conductive Disorders with Age <70 Years 
1980 5.86 §.31 6.13 
1981 5.15 5.37 5.80 
1982 5.33 5.15 5.58 
1983 5.28 5.22 5.27 


Abbreviations as In Table Ill. 


physicians’ services (and, indeed, the legislation that 

brought the DRG system into existence contains a 

Congressional mandate to explore ways of doing just 
at). 

Finally, some physicians do not understand or even 
care about the changes in the making and choose to re- 
main oblivious to them. 
` Jt may be appropriate that there be so many view- 
points concerning a system as new and as complicated 
as this. The system has the potential of adversely af- 
fecting hospitals’ financial status and even threatening 
their survival. The data produced by the system will 
make more visible the ways in which individual physi- 
cians practice medicine and may well cause hospital 
administration and medical staff leadership to bring to 
bear pressures to move in the direction of perceived 


efficiency, directly affecting the autonomy of individual 
physicians in their decisions regarding patient care 
regimens. In the future, hospital decisions concerning 
new programs, investments in new equipment, staffing 
and granting of privileges may very well be made in the 
context of the contributions to net revenue of a partic- 
ular DRG, type of patient or individual physician in- 
volved. Hospitals will be run more like businesses, and 
this will not be as confortable for many physicians, ad- 
ministrators or trustees. _ 

Whether these changes are good or bad depends on 
one's point of view. Some take the position that “t is the 
law" and attempt to gear up to function as well as pos- 
sible under it. Some see possibilities for better man- 
agement and increased opportunities for cost contain- 
ment under the system and leap at the chance to take 
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advantage of them. Others see opportunity in the ex- 
panded capability of peer review and the educational 
possibilities it offers. However, there are those who do 
not want others to have access to information on how 
they care for patients, who are bothered by the need to 
take cost into consideration when planning and carrying 
out a regimen of care or who believe that no corners can 
or should be cut in patient care regardless of cost. 

What must be realized is that the prospective per- 
case payment system based on DRGs that has been 
examined in this report was imposed as a result of a 
decade of inflation rates in medical and hospital costs 
so far above that for the rest of the economy that 
something had to be done. Congress reversed the in- 
centives of hospital management. Under the new system 
hospitals will hope to discharge patients as soon as 
possible, to provide only services that are absolutely 
necessary and to staff and equip as minimally as they 
can consonant with patient safety. 

This will change the hospital world in which physi- 
cians spend much of their time and it will change the 
ways in which physicians and hospitals work together. 
A much closer working relationship will develop be- 
tween medical staff leadership and hospital manage- 


. ment and increase expectations on the part of the 


trustees with regard to the peer review process. More 
full-time chiefs of service will be employed and. charged 
with the responsibility of managing the “production 
process” in their departments, taking direct responsi- 


` bility for the costs incurred in caring for patients. At- 


tending physicians will be increasingly questioned by 
their colleagues about the necessity and appropriateness 
of particular tests and procedures and by staff of the 
medical records departments about the accuracy and 
completeness of their recording of diagnoses and pro- 
cedures. In short, it will be a world very different from 
that all have grown used to. 

In the face of the pressures on Congress to do some- 
thing about medical cost inflation and the financial 
problems of the Medicare trust fund, if this new ap- 
proach doesn’t work, it will be replaced by something 


else that might. By “work” is meant that it must lead . 


to a reduction in the rate of cost increase, preserve the 
financial viability of the Medicare program and ease the 


- economic pressures on the major payors. 


In fact, these pressures are continuing. As hospitals 


strive to shorten stays, they are seeking out alternative . 


sites for providing care. In so doing, they function to 
increase the case load in long-term care and rehabili- 
tation facilities, physicians' offices and on home health 
care agencies. This is driving up the costs incurred by 
Medicare and the patients themselves for that care. Às 
a result, efforts are under way to develop case-mix based 
prospective payment systems applicable to nursing 
home patients and ambulatory care settings. 

The Health Care Financing Administration has a 
Congressional mandate to develop a DRG-like system . 
covering physician's practices by 1986. And only re- 
cently a "trial balloon" was sent up in the form of a 
proposal to make a single DRG-based payment for each 


. hospitalized case to, for example, the attending physi- 


cian, who would then distribute portions of it to the 
consultants and other physicians involved in the care 
of that patient. 

In the long run, the only really effective way to hold 
costs down (and thereby make the system affordable) 
is to restrict the quantity of care rendered. The DRG 
system attempts to do this by providing incentives to 
hospitals (and indirectly to physicians) to do only what 
is medically necessary; but it leaves control over the 
decision at the local level and allows such decisions to 
be made with respect to the needs of individual patients. 
If it doesn't work as expected—and it won't without the 
full and open cooperation of all concerned—the only 
other way to restrict the quantity of care is for govern- 
ment to ration it, arbitrarily and perhaps inequitably, 
either by reducing payment levels still further or by 
restricting supply. I hope that by working together to. 
make the best of the current situation we can avoid that 


eventuality. 
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Impact of Competition and Cost Containment 
on the University Hospital 


SHELDON S. KING 





ealth care delivery in the United States Is pro- 
ceeding through rapid evolution driven by changes 

in how health care providers are reimbursed. The 
current dominant philosophy in government Is to 


alter the health care field from a heavily regulated : 


one to one characterized by competition. By re- 
ducing regulatory constraints and encouraging 
competition, government bellevés more efficient 
health care delivery will result. 
‘|Health care payment systems now include the 
: gnosis related group method, all-payor rates and 
contracting for services with major insurance 
companies on discount, per diem, capltation and per 
case rates. Reduced use of resources assumes 
changes In the practice of medicine from an elab- 


The implications are many and the possible effects 
severe. There will be reduced levels of support for 
medical educatlon, particularly for fellows and for 
those beyond the third year of residency training. A 
decreased hospital census and the thrust to perform 
more services on an outpatlent basis question the 
baslc structure of medical education focused on the 
inpatient. Teaching hospitals will have to develop 
networking arrangements, a forced cooperativeness 
that threatens the autonomy of training and research 


_ programs. The recent entry of for-profit health care 


corporations into research may compromise the 
Integrity of the university hospital as a center for 
clinical care, education and research. | 





orate system of medical care to a more basic one. 


Tojunderstand how the university hospital will adjust 
to the new era of cost containment, it is useful to con- 
sider the precedents. The advent of widespread health 
care and hospitalization insurance for large segments 
of the population began with the inclusion of such in- 
surance as part of union contract settlements. In the 

mid-1960s Congress passed titles XVIII and XIX to the 
Soci Security Act and extended health care insurance 
to the poor and the elderly. These plans reimbursed 
hospitals for cost. Commercial insurance companies 
often paid full charge rates, well above actual costs. 
Under &uch programs, health care benefits were ex- 
tended to the entire population (a part of the Great 
ty), and the opportunities proved to be notable for 






which had been self-rationed i in that they were available 
m 
ided. Regional Medical Programs fueled this ex- 
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at selected medical centers, were extraordinarily 


(Am J Cardiol 1985;56:27C-31C) 


pansion—in services, in technology and in increasing 


numbers of health care personnel. The kinds of services 
hospitals offered under physician direction became 
more complicated and,.most regrettably, the number 
of hospitals and the number of beds available in the 
United States increased. As part of the movement to 
provide the highest available standard of medical care 
for all, the government encouraged medical schools to 
expand their classes through capitation arrangements 
and encouraged the founding of new medical schools. 
These produced more students, more house staff posi- 
tions and more fellows entering subspecialty training 
at the end of specialty training programs. 

Then government switched directions and began to 
increase efforts to restrict reimbursement to hospitals 
by “capping” routine per diem cost rates and by 
implementing other eligibility restrictions. Hospitals 


‘and physicians working together, however, managed to 


find ways around and through a more cost-conscious 
reimbursement system. As a result, the percentage of 
the gross national product devoted to health care now 


‘exceeds 10% and the national concern is real. It has 


become a political banner under which successful 
campaigns can be undertaken and business leaders can 
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rally. Issues such as “flat of ihe curve” medicine (in 
which increased use of resources produces higher costs, 
but no tangible health benefits) overshadowed the de- 
creases in such areas as coronary artery disease and 
neonatal death rates. The fact that a discernibly better 
product is available has not stemmed the movement to 
control and reduce health care costs. The current as- 
sumption is that the U.S. cannot afford all the care that 
could be made available technically and that (it can be 
argued süccessfully) would be desirable. Once, providers 
responded to federal imperatives to societal values by 
increasing their numbers and their services. Now new 
directions must be taken in response to new imnperatives.! 


Competition 


Although it is popular to classify the current era of 
health care as competitive, it is naive to assume that this 
is accurate. It had been more a form of regulated com- 
petition or a variation of what economists call “mo- 
nopolistic competition" (in which rivals compete, not 
on the basis of price but on other characteristics). Fur- 
ther, competition assumes no dominant market share 
and the federal government, which pays for 40% of the 
health care delivered in the U.S., does influence and 


determine reimbursement policy and eligibility for 
health care services disproportionately. Health care is ` 


now an industry, imitating that most successful form 
of 20th century life, American business. Physicians have 
become entrepreneurs. 'l'he emergence of health care 
corporations with titles changing from “for profit" to 
"proprietary" to "investor owned" is a complete reversal 
from 20 years ago, when such enterprise was suspect 
ethically. 


Other issues further complicate the picture. The | 


concept of charity care dates back to a time when wards 
or services were pópulated by patients who were pro- 
vided with free care and who became “teaching mate- 
rial." Over time hospitals came to expect to be reim- 
bursed at least for costs for such patients; physicians, 
who at one time provided care and supervision of house 
staff as part of their obligation to the community, came 
to expect that they too would be reimbursed or that 
full-time physicians in the schools of medicine would 
assume that responsibility.” 

The.increasing number of physicians educated iri the 
specialties who leave the teaching hospital to provide 
tertiary care in suburbs and rural areas is an example 
of increasing .competition: A distinct “drying up" of 
referral channels has occurred except for the most 


complicated and severely ill patients who find their way - 


to the medical center. | 
The bottom line mentality that now characterizes 
health care is often attributed to the investor-owned 


corporations but, in fact, voluntary community hospi- 


tals and university hospitals aim to show a healthy op- 
erating margin. ‘The difference, of course, remains in the 
use of that bottom line or operating surplus; in teaching 


hospitals it is used to replenish the physical plant, 


support medical education and support research. The 
new relationships developing between health care cor- 
porations and university medical centers will test their 
ability to survive and prosper together. Some univer- 


sities appear to be willing to sacrifice autonomy and 
freedom of operation in exchange for readily available 
capital, business acumen and, assumedly, a more effi- 
cient way of providing services. Humana’s-funding of 
artificial heart procedures is interesting, although it is. 
noteworthy that Humana has not yet beguri to support 
the basic research that led to the application of the 
procedure. It has been a public relations bonanza. It 
remains to be seen whether a poorer retürn on invest- 


- ment in such institutions as Humana will result in 


pressure from investors to decrease the support for 
medical education and research in order to develop a 
more positive bottom line. Many university hospitals 
are considering such relationships. They will be part of 
many academic medical centers' futures, on partial and 
large-scale joint bases. 

A truly competitive aspect of this new era is that one 
now finds hospital versus hospital and physician group ` 
versus physician group competitions. Hospitals compete 
for contracts with insurance companies, seek to develop 
affiliations with health maintenance organizations to 
provide hospital care and negotiate to become preferred 
provider organizations as part of approved contracting 
mechanisms.? These formal commitments are at fixed 
reimbursement levels, including a per-case basis under 
the diagnosis related group (DRG) payment system, a 
percentage discount from charges, a flat per diem rate, 
a differential per diem that pays one rate for such ter- 
tiary care as neonatal intensive care and lower rates for 
other services and, most difficult for university centers, 
a capitation plan that shares income between physicians 
and hospitals and seeks to provide a minimal number 
of inexpensive days in hospital beds. 

Hospital board members often add to this emphasis 
by being members of business coalitions that are fol- 
lowing the government's example to provide fewer and 
less elaborate health care benefits. Most of the recent 
major labor negotiations have resulted in a diminution 
of health care benefits, although labor is beginning to 
strengthen its resolve to retain such benefits. 

Hospital record keeping documents financial winners 
and losers under the DRG system. Cardiologic proce- 
dures fall into both categories in university hospitals. 
Do we stop offering the losers? How do we decide which 
services to market? These are some of the issues we 
face. 


Cost-Effectiveness and Efflclency 


Hospitals and physicians find themselves increasingly 
part of a system in which the rate for payment is fixed 
in advance. This causes shorter lengths of stay, partic- 
ularly apparent in the Eastern states where the intro- 
duction of DRGs is causing patient stays to drop pre- 
cipitously, and an emphasis on out-of-hospital proce- 
dures. Advances in anesthesia permit fairly complicated 
ambulatory surgery to be performed routinely, and 
many forms of diagnosis and treatment are now being 
performed on an outpatient basis.* The shorter length 
of stay for all patients has significant implications for 


.the teaching process, particularly because so much em- 


phasis has been placed on the inpatient. The introduc- 
tion of fixed rates according to diagnosis means that in- 





_ August 23, 1985 THE AMERICAN’ JOURNAL OF CARDIOLOGY Volume 56 29( 


dividual procedures may no longer be billed. gis 


ithis will mean reductions in nonmandatory- procedures. 
Fewer consultations will be Held because that income 
will be shared under global fee arrangements. 
| Itislikely that in most institutions this will produce 
more careful examination of the introduction of new 
procedures and equipment, which will be measured by 
he return on investment, the reduction in costs through 
automation and elimination of personnel or the ability 
to reduce length of stay. The pattern of introducing new 
technologies, new procedures and treatments because 
they might be more efficacious for the patient will be 
slowed.3 
It is a fiction that no university hospital or teaching 
tm really supports research through direct dollar 
investments. The fact is that research is supported in 
less obvious ways. 'The extraordinary additional ex- 


penses in medical records departments are an example 
of the indirect way in which hospitals support research : 


because such records are used in clinical studies. The 

use of clinical laboratory facilities for research activities 

Mim long been a standard practice in university 
hospitals. 


A price-driven system will necessitate more ac-. 


countability among research personnel and have a po- 
tential impact on their activities by requiring their use 
of hospital resources to be accompanied by specific 
payment for services. Uncompensated use may come to 
an end. 

IThe huge investment in physical plant in the godean 
teaching hospital requires a continued inpatient census 
toiamortize and depreciate buildings and equipment. 
Some institutions, however, have begun to provide re- 
sources and functions previously not found in teaching 


hospitals (e.g., nursing homes, home care agencies, di- ` 


agnostic centers), and minisystems are being struc- 
tured. 4 A corollary need will be for the faculty to shift 
itsifocus to a greater patient care load to support the 
teaching hospital, its numerous beds and resources 
necessary for teaching and research functions, to aug- 
ment faculty income and, of course, to support the 
schools of medicine. This could produce dispropor- 
tionate patient mixes tied to use of resources rather than 
teaching requirements. 
| Futures 

f this is not a time of revolution in health care de- 
livery, it is at least a time of rapid évolution. The ethical 
and moral values that characterize the practice of 
medicine in the U.S. are undergoing review, not just 
from the standpoint of removal of life support systems 
or *ho code" procedures in hospitals but the very basis 
of the practice of medicine itself. Hospitals, one should 
remember, were created initially to serve the poor be- 

the middle class and the wealthy were able to die 
ut home. 'The explosion in hospital building after World 
War II was catalyzed by the Hill-Burtori Act, which 


attempted to spread the medical gains made during the . 


war to a larger population. Part of that arrangement, 

however, was that communities made commitments to 

continue to serye the poor, and hospitals became much 

more of a reflection of a community’s commitment and 
= 


i 
í 
] 


of its medical staff's recognition of that responsibility 
Continuation or expansion of that social responsibility 


-is doubtful now. The issue of uncompensated care fo! 


the poor is with us again because teaching hospital: 
realize that by the third year of the DRG system, they 
will begin to receive less than cost for their Medicare 
patients. In the past “cost shifting" allowed hospital: 
to charge more to those patients whose insurance pro 
grams paid full charges, and that “profit” was available 
to subsidize the cost of care for the poor. Incidentally 
such techniques were also used to subsidize the cost o: 
tertiary care, which was usually underpriced in the be 
lief that it was the best way to provide those very ex 
pensive services. Teaching hospitals provide a great dea 
of the care for the poor arid the aged, a responsibility th« 
public now seems reluctant to support.? 

As those hospitals continue to receive a dispropor 
tionate share of Medicare and Medicaid patients, thei 
ability to provide adequate resources will diminish 
Medicine will need to define what is a minimal or ac 
ceptable level of care and the country will have to try t« 
respond with financing for that level. The university 
hospitals may find themselves unable to provide tha: 
level of care under a system that does not permit reim 
bursement for charges from other paying patients. The 


- 2-tiered system could become a 8-, 4- or even 5-tiered one 


Technology was part of the way a hospital advertisec 
its superiority. Each hospital strived to have the lates 
in equipment. The university hospital, with its emphasis 


on pioneering new technologies, usually had first gen 


eration equipment——only to find out very quickly tha 
its neighbors, benefiting from what the university hos 
pitals had learned, were able to provide less expensive 
care with improved second and third generatio: 
equipment. Now, under a bill signed by Presiden 
Reagan (Senate Bill 771) and sponsored by Senator: 
Hatch and Kennedy entitled “Preventive Medicini 
Research and Health Promotion Act of 1984,” the 
government will determine what responsibility it ha: 
in the evaluation and dissemination of new health carı 
technology. This would include determinations of whicl 
technologies will be covered under federal programs fo: 
health care financing. Obviously a program not ap 
proved for reimbursement will have a hard going. The 
effects of such restrictions on the university hospitals 


ability to remain on the “cutting edge" and toeducat« 


house and medical staff are problematic at best. 

The growth of health maintenance organizations wil 
also change the relation between primary care physi 
cians and specialists. Under such systems the primar. 
care practitioner acts more and more as the "gate 
keeper" and the specialist may find his or her activitie: 
(and income) curtailed sharply under referral anc 
control mechanisms. With personal income a prominerr 
factor, issues of care can become secondary and referral: 
to academic medical centers minimal.? 

With cost shifting ending it would seem that.paymen 
for medical education, unreimbursed care and tertiary 
care will become more difficult. It is likely that hospital: 
in their contracting and other financial relations wil 
have to identify accurately the true costs of care fo! 
services and charge appropriately. It is also clear tha 
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new sources of funding for the costs of medical educa- 
tion will have to be identified. University hospitals face 


particular problems in that they have built a complex 


superstructure based on the assumption that service, 
teaching and research activities would remain equal, 
inseparable and permanent. In order to safeguard the 
mission of the university hospital, a more differential 


payment system needs to be developed. Some teaching 


hospitals are beginning to separate the educational 
component, a harbinger of change. 

À standard belief of university hospitals and their 
faculties is that they treat the more severely ill patient. 
This, however, has never been proved empirically. It is 
implied through the heavier use of resources used tó care 
for such patients. Clearly a reliable system for showing 
a severity of ilIness measure (such as the one Dr. Susan 
Horn at Johns Hopkins has developed) must be iden- 
tified and found acceptable by third-party payors, in- 
cluding the federal government. At the moment the 
indirect cost of medical education payment to teaching 
hospitals under Medicare is a surrogate for such 


. measurements. That is likely to be curtailed or elimi- 


nated in the very near future, and without it, incen- 
tives to retain house staff size vanish from a financial 
perspective. 

Limits in technology availability pose TUM prob- 
lems for university hospitals. Should they argue for the 


"introduction of new technology through academic 


health centers only? Should an awards system, such as 
the National Institutes of Health grants program, be 
created whereby hospitals would compete for the priv- 
ilege? Must it be accompanied by prior reimbursement 
agreement? What are the real values of the introduction 
of a new technology; that is, will it be substitutive, will 
it simply be another way to measure and diagnose or will 
it represent a signficant change in either the diagnosis 


. or treatment of disease? 


Separate reimbursement approaches for teaching 


hospitals with large Medicare and Medicaid patient 


loads may be required. It has been demonstrated that 
these hospitals experience higher costs in caring for such 
patients. If the public will is that the poor are to be re- 
turned to a system of public hospitals, then some formal 


recognition will be required that allows the public hos- 


pitals to continue to provide that care. 

University hospitals have traditionally been stand- 
alone institutions that relied on excellence of service and 
reputation of faculty and medical staff to attract pa- 
tients. Generally they ignored other community hos- 
pitals except when a referral network or house staff 
programs and medical student clerkships could be es- 


tablished. Much more formal and extensive networking . 


is already under way at some university teaching hos- 
pitals. Some have acquired membership in such orga- 


nizations as the Voluntary Hospitals of America, which 


provides hegemony in a geographic area and access to 


. capital. Clearly this is a form of real competition—with 


the health.care corporations. 
University hospitals are removing traditional barriers, 
developing services that can benefit their communities 


. on a broader basis and seeking true 2-way relationships 


with other local hospitals. This sounds rational and 
responsive but it means inevitably that faculty practices 
will undergo basic change and compromise. Resource 
consumption clearly will be an issue because it directly 
involves the practice of medicine and standards of care. 
One approach is the Travenol Management Services 
program, which teaches techniques that allow hospitals 
to use their services to develop a “best demonstrated 
cost." ''his is à measurement that compares that hos- 
pital's performance against similar hospitals (e.g., other 
university hospitals) in an attempt to identify those 
areas in which there is a significant and assumedly 
negative cost difference. This commits medical staffs, 
especially in procedure-heavy specialties, to explain why 
their more expensive form of medical practice is ap- 
propriate. The New England Medical Center has begun 
a management project that scrutinizes care delivery and 
attempts to ascertain that services are appropriate to 


the illness and that not every available modality of di- 


agnosis and treatment has been provided simply be- 
cause it is there. 

Many university hospitals are in serious discussion 
with health care corporations. It is clear that more 
university hospitals will be acquired by the health care 
corporations as universities seek a way out of continued 
responsibility for a troublesome financial burden. This 
relieves the university of the responsibility for investing’ 
capital and can provide handsome capital reserves in 
return for selling the university hospital to a health care 
corporation. Such relationships may be mutually ben- 
eficial but this remains to be proven. Faculties are un- 
derstandably leery. A scenario in which health care 
corporations and academic medical centers combine in. 
joint ventures—without requiring the university to 
relinquish effective control of its basic mission-—may . 
be more likely. The development of ambulatory care 
centers, diagnostic centers and even specialty hospi- 
tal pavilions are very likely developments in such 
relationships. 

Finally, and probably most important, ig the coming 
change in the relation among hospital management, 
hospital boards and medical staff. In many institutions 
this relation has been adversarial or at best advocative. 
It must evolve to provide physicians with a more sig- 
nificant, clear role in the decision making. Although 
many physicians believe that this is what they have al- 
ways sought, it is paramount now because difficult de- 
cisions about and for themselves and their colleagues 
have to be made. It will be necessary for medical staffs 
to be more active in applying peer pressure within their 
organization to those members who practice inappro- 
priately and wastefully. Medical staffs and hospitals will 
find themselves in more joint venture relations such as 
the kinds just described and in more risk-sharing ap- - 
proaches that spread the onus of responsibility for ef- 
ficient, economic management and preservation of. 
quality. Hospitals cannot market their services without 
their medical staffs.° 

A major concern for all remains the preservation of 
the opportunities that have produced extraordinary 
standards and benefits in U.S. health care delivery. The 
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general public and medical staffs outside the teaching 
hospitals do not at this point seem to appreciate and 
support the higher cost such institutions continue to 
experience. Without both significant reductions in cost 
and greater efficiencies in operation, as well as the 
identification of other sources of support for medical 
education, part of that future is in doubt. If hospitals 
haye the opportunity to compete, they have every 
chance to fail. There can be no return to an era of un- 
limited or even extensive resources. In our era of limits 
and belt tightening, the issue is to maintain an American 
health care system that leads the world. Affordable 


a Wwu PP re ees Jm Ce 


excellence should be the underlying philosophy for al 
of us, and achieving it our mutual goal. 
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The Effect of Cost Containment — 
- on the Practice of Cardiology: Predictions : 


“SUZANNE: B. KNOEBEL, MD 


When health care cost containment is tled to unit 
pricing, the system may become price-driven rather 
than care-driven. Although the incentives engen- 
dered by unit pricing may not necessarily result in 
. practices detrimental to the young or the patlent with 
relatively pure disease, the potential for adverse 
effects on the elderly, the poor and the chronically 
ill is real. Hospitals will soon emphasize quick 


. turnover, efficlency and intensive care. Diagnostic - 


- evaluations and chronic disease care will be moved 
` Out of hospitals Into physician owned-and-operated 


facilities and out-of-hospital settings, respectively... 


The health care system will fractionate, and quality 


control. will require restructuring to achleve the ' 


ncaa level of quality assurance. Cardiologists, as 


_well as other physicians, will need to alter their 


teaching style and teaching locations. Better  . 


.: methods for predicting outcomes will need to be 
. developed; we will no longer have the safety net of 


following a patient closely and altering management 
plans according to the- patient's response. Cost 
containment may occur under diagnosis related 


~- groups, preferred provider organizations, health 


maintenance organizations and other prepaid or 
"capped". systems. There. are, however, many 
Issues relative to cost versus quality that need to be 


` resolved if severe detrimental effects on care are 


to be avoided. (Am J Cardiol 1985;56:32C-34C) | 





"Western European experiences with health care cost. 


containment, as well as some models of cost contain- 


ment developed in the United States, have shown that ^ 


. Whenever cost containment tied to unit-pricing becomes 


the principal determinant of health care, the following - . 


result: rationing of health care often becomes a reality; 
- technology development and acquisition lag; patient, 
. physician and paramedical personnel dissatisfaction is 
almost- certain; access to hospitalization is decreased; 


and a 2-tiered (or more) system, of health care devel 


ops—one for the rich and one for the poor—one for the 
sick and one for the basically well—one for the old and oné 


: for the young. Further, health care resources and facil- : 


ities tend to deteriorate and bureaucracies. significantly 

. deviant from their original purpose tend to develop. 
. These adverse effects of cost containment occur even 
though the intent of most government regulations and 
- inte sector reimbursement plans i is to contro: Sy8- 
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| tem-wide costs, not the price of individual units. 


However, whether reimbursement is by diagnosis, by 


': prepaid annual health care fees for individuals or fam- 


ilies, by ‘ 'capping" insurance payments for total‘or >- 
limited services or by other packages such as preferred | 
provider arrangements, the focus is on the price of . 


component units and the incentives are to contain unit — 
prices. 'T'hus, unit prices become the driving force for. 


~~ health care; their true genesis—as simply statistical 
. values: around which to construct a total cost es- 


timate—is lost. The effect is to disallow the most costly 
items per patient per encounter. The result is: 


` that medical standards of care are replaced by Price 
_ standards. 


Cardiology has developed: and now uses predictive 


. algorithms to guide decision making. An example is 


provided by the postmyocardial infarction patient. 
Some patients who survive an uncomplicated myocar- 
dial infarction remain at high risk for cardiovascular ` 


` morbidity and mortality. Revascularization can reduce 


such events in certain patient subgroups. Various 
testing procedures are used to select patients most likely . 
to benefit from revascularization, but the procedures 


` vary in precision, cost and risks. One study comparing 


strategies, involving a combination of testing procedures 
with respect to 6-month cardiovascular mortality, . 
nonfatal myocardial infarction and costs, showed that . 


| the strategy that resulted i in- the most cost-effective = 
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outcome in terms of cost per life saved was coronary 
angiography followed by coronary artery bypass surgery 
for | ‘patients with left main coronary artery disease 


(CAD) or 3-vessel disease with a significant amount of 


myocardium in jeopardy.! It is unlikely that a per pa- 
tient capped payment system would allow for such a 
management plan even though system cost savings 
could be shown. In addition, the physician who prac- 
ticed such cost-effective care could potentially be la- 
belled “expensive” and subject to censure. Sunilarly, 
it i is quite possible that such recent innovations in the 
treatment of the early phases of myocardial infarctions 
as early revascularization could not be accomodated 
under myocardial infarction payment rates. The phy- 
sician who. practices such state-of-the-art care could be 
considered profligate. 

converse example is the treadmill test in the 


asymptomatic patient for the diagnosis of CAD. Be- - 


cause of the known low predictive value of this test for 
CAD, particularly in the asymptomatic patient, it may 
not be cost-effective in terms of guiding management 
toward a salutary patient outcome,”? but because of its 
lower price it might be allowed, indeed encouraged, for 
the evaluation of CAD. 

Considerations of the type just described form the 
basis for the following projections regarding what to 
expect for the practice of cardiology in the next 10 years 
or, so as prospective payment and private sector cost 
containment systems evolve in the U.S., and if unit 
prices and economic norms—rather than medical 
norms—drive the system. 

Clearly, as the resources consumed in simply oper- 
ating a hospital room as a patient care facility render 
length of stay the least cost-effective portion of in- 
hospital care, diagnostic work-ups and long-term car- 
diac care will no longer take place in the hospital. The 
required hospital stays are simply too costly for long- 


term care and not cost-effective for diagnostic evalua- . 


tions. Accordingly, hospitals that survive the initial 
phases of cost containment will be efficient, business- 
like operations resembling large intensive care units for 


dad high-risk, intensive therapy-responsive © 
p 


tients—whose care is reimbursed at optimal reim- 
bursement-to-resource utilization ratios. Determina- 
tions about the “recoverability” of patients will be made 
more quickly than at present. Although patients with 
short-term cardiologic problems will initially be treated 
in hospitals, it is probable that the in-hospital care will 
be for even briefer periods than at present—and some 
feel these already are inadequate. 
It is quite possible that patients with such diseases 
gs bacterial endocarditis requiring intravenous therapy 
ill not be in hospitals for the entire course of their 
. Someone will be mixing their intravenous fluids 
at home or in other facilities, hopefully taking their 


temperature and blood pressure and interpreting the 


significance of any symptoms they may be experiencing. 
Some patients who develop acute valve insufficiency or 
arrhythmias will not survive in this setting but might 
have under hospital surveillance. 

| Cardiologists will become more specialized. Lael 
for geographic and economic reasons, it will not be 
| 


I 


possible for cardiologists to follow a patient personall: 
or to become involved in a patient’s other health prob: 
lems. Most patients will be taken care of in their home: 
or other out-of-hospital locations and by the physiciar 
who contracts for their total or primary care. Referral: 
will be for specific cardiovascular problems and th: 
patient will be responsible for the costs incurred in thi 
evaluation of other signs and symptoms not specificalh 
related to the referral. Thus, other organ system com 
plainte are unlikely to come under the cardiologist’: 
purview. 

If stratified systems of care develop under the guise 
of cost containment, it may well be that cardiologist: 
will be seeing fewer patients with long-term cardio 
vascular disease or with problems for which time is o: 
the essence. Triaging, second opinions or certificatior 


. requirements may well delay care in certain cases ir 


which time limits exist, including acute revasculariza 
tion in early myocardial infarction. The delay ma 
render referral pointless. Such patients may not receivt 
the benefits of the most advanced technology because 
of the inability of the system to be flexible and the 
uneven knowledge base at the various levels in th« 
system. 

Most diagnostic evaluations will be performed in the 
out-of-hospital setting or in short-term hospital facili. 
ties. Noninvasive testing will be done primarily ir 
physician owned-and-operated offices and clinics, thu: 
reducing overhead. Physicians predictably will continue 
to secure for their patients those studies that they 
consider to be vital for clinical decision making. Echo 
cardiography, ambulatory electrocardiographic anc 
blood pressure monitoring, pacemaker surveillance 
nuclear imaging, treadmill testing and other noninva 
sive examinations will continue as long as physician: 
deem the information derived from them of sufficien: 
importance to merit the capital investment to secure the 
necessary equipment. Medical instrumentation com 
panies will probably strive to produce "stripped down' 
models to enhance their marketability in the office en. 
vironment. There will undoubtedly be a slowing o 
technological developments as venture capital will be 
increasingly difficult to find because of diminishec 
probability of return. Technologies that cannot be 
shown to provide essential information from the onse 
or that are not a less expensive alternative to alread; 
accepted modalities wil be difficult to develop o 
market. 

'These projected changes in the practice of cardiology 
many of which are already here, may not be detrimenta 
to certain patient groups, and unit costs may be savec 


- by moving many services from hospitals into less re 


source-intensive areas. Indeed, various cost contain 
ment plans may work well for the younger cardiac pa 
tient with relatively pure disease or the patient witl 
enough resources to pay for additionally required bu: 
nonreimbursible services because their basic care wil 
be competitively priced. 

But what about the older, higher risk. patient, tht 
chronically ill patient and the poor patient? The 
chronically ill and the elderly become immediate po: 
tential outliers. Even though age and severity of disease 


Tne ali AA RH HH te HOH 


were a part of the original pricing considerations, sys- 
tems designed around average costs cannot accomodate 
adequate in-hospital care for them. Their problems are 
generally multifactorial or compounded by socioeco- 
nomic issues. Rapid hospital discharge after myocardial 
infarction for the laborer without sufficient resources 
may force him back to work prematurely and with po- 
tentially persistent ischemia and muscle prone to an- 
eurysm formation. Rapid discharge for older patients 
without resources, home help or surveillance may result 
in malnutrition or dehydration severe enough to 


markedly affect their prognosis. Consider the elderly 


. or chronically ill patient admitted the day of surgery 


rather than the day before who, because of apprehen- 


sion or depression, took sleeping medications and, thus, 
tolerates anesthesia induction poorly. What if dehy- 
dration is already a problem in such a patient? And the 


. poor and unemployed? There may be no entrance 


points to the health care system for them. 

The list of potential hazards to the individual patient 
when care is inextricably bound to price is infinite. The 
medical profession could fill volumes with real and 
unexaggerated examples of the threats posed. Some of 
the adverse resulta of unit-price control might be ac- 
ceptable if system costs were contained. However, costs 
have not been controlled in the Western European ex- 
perience and, predictably, even greater distortions in 
the European health care system have been created. 
Similar trends seem to be emerging in the U.S. 

Globally, price-driven systems have an effect on both 


the total availability of services and the effectiveness 


and efficiency of cardiac care. À decrease in the number 
of ancillary services and the encouragement of cost- 
reducing technologies and practices—despite their 
possibly irrelevant relation to clinical need—are certain 
to occur. 

Another concern with the fractionation of care that 
arises as patients are diagnosed and treated in many 
settings and by differing professional and paramedical 
personnel is this: where does quality control come from? 
How and by whom will the relevance and competency 
of care be decided? Our present competency assurance 
mechanisms have taken a long time to develop. It may 
take many years to achieve the same kind of assurances 
under a fractionated system. Physicians have tra- 
ditionally assumed the leadership role for quality as- 
surance. They will not be able to in a multiprovider 
environment. 

In order to ameliorate the potentially detrimental 
effects of unit pricing, cardiologists have to assume re- 
sponsibility and declare the rationale for specific 
practices, therapies and procedures relative to cardio- 
vascular disease on patient outcomes. In addition, we 
need to relate outcomes to cost in a quantitative way. 
Patients, legislators and regulators must know what the 
effect will be on patient outcome if certain procedures 
and practices are disallowed under unit pricing. Medi- 
cine is probabilistic and cardiologists, because of the 
lethal potential of many cardiovascular diseases, have 
long been risk-to-benefit calculators. Extending the 


principles of risk versus benefit to cost-effectiveness 
should follow. 

There is now consensus, even unanimous agreement, 
among nonmedical decision makers that the percentage 
of the gross national product that goes to health care 
should not be allowed to rise above its present level. 
Those who pay for medical care are demanding solu- 
tions. If unmodulated, the result will be that health care 
delivery norms will be based on price rather than 
medical necessity. It is imperative that professionals act 
to apprise the public, legislators and business leaders 
of the facts and the alternatives. 

Cost containment is vital but may be defeated when 
linked to unit pricing. Cost containment should be 
sought through the elimination of procedures and 
practices that are only marginally contributive to a 
beneficial patient outcome and the pursuit of allocative, 
industrial and technical efficiency and effectiveness. 

In summary, the following conclusions are offered. 

1. The incentives engendered by unit pricing as a 
means for cost containment have the potential to 
replace medical standards for health care by price 
standards. 

2. Under price standards, decisions regarding tech- 
nology utilization and acquisition may be based 
on price alone rather than cost-effectiveness, a 
determination that includes consideration of pa- 
tient outcome. 

9. Capped reimbursement rates are always outdated 
because they are based on diagnosis and treatment 
patterns at the time the rate structures were . 
created. The introduction of technologies that may 
be more cost-effective but of higher unit price will 
be hindered. 

4. System costs are unit prices times the number of 
units. Because the number of units will be in-- 
creasing as our population ages, it is imperative 
that prices be controlled. It is equally imperative, 
however, that pricing be based on cost-effective- 
ness analyses rather than merely choosing the least 
expensive methods per patient encounter. Ex- 
amples of decisions based on least expensive 
choices that, eventually, are more costly in terms 
of real dollars and patient outcome are not rare. 

5. The practice of cardiology will be changing rapidly 
in the next few years. Increased subspecialization 
will occur. With the fractionation of care that will 
result, cardiology must place increased emphasis 
on predictive algorithms for cost and optimal pa- 
tient outcome to ameliorate potentially adverse 
effects. 
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Making the Coronary Care Unit Cost-Effective 


GEORGE E. THIBAULT, MD 


Coronary care units (CCUs) have now been In use 
for 20 years, and it Is generally acknowledged that 
hey have helped to reduce hospital mortality for 
: patients with acute myocardial Infarction. In recent 
ipee the indications for admlssion to a CCU have 
been greatly expanded to Include all patients with 
suspected myocardial Infarction and a varlety of 
other manlfestatlons of cardlovascular disease In- 
cluding primary arrhythmias and heart fallure. The 
ocus of the CCU has also broadened to include the 
prevention of major complications and the use of a 
variety of invasive and noninvasive diagnostic and 
therapeutic interventions before, as well as in re- 
sponse to, complications. With the changing indi- 
cations for CCU admissions and the changing use 
of the CCU, new problems have arisen. The number 
o patients who might benefit from CCU care is now 


The first report on the use of specialized units for cor- 
onary care was by Day in 1963.! In the early days of 
coronary care units (CCUs), only patients with definite 
myocardial infarctions were admitted to the units, and 
many patients were kept in the unit for nearly their 
entire hospital stay. The emphasis was exclusively on 
the treatment of complications once they occurred, and 
many patients who may have benefited from coronary 
care were excluded because of the limited number of 


beds and restrictive admission practices. In 20 years, the. 


number of CCU beds has increased dramatically, be- 
cause it has become widely accepted that CCUs repre- 
sent the best of what modern medicine has to offer. 
With this growth in the number of beds we have greatly 
broadened the indications for admission. Now all pa- 
tients with suspected (as well as proven) myocardial 
infarction and also patients with many other manifes- 
tations of cardiovascular disease are admitted. The units 
are focusing much more on active therapy, as opposed 
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much larger and may at any given time greatly ex 
ceed the number of beds available. Decisions re- 
garding who should be admitted to the CCU, how 
long a patient should stay In the CCU and which o 
the large and growing armamentarium of diagnostic 
and therapeutic interventions should be used are 
now Increasingly important. These decisions have 


. not only medical but also economic implications 


Based on a 5-year experience with an intensive care 
unit computer data bank, strategies for more cost: 
effective CCU use have been explored. This has 
Involved identification of high- and low-risk subsets 
of patients and modifications of standard operating 
procedures. The common clinical problems of ches 
pain, arrhythmias, syncope, pulmonary edema anc 
myocardial infarction will be used as examples. 
(Am J Cardiol 1985;56:35C-39C 


to just watchful waiting, and the number of patients wh 
might benefit from such therapy is beginning to exceec 
the number of beds in even these greatly expandec 
units. 

We began our study of intensive care unit (ICU 
practices over 7 years ago, primarily motivated by £ 
desire to improve our understanding of the patients anc 
the disease processes that we treat in the ICU. We als 
had a growing awareness that the time might come wher 
we would have to make some difficult decisions abou 
whom we would admit to the unit and whom we woulc 
exclude. We chose ICUs as the focus of our investigatior 
because of their rapid diffusion and widespread use 
and, although individual activities that are performec 
in ICUs have undeniable efficacy, the overall effec 


. tiveness of ICUs was still unproven. It was apparent t 


us that we must begin to deal with the issue of high anc 
rapidly rising costs; of which ICUs were very much ar 
example. In the 1970s, when we began these studies 


‘ICU costs were increasing 28% per year, more thar 


double the rate of general medical care costs. More thar 
15% of total hospital care costs were consumed in ICL 
costs, although ICUs nationally constituted between ! 
and 6% of beds. By the end of the 1970s, ICU costs were 
consuming nearly $10 billion a year, and by 1982 it was 
estimated that ICU costs were between $13 and $1£ 
billion.4 
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We attempted to define the types of clinical problems 
or diseases in the ICU that would be most fruitful to 
study if we were to have an impact on practices and 
- costs. First, we were interested in clinical problems that 
often result in death or other bad outcomes despite 
high-level resource investment. In fact, up to the time 
that we began our studies, this was the primary focus 
of ICU research.® Over time, we came to focus less on 
this group because we felt that other areas, which rep- 
. resented in aggregate a much higher proportion of ICU 
care, were more worthy of attention. Second, we were 
interested in clinical problems to which clinicians re- 
spond unpredictably in their use of invasive or costly 
procedures. Cardiologic procedures are high on that list, 
e.g., the use of Swan-Ganz lines, nuclear imaging, cor- 
onary angiography and bypass surgery (though the 
latter two went beyond the scope of our own medical 
ICU studies). Finally, a major focus of our interest be- 
" came common clinical problems to which physicians 
respond with standard operating procedures or well- 
established decision rules. In fact, this is the way CCUs 
developed, often using predetermined orders to allow 
nurses and residents to be able to adopt a standardized 
approach to what was thought to be fairly homogeneous 
. patient populations. This was not initially an unrea- 
sonable approach, but we have begun to realize that it 
is a relatively inefficient one, because it fails to take into 
account the heterogeneity in these patient populations, 
` particularly as the indications for CCU admission and 
choices of care broadened. To help us further under- 
stand the nature of the choices we are faced with in 
‘deciding whether or not to use intensive care in a par- 
ticular patient, we have identified 3 prototypical 
` patients. 

The first prototypical case is a patient who has a good 
prognosis with ICU intervention, but a bad one without. 
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In this instance the patient presumably has an acute, 
reversible problem. Examples of this would be a patient 
with cardiovascular collapse secondary to complete . 
heart block or a tachyarrhythmia where pacemaker 
therapy, cardioversion or acute antiarrhythmic therapy 
would be expected. to reverse the course of the hemo- 
dynamic compromise. In a general medical ICU, a pa- 
tient with respiratory failure secondary to drug overdose 
would be an example. This is not a difficult decision to 
make in terms of assessing how we are going to allocate 


" our resources, because these pensate clearly benefit 


from intensive care. 

The second prototypical case is an acutely ill patient 
who has a low probability of survival with or without 
intensive care. In this case there may still be a benefit 
from intensive care; that is, the probability of survival 
with intensive care is low, but it may still be higher tha: 
the probability of survival without intensive care. In this 
instance, however, the benefits of intensive care ate ` 
much harder to prove. Examples in this category are 
patients with cardiogenic shock or multiorgan system 
failure. Here the decision about whether to initiate or 
continue intensive care intervention is difficult and 
must be made on an individual basis and reassessed 
frequently. , 

The third prototypical patient that we have found io | 
be the most common in our CCU and ICU population 
is a patient who is not critically ill at the time of pre- 
sentation, but who is thought to be at risk of becomiiig 
critically ill This patient's immediate prognosis is good, 
with or without intensive care. The probability that the 
patient will benefit from intensive care depends on the 
probability that the patient will have a complication 
that either would be prevented by presence in the ICU 
or more effectively treated were the patient in the ICU 
rather than on the medical floor. If the risk of a cord- 
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CPK patients among those admitted with 
> 50mU chest paln and suspected myocardial 
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plication is high and there is a high difference in the 
effectiveness of ICU care versus non-ICU care for it, 
then the probability of benefit is high. If, on the other 
hand, the risk is low and the advantage of ICU care is 


perience this model applies to approximately 70% of the 
patients admitted to a CCU; these patients are neither 
critically ill nor in need of immediate intervention at the 
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complication that could benefit from intensive care. In 


| this situation, then, the most effective use of the 


| ICU.—if it is a constrained resource— lies in being as 
accurate as possible in predicting complications. 


Another way to look at this is to determine which 


| patients in aggregate consume the most ICU resources. 
Even though it has been shown by us and others that the 
sickest patients and those with the poorest outcomes 
disproportionately consume ICU resources, it is the 
patients with good prognoses that in aggregate consume 
| hysicians to estimate the prognosis for survival for all 

atients admitted to our unit. Patients with estimated 
prognoses between 80'and 100% were responsible for 


54% of the total hospital charges of ICU patients, while . 


patients with estimated prognoses of 0 to 20% were re- 
sponsible for only 8% of the hospital charges, even 
though charges per patient were much higher in this 
group. 

Certain themes seem to be emerging in our continuing 
study of how to use CCUs more cost-effectively. First, 
standard operating procedures may be inappropriately 
applied to heterogeneous patient populations as if they 
were homogeneous. Second, becausé patients with good 
prognoses represent the majority of patients and are the 
major consumers of ICU resources, we want to improve 
our predictive abilities so that we can better determine 
who, has the highest probability of benefiting from in- 

tengive care. We have attempted to do this for several 

common clinical problems that are often considered for 
CCÜ admission. I will cite briefly 4 CCU diagnoses in 
which we have identified low-risk patients who may be 
ableto be quickly transferred from the CCU or perhaps 
not'admitted at all. 

Suspected myocardial infarction: Chest pain and 
suspected myocardial infarction is the most common 
reason for admission to a CCU. In the past it has been 


* 3 felt that a 2- to 3-day CCU stay was necessary to “rule 


out" myocardial infarction and to be sure the patient 
was stable.. We’ studied all patients presenting with 
chest pain and suspected myocardial infarction who had 
wie us requiring intensive care at the time of 
1ission (Fig. 1). Using simple criteria available to all 
phiticlans, i.e, serial electrocardiograms, serial creati- 
nine kinase and clinical course in the first 24 hours, we 
were able to divide this patient population into low-, 
intérmediate- and high-risk groups. Forty-seven percent 
of the study population were in the low-risk group; their 
subsequent hospital mortality rate was 0; their incidence 
of myocardial infarction was <5% and their incidence 

` of complication after the first 24 hours that might have 
uired CCU care was only 2%. If all of these patients 
were transferred from the CCU after 1 day, rather than 
the conventional 24 days, there would be substantial: 





small, then the probability of benefit is low. In our ex-. 


| time of admission, but they have some finite risk of a 


the ‘most resources. For a period of time, we asked: 
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reduction in CCU stay and substantial reduction in 
hospital charges at a small measurable risk. Applied to 
the whole group of patients with suspected infarction, 
there would have been about a 1096 reduction in the 
need for CCU days. 

Atrial fibrillation and flutter: Ten percent of our 
ICU patients over a 5-year period had atrial fibrillation 
or atrial flutter at the time of admission. We were able 
to divide these patients into 2 groups: those in whom the 
arrhythmia appeared to be primary who had a relatively 
benign course with a low incidence of intervention, and 
those in whom atrial fibrillation and atrial flutter oc- 
curred in the setting of other complex medical or car- 
diovascular illness who had a much higher incidence of 
invasive procedures and bad outcomes with or without 
intensive care. These 2 groups obviously have very dif- 
ferent needs for intensive care and very different out- 
comes. With multivariant analysis we have been able 
to identify predictors of uncomplicated courses (such 
as young age, alcohol use and hypertension) and of 
complicated courses (such as ischemic electrocardio- 
graphic changes, chest pain, heart failure, older age and 
female sex) that should enable emergency room physi- 
cians to make more discriminating triaging decisions. 

Syncope: Patients admitted to our CCU because of 
a first syncopal episode constituted 2% of our admis- 
sions, but attracted our attention because they repre- 
sented an area of high physician uncertainty, and as a 


. group they have an excellent short-term prognosis. In 


a 2-year period, 108 patients were admitted to the unit 
with syncope as the only reason for admission (Fig. 2).8 
In 41 patients, the diagnosis that was believed respon- 
sible for the syncope was able to be made as part of the 
initial emergency room evaluation. Of all those patients 
who were admitted to the CCU for subsequent moni- 
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FIGURE 2. Evaluation of patients admitted with syncope. 
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toring with no diagnosis, only 8 had a diagnosis estab- 
lished during an average CCU stay of 2.6 days, and an- 
other 8 had a diagnosis established during a remaining 
hospital stay of 10 days. This group had no ICU deaths 


‘and a very low hospital death rate, suggesting that these 


patients have a low probability of requiring urgent CCU 
intervention and a low yield in using the CCU for di- 


‘agnostic purposes. 


Pulmonary edema: Pulmonary edema is a common 
reason for CCU admission and a common complication 
of cardiovascular disease. Our experience has been that 
of all people admitted to our unit with pulmonary 
edema, about 60% have a complicated course and about 


. 4096 an uncomplicated course. We are all aware of the 


fact that many patients who present with pulmonary 
edema may dramatically clear and it may not neces- 
sarily herald other immediate instability. Such patients, 
however, may be at high risk for late complications and 
mortality. But in dealing with CCU use, we are dealing 
primarily with the question: what is the risk of a short- 
term complication that would benefit from CCU in- 
tervention? Although admission to an ICU has become 
standard operating procedure when treating patients 
with pulmonary edema, some have questioned whether 


it is necessary for all patients and whether we have really 


altered outcome for the majority of patients.? 

It seems to us, once again, that this is a situation in 
which a standard procedure has been uniformly applied 
to a heterogeneous population that includes both high- 
and low-risk patients. If we could better predict the risk 
of complications, then we could make more selective 
triage decisions and more cost-effective use of our 
CCUs. Our study of pulmonary edema is still in prog- 


ress. So far it is apparent that about 40% of patients. 


presenting with pulmonary edema will require ICU care 
because of a complication evident within the first 4 
hours. After that, there is a declining rate of complica- 


. tion: 11% on day 1, 5% on day 2 and 2% on day 3, leaving . 


about 40% still uncomplicated at the end of 3 days. Even 
acknowledging that in some patients, complications 
may be averted by intensive care, there is still.a sizable 
minority that might do just as well without intensive 
care. 

The 4 examples just given all involve cases in which 
identification of low-risk patients may lead to more 
cost-effective CCUs by giving less care to some patients. 
It should also be acknowledged that there are instances 
in which the most cost-effective approach may be to give 


"| more care. We have been struck by the fact that nearly 


13% of the patients with myocardial infarction dis- 
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of 536 patients admitted with myocardial infarction, 61 of whom were 
readmitted to the cardiac care unit (CCU) during the same hospttallza- 
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charged alive from our CCU were readmitted to. the 
CCU during the same hospital admission. Those read- 


mitted patients had very costly hospital courses with | 


a high incidence of complications, need for major in- 
terventions and mortality (26% compared with 14% for 
all myocardial infarction patients). We analyzed the 


CCU course of all myocardial infarction patients to 


identify predictors of the need for read mission (Fig. 3). 
Of all variables examined, recurrent ischemic pain in the 


first 24 hours in the unit was the strongest predictor. 


This has led to an increase in the duration and intensity 
of care for this group of patients in the hope of de- 


creasing the morbidity and the cost of their subsequent | 


course. 


We must accept the fact that ICUs and CCUs are now ` 


a constrained resource and we will need to respond ap- 


propriately if we are to preserve quality, equity and ` 


innovation. To some extent we have always made ra- 
tioning decisions about whom to admit and for how long, 
and we have accepted the fact that a finite risk of com- 
plications and mortality exists in those denied CCU 
admissions or transferred from the CCU. What is dif- 
ferent now is that we will need to become more explicit 
about what we are doing and why we are doing it. To do 
this in a medically sound and equitable way, we will 
need to improve our information base and our predictive 
abilities. 

We recently reported,on our experience when ra- 
tioning of ICU beds was imposed on us because of a 
shortage of critical care nurses.1! During this time our 
average daily bed capacity fell from 18 to slightly over 
11; the number of ICU admissions on a monthly basis 
fell correspondingly. Our average occupancy went from 
TT to 90%, and the average bed availability fell from 95 
to 55%. This imposed on us as physicians a need to 
change our behavior. None of us particularly liked this, 
nor had we been formally prepared for this. It turned 
out, however, that the behavior that resulted was ra- 
tional and aimed at protecting equity and quality as 
much as possible. Physicians did not assign beds on a 
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FIGURE 4. The relation between bed capacity and confirmed myocardial 
Infarction (MI) In patlents admitted with chest paln and suspected MI. 
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‘first-come, first-served basis. Rather they attempted 
| to triage out the low-risk patients in order to make room 
‘for the higher risk patients. The percentage of patients 
requiring major interventions in the unit rose, and the 
length of stay for those receiving no interventions fell. 
An interesting example of triaging was the relation be- 
tween the bed capacity and the percentage of patients 
dmitted with chest pain in whom myocardial infarction 
was confirmed (Fig. 4). Formerly, CCUs had a “rule-in” 
rate of about 75%. Over the years, as indications for 
admission to CCUs have broadened, the rule-in rates 
reported in studies and in our experience have been 
between 30 and 35% (and this is despite greater diag- 
nostic sensitivity). As our unit contracted from 18 to 10 
beds, physicians clearly began to admit selectively and 
ur rule-in rate rose to 45% at our tightest bed capacity. 
er this period of time, about 3 times as many patients 
ith suspected myocardial infarctions were admitted 
to the medical floor (compared with an earlier period 
at full-bed capacity). The rule-in rate on the floor rose 
modestly from 4.5 to 9%, but there was no change in 
mortality. 
| If we are going to deal with this constrained resource 
and retain efficiency and quality at the same time, we 
are going to have to improve our information base to 
predict the need for, to measure the effects of, to assess 
the outcomes of and to understand the costs of intensive 
care. Of further concern to all of us who are providing 
care is that in the face of constraints we lose equity. 
That is, we do not want to see nonmedical criteria used 
to determine who will receive care. If we are to preserve 
equity, it is incumbent upon us to develop medical cri- 
teria that include benefit/cost ratios for different classes 
of patients, and for different patients in the same class. 
We must become more comfortable with the develop- 
ment of explicit medical criteria for our interventions 
and we must address directly the social myth that we 
must do everything at all times, if there is even the 
remotest possibility of benefit. 
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If medical inputs are plotted against outcomes we can - 
generate a curve that looks like a ventricular function 


‘curve. We want to be functioning on the steep portion 


of the curve where there is clear benefit perceived for 
additional inputs. There clearly are many practices in 
cardiology on that steep portion and future innovations 
are likely to bring even more. Our ability to have enough 
resources available to us to do these things will depend 
upon our willingness to eliminate practices that are on 
"the flat of the curve" and those (which clearly do exist) 
that are in the "descending limb" where more input 
actually leads to worse outcome. 
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. really quite simple. Most cost control efforts fall, 


, ‘that reward inefficient providers with higher pay-. 
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Any effort to control the rise In health care costs 
must start with analyzing the causes, which are 


because they do not address the causes. The causes 
are large subsidies In several forms that send a false 
message that health care is free and should be used 
abundantly, and expansive reimbursement programs 


ments. This combination of demand stimulation and 
. cost-plus reimbursement produced the world's most 
expensive health care tn system and strident 
vias for reform.. : 


Rising health care costs in recent years have caused the ` 


government, insurance companies, employers and other 
payers of medical. bills to search for ways to limit cost 
increases. 

, Most of the efforts have been ineffective because ibo; 
fail to address the causes of health care cost increases. 
These causes are quite simple: 

(1) Large subsidies in several forms gave the false 
impression that health care is free and should be 
used abundantly. 

(2) Expansive reimbursement programs rewarded 
inefficient providers with higher payments than 
efficient providers. 

(38). Inclusion of the non- needy elderly in Medicare 

' diverted substantial resources from the truly 
needy. 

. This combination of denan stimulation and cost- 
plus reimbursement with its incentives for inefficiency 


- worked synergistically to create the world’s most ex- 





f 


_ pensive health care delivery system. Strident calls for 


reform came from some of the same places responsible 
for stimulating demand and for rewarding the ineffi- 
- cient. Their rhetoric and their action went in opposite 
directions until recently. . 

Demand-stimulating subsidies have included ,em- 
' ployer-paid health insurance as a tax-free benefit (food, 


| -: shelter, clothing and transportation are paid by the 
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A long overdue change In public policy took effect 
October 1, 1983, when Medicare payments moved 
from cost-plus reimbursement to fixed, prospectively 
determined prices. Because it addressed one of the 
causes of medical inflation, thls change has been 
effective in slowing the rise in Medicare expendi- 
tures. Sponsorship of a hospital Is not a determinant 
of its cost-effectiveness. There are examples of effi- 


- clent and inefficient hospitals In both the voluntary and 


the investor-owned or taxpaying hospitals. The deter- 
mining factor is the will of ment to keep costs 
under control. (Am J Cardiol 1985;56:40C—42C) 


employee with after-tax dollars). Other demand stim- 
ulation came from the tax-supported Medicare and 
Medicaid programs for the elderly and the poor. These 
well-intentioned programs sent a message—-loud, clear 


but false—to consumers that their care, seemingly, was 


A long overdue change in public policy took effect 


October 1, 1983, when Medicare payments moved from 


cost-plus reimbursement to fixed, prospectively de- 


termined prices based on diagnosis related groups - 


(DRGs). At last, one of the causes of medical infla- 
tion—cost-plus reimbursement— was addressed. Pre- 
dictably, the runaway rise in hospital costs has begun 


to be brought under control. All hospitals now have clear: 


incentives to become efficient and to bring productivity 
to their use of labor, except those hospitals in the ex- 
cessively high-cost states of Massachusetts, New York, 
New Jersey and Maryland. (It is noteworthy that all 
other DRG payments have been reduced by about 2% 
as a result of excess payments to these 4 states.) 

With all hospitals i in the same region now being paid 
the same price, those who keep their costs below the 
payment will produce a profit or surplus. Those who do 


' not are in real jeopardy. 


Now I am going to offer a contrarian's view on DRGs. 
Knowing that the incremental cost of an additional test 
or an extra hospital day is very small, Humana has en- 


couraged its medical staff members to fight all out for - 


their patients, to use their best medical judgment rather 
than worry about costs. Our productivity enables us to 
maintain a calm environment in today's volatile and 
threatening climate. 


DE 


4 
` 
te 
* 
‘fhe 





i 


| 

While DRG incentives are creating the expected 
productivity improvements in hospitals, demand- 
stimulating government subsidies continue and are in 
direct conflict with shrill government rhetoric in favor 
of cost containment. 

Outside the federal sector, changes requiring.con- 
sumers to pay a portion of their previously "free" care 
have reduced demand. Employers have imposed co- 
payments and higher deductibles for their employees 
to pay, bringing reduced use. The smaller number of 
patients has spurred competition among providers. 
Hospitals that emphasize quality, productivity and 
responsiveness to customers should do well in this 
cost-conscious, competitive environment. "These at- 
tributes can exist whether a hospital is a taxpaying in- 
vestor-owned hospital, a voluntary tax-exempt facility 
ora public hospital. Quality, productivity and respon- 
siveness to customers are vital. We identified those 
when Humana's statement of purpose was formulated 
more t] than a decade ago. It reads: “The mission of Hu- 
mana is to achieve an unequaled level of measurable 
quality and productivity i in the delivery of health ser- 
vices that are responsive to the needs and values of pa- 
tients, physicians, employers and employees." 

Éveryone i in our company has a clear understanding 
of this statement. By following it, we have established 
the high quality of our hospitals while achieving cost- 
effectiveness. Our hospitals have a cost advantage of 


- 18% compared with other hospitals in the same markets. 


Our analysis of last year's Medicare cost. reports in 
Louisville showed that 3 Humana hospitals provided 
26% of the area’s medical care while receiving only 24% 
of the revenues. 

Our fourth hospital in Louisville is the University of 
Louisville’ s teaching hospital. This public hospital was 
losi ng $10,000 a day in 1982 and was forced to cut pro- 
grams and turn away some indigent patients. We began 
operating the hospital in 1983 and have an 8-year con- 
tract to provide an unlimited amount of care to the 
county’ s indigent population for a fixed maximum 
payment, which increases annually by the lesser of tax 


revenue or consumer price level increases. Louisville ` 


thus is one of the few, if not the only, major American 
city whose indigent care problems have been solved. 
Humana’s emphasis on quality and responsiveness 
has enabled this hospital to increase significantly its 
number of private patients, and all patients receive a 


single, high-quality level of care. 


Humana Hospital-University opened on May 1, 1983, | 


having been built and equipped by the University of 


Louisville and the Commonwealth of Kentucky at an . 


approximate cost of $73 million. Humana provided an 
additional $5.7 million of equipment during the 16 
m mnths of operation that ended August 31, 1984, 


thereby making available many new or expanded Ber- 


vices, including: 

* The region's first electrophysiology laboratory to 
test and evaluate patients with irregular or unusual 
heart activity, 


* A cardiac catheterization unit, eliminating the 


. necessity of sending patients to other a for this 
service, 


t 
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e An adult burn care unit was added when Louis- 


— ville's largest and most profitable voluntary hospital, 


citing a $400,000 loss on burn center operations, sud- 
denly and unilaterally stopped admitting adults to its 
burn center, 

ə An acute dialysis unit, providing acute peritoneal 


dialysis and acute hemodialysis, 


e A neurology/neurosurgical intensive care unit for 
patients requiring special neurological care, 

* A diabetes unit, a transitional care unit, 1-day 
surgery, a sleep laboratory, neonatal echocardiology, 
digital angiography, an endoscopy laboratory, a pul- 
monary diagnostic laboratory, a cochlear ear implant 
program, a laser surgery program and a microsurgery 
program. 

In 1984 Humana Hospital-University was the only 
hospital in the city to reduce its average revenue per 
case and average cost per case. Despite reduced revenue 
per case, the hospital went from loss to a profit of $2.5 
million in 1984 (20% of which was shared with the 
University of Louisville School of Medicine). 

The improved financial results came from a combi- 
nation of factors. In the months before Humana began 
operating the hospital, the university, through financial 
necessity, reduced personnel to 5.5 full-time equivalent 
employees per occupied bed. Then, after Humana 
opened the new hospital, higher volumes of patients 
enabled us to reduce the ratio to 4.1 employees per oc- 
cupied bed while increasing the total number of em- 
ployees. Other reductions in cost came from Humana's 
operating systems, including centralized accounting, 
national purchasing contracta, inventory control, pro- 
ductivity management and a “computerized information 
system. 

Humana’s growing experience with the University of 
Louisville School of Medicine encouraged us to agree 
to build a new teaching hospital for the Chicago Medical 
School, a large voluntary nonprofit medical school. 
Humana will begin construction immediately upon re- 
ceipt of a certificate of need from appropriate regulatory 
authorities. 

The concept that has worked so well in providing 
indigent people with affordable access to high-quality 
hospital care in Louisville is being extended to the pri- 
vate sector through a family of innovative prepaid 
health plans known as Humana Care Plus. By January 
20, 1985, this plan was being sold in 16 cities and had 
more than 115,000 members. Under Humana Care Plus, 
the patient retains the freedom to choose a family 
physician, who may in turn refer the patient to any 
Humana hospital staff member. Because Humana 
hospitals have open staffs, specialists may maintain 
patient relationships by joining a network hospital staff. 
We are able to share hospital cost savings with pur- 
chasers by providing members significant incentives to 
use Humana hospitals. We guarantee that premium 
costs will rise no faster than the cost of living index for 
up to 4 years. . 

Efforts by the gove nuai, insurance companies and 
other payers of health care costs have affected physi- 
cians as well as hospitals. Constraints are affecting 
medical practice at various levels. 
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The first level of constraint is the peer review orga- 
nization that is judging medical decisions without seeing 


the patients. Similarly, requirements for second opin- 


ions before hospitalization impact practice patterns. 
A second level of constraint impeding free choice is 
the DRG method of payment. A physician’s choice of 
pacemakers, for example, is limited by the DRG price 
for the procedure. 
A third level of constraint is the emergence of health 
maintenance organizations (HMOs) and preferred 


- provider organizations (PPOs) in which patients are 


funneled to certain physicians. The HMO and PPO 
environment may cut costs for society, but it often in- 
terferes with free choice of physician and the traditional 
referral patterns built over the years. It also may have 
an impact on fee structure if physicians choose to 
compete on prices. 

In this changing environment of medical practice, 
new alliances are going to be made. I suggest that phy- 
sicians consider allying themselves with those organi- 
zations that are well positioned to offer high-quality 
services at affordable prices. Consider being part of an 
organization that has. a reputation for excellence and 
attracts patients because of it. À concept that we find 
useful in Humana hospitals is the Center of Excellence, 
in which a particular specialty is of such high quality 
that it attracts referrals from a wide area. Our Centers 


of Excellence provide support for physicians in clinical - 


research and medical education, 2 areas where physi- 
cians in private practice often have frustrations because 
they are away from a university environment. If one can 
establish a solid reputation for excellence, any HMO or 
PPO will be a lesser contender without you. 
Productivity is another area that should be analyzed. 
Peter Drucker, the renowned management consultant, 
author and university professor, says that productivity 
is the first test of management's competence. Í believe 
that those physicians who concentrate on providing 
responsive, high-quality services at the affordable prices 


- made possible by high productivity will maintain rea- 
-sonable incomes. One key to productivity and lower 


costs in cardiology is high volumes to absorb the fixed 
costs of equipment and overhead. 

' Our cardiac catheterization laboratory at Humana 
Hospital-Audubon, the home of the Humana Heart 
Institute International in Louisville, performs invasive 
studies for 1,500 patients a year. These include diag- 


nostic cardiac catheterization for congenital, valvular, | 


myocardial and coronary artery diseases, primarily in 
adult patients. We also perform endomyocardial biopsy 
studies and have just added the latest in electrophysi- 
ologic studies for arrhythmia diagnosis and treat- 
ment—both medical and surgical. 

In addition, we do coronary angioplasty i in more than 
100 patients per year, including elective and, more re- 
cently, acute angioplasty in acute myocardial infarction: 
We also do streptokinase treatment for acute myocar- 


~ dial infarction—both intracoronary and intravenous. 


: Because of high volume and laboratory efficiency, we 


. have been able to maintain charges, according to Blue . 


Cross/Blue Shield, at a level 25% below our competition, 
while functioning as a teaching laboratory for cardiology 


and internal medicine residents. These lower charges, 
in turn, attract still more referrals. 


Humana Hospital-Audubon is but one of several . 


Humana hospitals with a high volume of cardiac diag- 
nostic procedures and surgery, requiring the coopera- 


‘tive skills of well-trained cardiovascular surgeons and 


cardiologists. 

Dr. Robert Goodin, director of cardiology for Humana 
Hospital-Audubon and The Humana Heart Institute 
International, notes that the laboratory regularly has 
a low rate of normal" studies, indicating careful clinical 
selection of patients to undergo these risky and expen- 


sive studies. Through careful use of noninvasive studies, 


cardiologists avoid cardiac catheterization studies in 
approximately 150 patients a year. Their noninvasive 
studies include electrocardiography, Holter monitoring, 
echocardiography (including M-mode, 2-dimensional 
and Doppler), exercise cardiography and such nuclear 
medicine studies as myocardial perfusion studies using 
thallium and gated wall motion studies. 

The Humana Heart Institute has a large cardiac re- 
habilitation center for postoperative and postmyocar- 
dial infarction patients. More than 95% of the center's 
entrants complete the full program and a high per- 
centage resume comfortable, enjoyable living, many at 


their previous occupations. A telephone monitoring - 


system provides telemetry for exercise at home so that 
out-of-town patients can participate. This is important 
because 40% of the patients live beyond a reasonable 
driving distance to the rehabilitation center. 

The large volumes of high-quality services performed 
at the Humana Heart Institute make it possible to do 
research and experimental work, such as implantation 
of the total artificial heart, at low, affordable cost. This 
is why Humana could afford to donate the full costs of 
up to 100 artificial heart implants. With this contribu- 
tion from Humana, principal investigator Dr. William 
DeVries and his team can pursue their search for the 
useful limits of this technology free from financial 
restraints. . 

Research at the Humana Heart Institute is under- 
taken with the added safety that comes from having the 
backup of an outstanding cardiovascular service, with 


all its depth. The Institute's cardiovascular surgeons | 


have participated in a combined total of over 12,000 


procedures. The Institute has the only neuroradiologist . 


in the city. A full range of cardiology services is available 
and cardiologists play a major role in screening candi- 
dates for an artificial heart.. 


We are in a transitional period in which eovernment | 


funding for research faces limitations because of other 
priorities. It is encouraging that private initiative has 
provided nontraditional but necessary financial support 


for the artificial heart project in a hospital setting ren- - 


dered all the more appropriate because of its demon- 
strable long- term commitment to excellence and af- 
fordabilily i in cardiology. 
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Role of the Pharmaceutical Industry 
in Health Care Cost Containment 
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The pharmaceutical industry In the United States Is 
comprised of 50 major companies whose total sales 
for 1983 were approximately $17 billion; slightly 
more than 10% of the total revenues of the hospital 
industry in the same year. Prescription drugs have 
long been considered a highly cost-effective treat- 
ment. Past history, consumer price Indexes, a de- 
cline in share of health care spending and recent 
Pharmaceutical Manufacturers Association studies 
all indicate that drugs represent an economical form 
of treatment that can reduce overall health care 
. costs. It Is clear that the pharmaceutical Industry can 
play a prominent role In containing costs within the 
health care delivery system. Research-directed 
| 
Following growing concern over health care costs 
throughout the 1970s, health care financing policies are 
undergoing radical changes during the 1980s. Over the 
past 4 years, the federal government has passed 4 acts 
_ addressing Medicare and Medicaid program costs. The 
legislation deals with such issues as physicians’ fees and 
hospital reimbursement rates for the Medicare program, 
as Well as waivers of requirements for uniformity in state 
Medicaid benefits. At the same time, both business and 
government have been redesigning their employee 
health care benefit packages. Changes include self- 
insurance by companies, increased deductibles and 
co-payments, compensation for second opinions for 
elective procedures, encouragement of employee en- 
- rollment in health maintenance organizations, preferred 
Provider contracts and mail-order prescription drug 
plans 


Cost-Effectiveness of Prescriptlon Drugs 


Prescription drugs have long been considered highly 
cost-effective treatment modalities. In one century 
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companies can effect economies by developing 
Innovative theraples that replace less effectlve, 
older or more costly ones. The federal government 
has recently provided powerful incentives to foster 


. expansion of the Industry, in addition to enacting 


legislatlon to contain public health care costs. During 
1985, the research-directed Industry will invest 
close to $4 billion In both basic research and specific 
product development projects. The largest portion 
of these funds continues to be devoted to developing 
superlor cardiovascular drugs. The industry is also 
searching for better ways to define, document and 
presen the cost-effectiveness of its products. 

(Am J Cardiol 1985;,56:43C—-46C) 


antimicrobials, vaccines and antihypertensive drugs 
have dramatically reduced death from tuberculosis and 
pneumonia, smallpox and cerebrovascular accidents 
and acute myocardial infarctions, respectively. Pediatric 
vaccines have greatly reduced the morbidity associated 
with poliomyelitis and most other childhood diseases. 
Pharmaceuticals have reduced the disabilities associ- 
ated with psychoses, depressive illness, ulcer disease, 
arthritides and Parkinson's disease. The decrease in 
mortality and morbidity rates in these diseases has re- 
sulted in less money spent for institutional, medical and 
surgical care, in addition to permitting increased indi- 
vidual productivity. 

Figure 1 shows that even though the cost of pre- 
scription drugs has more than doubled in the 10-year 
period from 1973 to 1983, it increased at the same rate 
as the composite consumer price index, while remaining 
80 index points below it. In contrast, medical care and 
hospital care costs have risen far more sharply.! Al- 
though these comparisons slightly overstate the case for 
pharmaceuticals because they do not completely reflect 
the replacement of newer, more efficient pharmaceu- 
ticals for their older counterparts, they do serve to make 
the point that pharmaceutical prices have not been a 
major contributor to increasing health care costs. Al- 
though pharmaceutical costs have increased, they have 
increased only moderately. 
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The portion of health care spending devoted to pre- - 


scription drugs has never been large. Figure 2 shows that 
in-1965, before Medicare and Medicaid programs took 
effect, prescription drugs made up about 7.196 of our 


. health care spending. For nearly 20 years that per- - 


centage has continued to fall; it was 3.8% for 1983. 
These figures represent drug purchases at the retail 
level, including wholesale and retail service fees. The 
pharmaceutical manufacturers receive something less 
than this. In fact, the entire pharmaceutical industry 


- in the United States operates on about 3.3% of the total 
-dollars spent on health care. That amount funds all 
research, all production, all marketing and much ofthe . 


^ distribution costs for pharmaceuticals. 


In 1984, the Pharmaceutical Manufacturers Associ- 
ation published a series of 9 studies on the cost-effec- 
tiveness of pharmaceuticals. These studies, conducted 


by independent contractors, investigated the cost-ef- 


. fectiveness of a number of drugs and vaccines. Report 


. no..7 examined the use of the B blocker, timolol, to 


prevent second heart attacks. The Arthur D. Little, Inc., 
researchers concluded that if 9 blockers were used by 
the entire potentially eligible population for this pur- 


` pose, the net annual benefits would be $1.6 to $3 billion. 


The difference between these 2 values is the discount 


rate used to convert future costs and benefits into 


present values. The $1.6 billion figure is based on a 10% 
discount rate, the $3 billion on a 2.5% discount rate.? 

. In treating glaucoma, the national annual benefits of 
using a § blocker instead of surgery were estimated to 
range from $746 million to $1 billion. This was the 
conclusion reached in report no. 8.* Report no. 9 showed 


. that at a 2.5% discount rate, 8 blockers were found to be 


more cost-effective than surgery in treating angina only 
for persons over 65. However, at the 10% discount rate, 


the net annual benefits of using 8 blockers to treat an- 


gina were estimated to range from $113 to $237 million.5 


. Ina cost-conscious age, pharmaceuticals such as these 


have both therapeutic and economic value. 


Research and Development 
As patents expire on contemporary products, generic 


. drug manufacturers and distributors will make generic 
versions of pioneer products available at lower prices. 
. To survive, research-directed companies must invest 
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FIGURE 1. Consumer price indexes for 1973 to 1983 (1967 = 100). 
Index a a annual growth rate; CPI = consumer price 
. Index. 





in new products——products that are more efficient, more 
effective or safer to use. 


The recent Drug Price Competition and Patent Term 


Restoration Act of 1984 now provides the industry with 
even more powerful incentives for expansion of its re- 


- search activities. The act simplifies the rules and reg-- 


ulations for filing abbreviated new drug applications for 
patent-expired drugs, which benefits generic drug 
companies. It also grants research-directed companies 
patent term extensions of up to 5 years not to exceed. a 
total term of 14 years, based on the time consumed by 
clinical studies and the Food and Drug Administration 
review process. 

During 1985, industry research and: development 


-= expenditures are projected to reach $4 billion, with 1 out 


of every 5 of these dollars dedicated to the cardiovas- 
cular field. Nearly all these funds are generated inter- 


‘nally by the industry. Federally financed research and 


development accounts for less than 1/2 of 1% of the in- 
dustry's total research and development spending.’ 
Industry and entrepreneurial research are also fo- 
cusing their attentions on a variety of natural sub- 
stances, the production of which has been made possible 
through genetic engineering. Among these substances 
are immunomodulators, the lymphokines such. as in- 
terferon and the interleukins. Some of these.substances 


- may prove useful as new immune-system modifiers with 


possible use in the treatment of arthritis, diabetes, 
atherosclerosis and even leprosy. The neurotransmit- 
ters, such as the endorphins, hold promise of more ef- 
fective treatment of Parkinson's disease, senile de- 
mentia, amyotrophic lateral sclerosis and' perhaps 
schizophrenia. Beyond that, there is the theoretical 
possibility of restimulating neuron growth via neuro- 
trophic hormones.®:9 

The discovery of endorphins and enkephalins has 
provided new clues in the search for better and “clean- 


er" mood-altering agents. The discovery of oncogenes 


and tumor necrosis factors opens new pathways for 
cancer therapy or prophylaxis. The ability to make 


. homogeneous antibodies to specific substances offers 


new therapeutic possibilities in cancer therapy, in bone 
marrow grafts and in treating infectious diseases. Most 


‘of this activity is basic research, years. away from 


yielding a marketable product. Other research is much 


closer to yielding. useful products.8 
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Both prostaglandins themselves and prostaglandin 
inhibitors appear to have utility in:several disorders 
including asthma, inflammation and ulcer disease. 
Specific products for treating these disorders should 
emerge within the next 5 years, as should new clotting 
and anticlotting agents. Likewise, research is well along 
in the development of a number of new vaccines for such 
viruses as herpes simplex, hepatitis B, influenza, vari- 
cella-zoster and Epstein-Barr. New systems for drug 
delivery are also being investigated. Respiratory de- 
livery systems, liposome systems, implanted pumps and 
magnetic systems—yjust a few of the possibilities—are 
all in different stages of development.®® . 

It is clear that the pharmaceutical industry expects 
to play a prominent role in containing health care costs 
by developing new and better products for treating and 
preventing illness and disease. 


Profile of the Industry 


Statistics offer some perspective on the industry 
whose product is prescription drugs. In 1983, sales in the 
U.S. for the entire pharmaceutical industry were ap- 
proximately $17 billion!? compared to sales of $132 
billion for the 3 largest automobile companies, $56 bil- 
lion for the 3 largest chemical companies and $26 billion 
for the 3 largest steel companies.!! Also during the same 
year, the hospital industry took in revenues of $147 
billion,” more than 8 times the revenues of the phar- 
maceutical industry. 

Half the revenues of the industry are produced bos à 

mere handful of products. In 1983, 75 pharmaceutical 
products accounted for more than half the industry's 
total sales.!? All research, production and marketing by 
the industry are supported by that small group of very 
successful products—products that have been judged 
highly useful by physicians who practice medicine. 

No "big three" companies dominate the industry. In 
fact, the $17 billion in industry sales was distributed 
among 50 major companies and perhaps a thousand 
other much smaller pharmaceutical manufactürers or 
distributors. The 3 largest companies had a combined 
market share of only 24%, a share they have not ex- 
ceeded in 20 years.1? 

Furthermore, the pharmaceutical industry i is multi- 


national. Twenty of the 50 major companies operating ` 


in'the U.S. are foreign-based firms. Worldwide sales of 
ethical pharmaceuticals for human use probably ex- 
ceeded $50 billion in 1983.!? Of the top 10 companies in 


terms of worldwide sales during 1982 and 1983, 5 are 


foreigni-based and 5 are U.S. -based firma.1? Compilation 
ofi ithe 100 firms worldwide with the largest pharma- 
ceutical sales reveals that only 24 are U.S.-based firnis; 
7 6lof the world's largest pharmaceutical companies are 


foreign based. Also, over the past 7 years, at least 10 


U.S.-based companies have negotiated joint ventures 
with foreign-based firms. 
Cost-Effectiveness Studies 


In a marketplace that offers numerous alternatives, 
choosing the.most cost-effective therapeutic interven- 
tion is not always an easy task. The simplest coat-ef- 


| 


fectiveness comparison is cost per tablet or cost per dose 


of medication, but such a comparison does not consider 


variations in dosing schedules. Today, the standard for 
cost comparison is.often cost per day for single-drug 
treatment. However, even this does not take into ac- 
count the need for and the expense of concomitant 
drugs. A patient c on an inexpensive diuretic may require 
an expensive potassium supplement. Similarly, a pa- 
tient.on aspirin may require concomitant antacids. ‘This 
third type of cost comparison, which considers all 
medication costs per day per patient, will be used much 
more frequently over the next few years as some new 
drugs replace older combinations of therapies. However, 

these 3 types of comparigons consider only the cost of 
the medications themselves. More sophisticated studies 
might also consider ancillary costs associated with the 
treatment regimen. 

The fourth type of Br eee comparison 
examines total treatment cost per day per patient. Ac- 
quisition costs, frequency of dosing, administrative costs 
and labor intensity—both in the pharmacy and at the 
nursing station—can all be calculated. Studies of this 
type that have been conducted mostly involve hospital 
antibiotic regimens. The fifth type of comparison con- 
siders total treatment cost per patient per year or per 
episode. Such studies include all the ancillary costs of 
treatment: costs of laboratory studies, hospital and 
nursing care, medical and surgical care and adverse ef- 
fects. This kind of study requires. much time and close 
monitoring, but still falls short of the.sixth type of cost 

comparison. This, the most comprehensive and prob- 
ably the most revealing type of study, would compare 
the average total treatment costs of 2 groups of patients. 
The high and low costs of treating individual patients 
would be averaged out so that-the true cost of both 
treatment regimens could be estimated. Although there 
have been few such studies to date, some clinical studies 
will be designed to collect this kind of information in the. 
future—along with the traditional clinical data on ef- 
ficacy and adverse effects. | 

There are, however, other factors affecting treatment 
that are difficult to quantify. Malcompliance and non- 
compliance with treatment regimens occur much more 
frequently than has been generally recognized. Mal- 
compliance includes omission of doses, errors of dosage, 
errors in time of administration or premature discon- 
tinuation of the drug. There have been some hospital 
studies of malcompliance, but very few outpatient 
studies for obvious reasons. Noncompliance can mean 
failure to have a prescription filled. Costs of noncom- 
pliance are unknown because noncompliant patients in 
clinical studies are dropped out of the cohort. that is 
reported in the clinical summaries. 

A recently published American Association of Retired 
Persons survey of people over 45 years of age reported 
that, at 1 time or another, 39% stopped taking a medi- 
cation before finishing it; another 21% chose not to have 
a prescription filled. Of those who didn’t fill a pre- 
scription, 52% did not tell their physicians; of those who 
stopped taking a medication, 34% did not inform their 
physicians.!5 One health care researcher has suggested 
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that each medication should have its rate of effective- 
ness multiplied by its rate of compliance in order to 


. arrive at a true rate of usefulness for the product. 


— 


The issue of quality of life also poses difficulties in 
quantifying cost-effectiveness of treatment. À younger 
patient may undergo bypass surgery or angioplasty to 
continue playing tennis. An older patient may choose 
hip or knee replacement to maintain an active life- style. 
Analysts can factor prodüctivity and future earnings 
capacity into their cost-effectiveness studies for patients 
in their working years. ‘They cannot do so for patients 
who are retired. For patients who have been retired for 
a long time, the issues come down to society's definition 
of humane treatment and the question of who will pay 
for care. 

Quality of life may never be statistically quantifiable. 
However, further studies could be undertaken to de- 
termine the effect of compliance on cost-effectiveness 
of treatment because malcompliance and noncom- 
pliance clearly involve costs associated with “last-ditch” 
medical or surgical interventions. 

In summary, prescription pharmaceuticals have both 
prolonged life and improved its quality and have done 
so cost-effectively. As its contribution to containing 
health care costs, the pharmaceutical industry will 
continue to do what it has been striving to do for the 
past 40 years: to discover, develop and make generally 
available safer, more effective and more convenient 


medications at prices affordable to the patient/con- 
sumer. a 


Acknowledgment: The author wishes to acknowledge the 
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Role of Technology in Controlling Health Care Costs 


BENJAMIN L. HOLMES, MBA 
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The objectives of medical technology are to define 
baslc knowledge about the function of the body and 


-to ald in making patients better. Because the es- 


calation of costs for advanced technology has been 
dramatic, it has been labelled one of the culprits for 
the great Increases In health care costs In the past 
decade. Yet technology can Improve the quality of 
care whlle providing mechanisms for lowerlng costs. 


Throughout its history, medical technology has had 2 
fundamental missions. 'T'he first is to advance our basic 


knowledge about the body and the myriad factors that 
affect its health. Leeuwenhoek's microscope, Laennec's 
stethoscope, Roentgen's x-ray, Einthoven's electro- 
.cardiogram and the magnetic resonance imager are all 


technological advances that have led to new under- 


‘standings of the body’s ailments and new ways of 


treating them. | 
That forward momentum must continue. No one 


‘wants to participate in a medical industry in which the 


bounds of knowledge are already defined and the 
possibilities of improvement are limited. Advancing the 
state-of-the-art in medicine is a primary role of tech- 
nology—a mission that the research and development 
laboratories take seriously. I believe there is real concern 
in the government about how we will introduce 
new technology into the system; however, I am less 


. pessimistic than many others about the future of med- 


ical technology. | 
The second and even more important mission of 


medical technology is simply this: we must help make 
‘sick people better. If we cannot do that, we must make 
'what remains of their lives more comfortable. Renal 
‘dialysis, the electronic pacemaker and noninvasive 


. modalities like ultrasound have all contributed directly 


and immeasurably to the welfare of countless people. 
Neither medical suppliers, practitioners nor admin- 

istrators must forget what we are all about. If we lose 

sight of our primary mission— diagnosing and solving 
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. Such an approach requires improved productivity 


Several approaches to improve productivity, witt 
emphasis on the electronic and computer revolutloi 
that has been brought to medicine, are discussed 
In addition, it Is suggested that the use of technology 
gives medical staff more time to meet the persona 
needs of patients. 

(Am J Cardiol 1985;56:47C-49C 


‘medical problems—we risk becoming a self-servin; 


industry that treats patients as a curiosity of secondar: 
importance. 

But we must address other considerations as well, anc 
cost is certainly the greatest of them. If this natioi 
chooses not to devote an increasing portion of its re 
sources to health care, only 3 options remain. First, wi 
can reduce the quality of care but continue to treat thi 
entire population. Second, we can reduce the avail 
ability of services and make conscious, difficult deci 
sions about who receives care. 

Faced. with mushrooming health costs, the Unite 
Kingdom has been forced to adopt both of these options 
In that country, physicians deliberately and routinel 
withhold dialysis from older patients with kidney fail 
ure, even though 90% of the patients who receive suc! 
treatment survive. 

Compared with the United States, Britain has one 
sixth the number of computed tomography scanners pe 
capita, one-ninth the number of coronary artery bypas: 
operations, one-fourth the expenditure on cancer 
fighting drugs and less than one-fifth the number o 
ICU beds, and these are reserved only for those why 
have a full chance of recovery. “You must choose,’ 
threatens the headline of a recent article aimed at car 
diopulmonary technologists. That is, indeed, wha 
medical professionals have been forced to do in Britain 
and I do not envy their position. 

This leads me to the third option for the medical in 
dustry, and technology's role in it: improving the pro 
ductivity of the health care establishment. The goal o 


. medical cost containment should not be to ration a na 


tion’s health care resources. Rather, it should be to use 
them more efficiently, and technology can make ar 
exciting contribution. 
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| Productlvity In Health Care 
Productivity is typically defined as the amount of 


» input required to produce a given amount of output. If 


we are to maintain our current level of health care, 


lowering its cost means we must reduce the amount of 
. input required. Following classic industrial thinking, 


that means aliacikimg the biggest segment in the cost 


equation. 


In the health care industry, that segment is labor, 
which generally represents more than half of total costs. 
Thus, if we are going to control the rise in medical costs, 
we must direct our attention to the substitution of 
capital for labor, because the depreciation or amorti- 
zation expense will be lower than the. labor it 
replaces. 

This does not mean that technology should replace 


` an existing work force—getting rid of people and put- 


ting in machines. Rather, it means getting more results 


'from the people in the work force. 


Let me use our own experience at Hewlett-Packard 
to illustrate this point. During the past 5 years, Hew- 


lett-Packard has made a significant investment in in- 
formation technology. The amount of raw computing 
power available to employees has grown 10-fold. Pro- 


ductivity—dollar of sales per employed person—is at 


. an all-time high. Sales are growing more rapidly than 


employment. But employment has increased by 30,000 
since 1979. 

I firmly believe that improving the productivity of the 
people we already employ is the best way to ensure their 
future employment. Raising productivity means re- 
ducing costs. These, in turn, lead to increased demand. 
That means growth for an organization and more op- 
portunities for its employees. The demand for medical 
services in this country shows no sign of slowing down. 
Making health care more affordable is not going to put 
any medical professional out of a job. 

Thus, the first way technology can and will contribute 
to lower health care costs is to save the valuable time of 
health: care professionals. We see that happening in 


. countless ways. Two examples follow: | 
e New coronary angiography reporting stations allow 


cardiologists to use interactive computer graphics 
to incorporate findings into a generic diagram, 
producing in just 5 minutes a diagram that for- 
merly was laboriously sketched by hand. The new 
method is not only faster but more accurate. 
New critical care monitor/terminals provide sys- 
tem-wide alarm messages and immediate access to 
information for on-the-spot decision making, no 
matter where the nurse is located. Each terminal 
has the ability to survey all of the beds in the 
unit—up to 24—at any 1 time, thereby making it 
possible to do without a central surveillance sta- 
tion. Staff can be where they’re needed, not tied to 
a bank of monitors. 

It is interesting that a recent poll of nurses indicated 


~ 


that, although they are very busy, the majority of tasks 


they perform are not ministering to the ill. They are 
fulfilling various clerical and other functions that would 
not have been described as nursing 15 years ago. 


At Hewlett-Packard, we found the same thing to be 
true for what is, to us, a very scarce and expensive re- 
source—our research and development engineers. They 
were spending a great deal of their time in activities that 
couldn't really be classified as design work. Our solution: 
to provide them with productivity tools —including 
information retrieval, word processing and message- 


sending capabilities. The results have been improved: 


productivity and shorter design cycles. Both translate 
into lower costs. 

This is exactly the kind of thing that is happening at 
the nursing station. There, computers can now help the 
nurse keep track of patients, display all the information 
gained during that person's admission, enter any orders 
for services and materials and schedule those ser- 
vices—all without walking down the hall or generating 
a thousand little slips that have a tendency to get 
lost. 

The goal here is not to relieve the nurse of all clerical 
chores. Some come with the territory. Nor are we 
suggesting that the nurse will become some kind of 
computer guru. New technology will simply allow 
medical professionals to spend more time doing what 
they do best —making sick people better. 

Because the issue of technology's role in cost con- 
tainment inevitably boils down to dollars and cents 
saved, let me cite 2 examples from published reports: 


« At Likoff. Cardiovascular Institute in Philadelphia, - 


a Hewlett-Packard computerized electrocardio- 
gram management system has automated the 
processing cycle for the more than 100,000 elec- 
trocardiograms performed each year at this insti- 
tution. The result is a significant reduction in the 
turnaround time per test— from 24 hours to just 
4 minutes. Patient costs have been reduced by 
10%. 

At Fairview Hospital in Minneapolis, a Hewlett- 
Packard Care-Net critical care monitoring network 


has saved $54,000 per year in monitoring costs. The : 


computer-based system provides highly accurate 

vital sign data, eliminating the need to repeat 
procedures or revert to manual methods. 

So far, I have cited 1 major way that technology can 

and will contribute to lower medical costs—improved 

productivity of human resources, probably the biggest 


expense item in any health ádministrator's budget. Let 


me cite a second way industry is responding to the cost 
pressures faced by the health care industry: an increased 


emphasis on providing more cost-effective products. 


Here the electronics industry has a great story to tell. 
For the past 2 decades, the average price for a given 


electronic function has been declining by 30% annually. ` 


In other words, every 24 years, we can deliver twice the 
computational power per dollar of purchase price. 

In the 1970s, we translated those improvements into 
faster, more powerful technology, more features and 
more capability. In the 1980s, our emphasis has 


- changed. We are focusing on providing an equal amount 


of capability for a lower price. 
For example, in the 1970s a Hewlett-Packard 3- 
channel electrocardiogram instrument sold for $8,500. 


- 
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Today, it sells for $5,400. And that is not the only part 
of the cost equation. Support costs for the instrument 
are much less than for the previous model—-from 8% of 
purchase cost to only 5%. In the meantime, reliability 
has increased 3-fold. 

For those who may have to make decisions on 
purchasing medical technology in the future, the follow- 
ing are criteria that can be used in judging the respon- 
siveness of new equipment to the new era of cost 
constraints: 

+ It must save time and labor. 

` e. It must be reliable, both in terms of accuracy and 
of continuous performance. 
| e It must be versatile, capable of doing more than 1 
| task. 
e It must be compatible with existing and future 
| equipment. 
| e It must be able to grow to accommodate new tasks 
' and new demands. 
It must be easy to use. If staff has to spend a lot of 
time learning how to use a technology, it's not a 
productivity tool. | 
It should be easily customized to fit the particular 
circumstances of the facility that wants to use it. 
Perhaps most importantly, it must have the rec- 
ord-keeping and information-sharing capabilities 
that allow managment to judge its performance 
. A accountability, both in terms of quality and cost. 
| As a related issue, I. would like to present a vision of 
ihe future contribution technology can make in con- 
trolling health costs. It involves going 1 step further— 
beyond addressing the productivity gains of individuals, 
such as the productivity of a nurse.or the speed with 
which a doctor can create a cardiogram —and consid- 
ering the issue of organizational productivity. The fu- 
ture holds the very definite promise of comprehensive 
health care information systems that will both improve 
patient care and control costs. Such systems will com- 
bine a hospital's financial management with patient- 
care information and office needs. The less dollars spent 
on administration, the more that can be spent on pa- 
tient care. 
' Information gained during a patient's admission will 
automatically be checked against a patient-history file. 
It will then be immediately transmitted to patient ac- 
counting, order entry and medical records. The pa- 
tient-accounting functions will monitor accounts 
throughout their life cycle and retire them from the 
system as they are collected or written off. The correct 
‘insurance and diagnosis related group information will 
automatically be produced in bills and claim forms. 
Electronic mail will connect the various departments 
and medical stations. 
| This kind of integrated information-management 
| approach to health care is very close to being a reality. 
In fact, we are in the middle of installing a system that 





' has more than what I have just described. I cannot yet 
: quantify the dollar savings that will be realized, but I 


can use our own operations at Hewlett-Packard as an 
example of the kind of savings possible when an orga- 


nization effectively pools and uses its information. 


Years ago, the industry was at the stage that most 
hospitals are at now. We had individual pieces of tech- 
nology—instruments and computers—each of which 
was a valuable productivity tool when considered sep- 
arately. Yet we found that more could be gained from 


‘ linking the parts together to share information. Man- 


ufacturing needed to know what parts were being 
specified in the research labs. Production needed to 
know orders. They did not want to have a lot of inven- 
tory hanging around unused, but then again, they 


wanted enough to be able to meet shipment schedules. 


Over the past few years we have installed an increasingly 
capable communication network that links departments 
within our manufacturing divisions, and then links 
those divisions to our more than 240 sales and service 


_offices in some 75 countries around the world. 


Let me summarize the savings we have seen over the 
past 5 years through effective use of information in this 
system. We have been able to reduce our accounts re- 
ceivable—the backlog of processing more than 3 million 
orders each year—by $93 million. Inventory require- 
ments have been reduced by $216 million. At the same 
time, the quality of our products and services has vastly 
improved—and we had already started from a pretty 


high base of quality. 


I think the day of this kind of integrated information 
is just around the corner in health care. Our strategy is 
to make it a reality. We believe that quality prod- 
ucts—including medical care—can be cost-effective. Let 
me take that 1 step further: improving quality is the best 
way of reducing costs. 

One final point, still in the prophetic mode: in all of 


- the possible improvements outlined, in productivity, 


in cost and. in quality, technology was just a tool. Its 
effectiveness depends on the user. Technology will not 
compensate for sloppy practices in any organization. 
Indeed, it will make the mistakes all the more evident. 
Nor can technology substitute for the human part of the 
equation. No machine or piece of hardware can substi- 
tute for the nurse's warm, caring touch or soothing voice. 

If you ask a sick person what he needs to make him feel 
better, he's not going to ask for a room filled with 
monitors, intravenous poles, ventilators, a mass spec- 
trometer, tons of cables and—the latest invasion—a 
nurse's workstation that resembles a personal computer. 
What he wants is a room that resembles his bedroom at 
home or at least a nice hotel. And what he wants to see 


.and hear are people, not machines. 


To borrow a phrase from John Naisbitt's "Mega- 
trends," we must accompany “high tech" with “high 
touch." If technology's role is truly to help sick people 
get well or to improve the quality of what remains of 
their lives, then we must make technology as inobtrusive 
and noninvasive as possible. 

That understanding is as firmly ingrained in our 
laboratory engineers as is the urgency of controlling 
costs. We believe that high tech is compatible with 
high touch. We are convinced that increased quality 
is compatible with decreased costs. Technology is the 
tool available to.us; it is up to us to go and make it 
happen. 


Future Trends in the Economics 
_ of Medical Practice and Care 


A revolution Is taking place in the American health 
care Industry. The basis for these changes is the 
rapid escalation of health care costs to nearly 11% 
of our gross national product. The changes have 
caused a controversy regarding whether cost con- 
talnment reduces the quality of medical care. Our 
esent system was built on the premise that the 
ighest quality of health care could be delivered to 
all fairly and without any form of rationing. This has 
led to a massive growth In facilities and the number 
of physicians. In simple economic terms the market 
factors in the environment should have lowered the 
cost of care. However, the cost of care has in- 
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creased even more rapidly than expected. H seems 
likely that older economic principles must be 
abandoned to control costs. Price competition, 
preferred providers and more efficient hospitals 
must all be encouraged. Overutilization of care must 
be discouraged by proper incentives, and over- 
pricing by physicians may require fixed cost relm- 
bursement. Two-tiered health care dellvery will 
develop and small segments of the population may 


recelve a lower quality of care. Rationing of care | 


may be a simple alternative. 


(Am J Cardiol 1985;56:50C-59C) 





The American health care sector today finds itself in the 
midst of a revolution that has cast health care providers 
and policymakers onto opposite sides of a battle line. 
Providers believe that policymakers seek to constrain 
health care expenditures without any regard to the 
quality of care. Policymakers, on the other hand, believe 
that the providers’ manifest concern over quality is just 
a smokescreen put up to defend reckless spending (and 
opulent life-styles) without regard to economic effi- 
ciency. At the moment there are recriminations all 
around and nary an attempt at constructive dialogue. 
The current battle follows a decade or two of dreams 
and delusions during which both parties to the fray 
seem to have believed sincerely that a nation that defied 
the law of gravity to go to the moon could also defy the 
most fundamental laws of economics. We thought 


health care could be distributed fairly without any form 


of rationing. 

If one were to describe the thrust of American health 
policy during the past 2 decades, one could say that 
Americans sought to develop a health care system that 
would, simultaneously: 
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e obviate the ised to ration health c care by price and |. 


patients' ability to pay; 

obviate the need to ration health care by queue; : 

« obviate the need to ration health care by adminis- 
irative decree; 

e obviate the need to influence the behavior of pa- 
tients and health care providers through govern- 
ment regulation; 


health care; 

e encourage patients and providers to use health care 

resources efficiently. 

In reality, of course, that wish list was never . fully 
achieved. There always was some rationing by price and 
ability to pay, there always was some rationing by queue 
and there always was some sporadic, faint-hearted 
government regulation. The point is that none of 
these— particularly government regulation—was ever 


^X viewed as acceptable and that the search continued for 


the perfect system. In the end, *the market" came to be 


viewed as the embodiment of the wish list, and we em- . 


braced that with customary enthusiasm. : 

To anyone familiar with the rudiments of economics, 
this wish list must appear both touching and troubling. 
It is touching because it seems so exuberantly well- 
intentioned. It is troubling because it adds up to an act 
of self-delusion. That delusion has been that the nation 


encourage the development of technological 
advances in medicine and their rapid diffusion in, 
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could sidestep the need to ration health care by one 
means or another. It is just silly to believe that. 

Grand delusions of this sort inevitably evoke rancor 

when reality finally intrudes upon them. In the present 
instance, the reality is a health care system that is one 
of the most expensive in the world, that at its best may 
well be unrivaled in the world, but that, at the bottom 
fringe of our nation’s income distribution, is beginning 
to generate such disgraceful vignettes as the following, 
all taken from reputable sources: 

e A woman enters a private hospital to give birth. In 
the delivery room, she mentions to her doctor that 
her husband has recently lost his job and with it, 
his health insurance. Whereupon the doctor sends 
her—in midlabor——to the county hospital catering 

: to the area's poorer residents! 

| e A public clinic refers a desperately ill baby to a 

| regional medical center for treatment. The baby's 
' parents are indigents and have no family doctor. 
After waiting in the medical center's emergency 
room for 4 hours, the baby is finally admitted by 
a radiologist. The pediatrician on call had refused 
to treat the baby on the grounds that he did not 
want to serve as back-up for a "free clinic." The 
baby dies a few hours after admission.? 
À 35-year-old woman sustains massive trauma in 
an automobile accident. À primary care physician 
stabilizes her and seeks to refer her to the care of 
a neurosurgeon at the tertiary care center of a pri- 
vately endowed university. When the neurosurgeon 


hears that the patient has no insurance coverage, | 


he refuses to accept the transfer, because he had 
previously gotten into trouble with the hospital 
administration over his admission of a critically ill, 
uninsured patient.? 
* A woman is 2 months pregnant when doctors tell 
her that complications require surgery. She and her 
husband, who earns $9,600 a year at a tire-service 
center, do not have the $500 down payment that 
uninsured patients must make before admission 
at the nearby hospital. A month passes before tlie 
money is raised. In the meantime, the woman 
bleeds internally and suffers a great deal of 
pain.^ 
A pediatrician in a Rock Hill, South Carolina, 
hospital wants to transfer a comatose 3-year-old 
girl to a better equipped urban medical center. But 
her family has no health insurance, and 2 hospitals 
refuse to take her. A hospital 100 miles away finally 
accepts her.® 
Were these occurrences not so deadly serious, one 
could not help but be amused by the contemporary 
antics of our health care sector. It is a sector perfectly 
capable of spawning, on the same day and in the same 
city, parallel conferences with the following titles: 
e Rationing of health resources and the quality of 
care 
e The physician surplus and its implication for the 
quality of patient care 
e The problem of excess capacity in the hospital 
sector. 


In the remainder of this article I shall speculate on 
how a nation that prides itself on “Yankee ingenuity” 
has come to find itself perplexed by the necessity of 
rationing resources of which it has too many. I shall 
argue that our problem is not, in the first instance, an 
economic one, but chiefly a moral one. Unlike most 
other nations in the industrialized world, we have not 
yet reached a consensus on the ethical precepts to be 
imposed on the production and distribution of health 
care. Unfortunately, to this day we have not mustered 
the courage to broach this troublesome issue in open 
debate. And therein has lain the impotence and the 
confusion of our nation’s health policy. 

It is customary to conclude essays of this sort with 
“viable policy recommendations." I shall offer none, 
precisely because I would not know at this time on which 
set of ethical precepts to erect such recommendations. 
If I were to offer one recommendation, it would be that 
we muster the courage at long last to discuss these eth- 
ical precepts. The issue can no longer be swept under 
the rug. It is simply a waste of time to fashion recom- 
mendations for action in an ethical vacuum. The Rube 
Goldberg contraption we call American health policy 
proves my point. 


Competing Goals in Health Care 


The American wish list set forth previously can be 
distilled into 3 distinct goals that one may pose for a 
nation's health system: 

e that the health system provide all citizens “equal 

access"; 

e that the providers of health services be free from 
government interference in decisions about pro- 
ducing and delivering health services and how to 
price these services; 

e that the health system provide all citizens “equal 
access"; 

Figure 1 presents these goals in the form of a grid. 

An argument implicit herein is that, ever since man- 
kind's fall from grace, we are allowed to attain any two 
of these goals in their purity, but not all three. We are 
forced to choose pairs of these goals, or we must muddle 
through with imperfect attainment of all three. 

Most industrialized nations have tended towards the 
second row of Figure 1. They have put a high premium 
on what they refer to as “solidarity.” In the context of 
health care, this term implies that there be health care 
of a politically determined level of quality available to 
all citizens on dignified terms. What is meant by “‘dig- 
nified access" is that access to that health care is a basic 
right, regardless of ability to pay. 

To pursue this goal and to exercise control over 
health care expenditures, these societies have found it 
necessary to constrain at least the economic decisions 
of health care providers, and sometimes even their 
medical decisions. In neighboring Canada, for example, 
physicians are bound to predetermined, negotiated fee 
schedules, and hospitals must operate within prede- 
termined, global budgets. Within these constraints, 
however, both types of providers are free to practice 
medicine as they see fit. By contrast, in England and in 
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several Scandinavian countries, there are, in addition, 
direct constraints on the style of medical practice. 

Because of the constraint these nations place upon 
their health care providers, they have been able to 
guarantee every person access to a broad range of health 
Services, spending in the process a much smaller per- 
centage of their gross national product on health care 
than does the United States. In Canada, for example, 
that percentage has been about 896 (Fig. 2); in England, 
it is about 6%. In France, it is about 8% and in West 
Germany, about 9.5%. In the United States, it is now 
close to 11%. 

It must be added that in almost all countries with 
national health insurance, a small percentage of well- 
to-do individuals do opt out of the nationalized system 
to procure health care on a private basis. In the United 
Kingdom, for example, about 5% of the population 
chose that route. The percentages are similar in West 
Germany, France and the Scandinavian countries. In 
Canada that percentage is miniscule. By and large, then, 
it is accurate to say that for the overwhelming majority 
(usually more than 90% of the population), countries 
with national health insurance systems guarantee access 
to a 1-tier health system as a matter of basic right and 
without any regard to ability to pay. The problem of 
“uncompensated indigent care" simply does not arise 
in these countries. 

It must also be added that nations with national 
health insurance systems have found it necessary to 
encrust their systems in fairly rigid codes. In contrast 
to the United States, where innovation in the delivery 
of health care is the order of the day, these nations can 
hardly be said to be innovative in the organization of 
health services. The high degree of egalitarianism es- 


poused by these nations does come at a price. That price 
may even include lower clinical quality of health 
care—as U.S. observers are wont to argue—although 
that belief is not universally shared. West German 
physicians, for example, claim for their country the title 
of “best health care in the world." . 

During the decades following World War II, repeated 
attempts were made to introduce a national health in- 
surance system in the U.S. These attempts failed. The 
American people were warned by health care provid- 
-ers—physicians prominent among them—that national 
health insurance represented “socialized medicine” and 
would inevitably lead to expensive, low-quality care. 
Many other commentators, health economists promi- 
nent among them, concurred with this prognosis. “If you 
like our postal system,” they argued, “‘you’ll just love 
national health insurance.” So far, this line of reasoning 
has carried the day in this country’s political arena and, 
for better or for worse, it will continue for at least the 
remainder of this decade, if not this century. | 

An objective policy analyst cannot naysay such a so- 
cial choice, as long as its consequences are clearly rec- 
ognized and accepted. But are they? One suspects that 
health economists arguing against national health in- 
surance knew full well that they were tacitly advocating 
a 2- or multi-tiered health system in which health care 
would be rationed at least in part by patients’ ability to 
pay. Economists have no problem with such a world 
because they deem it efficient and, one suspects, be- 
cause they tend to fare well in it themselves. But did our 
health care providers fully appreciate the implication 
of their own political rhetoric? 

Judging by that rhetoric—‘‘the best health care for 
all Americans" and so on—it would appear that our 
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providers sincerely believed in the feasibility of row 1 _ 


of Figure 1—a paradisiacal dreamworld in which phy- 
sicians, hospitals and patients would be free to select the 
treatment for a given medical condition, leaving it to 
someone else tactfully to pick up the tab, without ever 


raising questions about thé composition of that treat- ` 


ment or the prices charged for the services going into 
that treatment. To raise questions about either the 
treatment or its cost, it was held, would be an intolerable 
intrusion of bureaucrats into the patient-provider re- 
lationship. It was deemed un-American. In other words, 
U.S. health care providers appear to have persuaded 
themselves and their allies in sundry legislatures that 
one could actually extract a perfectly egalitarian dis- 
tribution of health services from a perfectly libertarian 
production system! 

And libertarian that system has been, the perennial 
laments by health care providers over government 
regulation notwithstanding. For example, the U.S. is 
virtually the only country in the world in which the in- 
dividual physician is still free to set his or her fees at will, 
on a patient-by-patient basis, subject only to the con- 
straint of the marketplace. Not surprisingly, the fees 
charged by American physicians are high, as can be in- 
ferred from the comparative data in T'able I. On average, 
physicians in Canada are paid only about a third of the 
fees customary in the U.S. for similar procedures. Table 
I makes a point often overlooked in our debate on health 
policy. Our system not only encourages the massive 
application of real resources to those medical cases it 
accepts for treatment, it also makes rather generous 
money transfers per unit of real resource (e.g., per hour 
of physician time) to the owners of these real re- 
SOUICeS. 
` By international standards, the U.S. hospital, too, has 


been remarkably unfettered. In most other countries, - 


the individual hospital is subject to fairly strict regional 
planning, and its revenues are constrained ex ante 
through fixed per diem rates or prospective. global 
budgets. No other country has been content to reim- 
burse hospitals on a passive, full-cost retrospective 
basis, as had been the case in the U.S. throughout the 


1970s. To be sure, there were some feeble attempts in | 


the U.S. to regulate capital formation in the hospital 
sector or to disallow certain hospital charges. By and 
large, however, one would not be amiss in describing the 
social contract with U.S. health care providers during 
ithe 1970s in this way: 


To the extent that health services were insured, 

third-party payors (both private and public) told 
| providers to do for the.patient whatever they 
deemed appropriate and, thereafter, to go to a col- 
lective insurance treasury, there to scoop up what- 
! ever monetary reward they, the providers, deemed 
' “customary” and “reasonable.” 


That this arrangement turned out to be expensive 
' should surprise none but the hopelessly naive. Indeed, 


what may surprise one is that the arrangement did not 


cost more! One need only imagine what regular busi- 


TABLE | 


‘Comparison of U.S. and Canadian Medical Fees- 
1984 
Prevalling Charges n EE 
Under Medicare Fees Ontario, 
(California) U.S. | Canada 
Electrocardiogram $40 $35 $7 
(professionali 
charges only) . c 
` insertion of a " $1,815 $1,200 $334 
pacemaker M 
Appendectomy $734 $600 $259 
Extraction of lens $1,341 ated $368 
Hysterectomy $1,393 . $901 $503 


Source: U. E. Reinhardt, "The Compensation of Physicians: Ap- 
proaches Abroad," January 1985. 


nesses or, say, investment banks would have done had 


they been issued a key to sundry collective treasuries. 
(We can get a clue by observing the behavior of defense 
contractors.) What, one may ask, stopped the system 
from going through the roof altogether? : 

One explanation might be that our health care pro- 
viders truly have been reasonable—that they were 
driven by other than pecuniary motives and thus saved 
the treasury from earlier exhaustion. Àn equally and 
perhaps more compelling answer, however, is that long 
before health care éxpenditures had a chance to go 
through the roof, parts of the U.S. health care sector 
veered from its drive toward the paradisiacal row 1 


- of Figure 1 straight down into row 3 (the market ap- 


proach). Even during the heyday of the Great Society, 
the U.S. never did depart fully from rationing health 


UNITED STATES : 


1980 1»45 1475 1975 1900 1 2 
YEAR 


FIGURE 2. Health expenditures as percentages of gross national 
products in Canada and the United States from 1960 to 1982. 1981 and 
1982 percentages are provisional for Canada. Reprinted with permission 
from National Health Expenditures in Canada, 1970—82. Ottowa: De- 
partment of Natipnal Health and Welfare, 1983: 9. 
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TABLE li Percentage of Individuals Without Health Insurance In the U.S.-1977 


income, Number of 
Adjusted Persons 

for Family Size (thousands) 
Poor 26,534 
Near poor . 9,320 
. Other low income 34,270 
` Middle income 78,455 
: High Income 63,519 
All incomes 212,098 


Percentage in Income Group Uninsured 


Some of the Time Always 
(%) (%) 
13.6 14.5 
11.4 14.0 
9.9 12.3 
6.4 7.6 
4.8 4.9 
7.6 8.7 


Source: Natlonal Center for Health Services Research, National Medical Expenditure Survey, 1977. 


TABLE Ill Health Expenditures by Source of Payment 
(Sample of 14,000 U.S. Families-1977) 


Percentage of Bill Pald by 


Farnlly, Third Party 
Out-of-Pocket (Insurance or Other) 
Type of Service (%) (%) 
Ambulatory physician 59 41 
care — i 
- All physician services 34 66 
Dental services l 80 20 
Prescribed medicine 80 20 
Repair of glasses and 91 9 
contact lenses l 
Medical appliances and 79 21 
piles  . 
Inpatient hospital care 12 88 
(excluding physician 
service) 


Source: Kasper et al, "Expenditures for Personal Health Services.” 
Findings from the 1977 National Medical Expenditures Survey. Paper 
presented at the Annual Meeting of the American Public Health Asso- 
clation, November 1980. 


care by price and private household budgets, as other 
natioris had done long before. In fact, Americans are far 


less extensively insured for health care expenditures : 


than seems widely supposed. Tables II to IV speak to 
this point. 

- As these tables indicate, only hospital services are 
more or less fully insured in the U.S. But hospital ser- 
vices constitute slightly less than half of total national 
health caré expenditures. By contrast, ambulatory 
physician services are rather poorly insured. On average, 


patients appear to pay about 60% of expenditures on ` 


ambulatory physician services directly out-of-pocket. 
Dental care, prescription drugs and other health services 
are even less well covered. Overall, American patients 
. Still pay for about a third of their health care directly 
out-of-pocket at point of service. Thus, it is simply not 
correct to assert that price no longer plays a role in the 
distribution of health services in the U.S. 

Many Americans have no health insurance coverage 
whatsoever. The actual number of such persons tends to 
fluctuate over time with economic conditions; because 
it is a feature of our economic order that employees who 
lose their jobs typically lose their health insurance 
coverage as well. As a rule of thumb, however, one can 
say that roughly 10 to 12% of the U.S. population—or 
between 22 to 25 million people—are without any health 
insurance coverage at any point in time. The bulk of 
these uninsured belong to low-income households. 


If poor, uninsured persons fall seriously ill we do not, 
of course, shoot them like sick horses. Usually we treat 
them, whereafter we try to recover the cost of their 
treatment first from them and, failing that, from other 
paying patients via a process known to health care 
providers as “cost shifting.” A distinguishing feature of 
this approach—one that separates the U.S. from vir- 
tually all other nations on earth—is that the uninsured 
receive such care in the form of unpredictable noblesse 
oblige on the part of some provider, rather than as a 
matter of entitlement. Depending upon one’s social 
ethics, one may or may not judge access to health care 
on these terms “dignified.” In any event, the very nature 
of this noblesse oblige is apt to have acted as a rationing 
mechanism in American health care. 

This peculiar and uniquely American approach to 
indigent care was kept ethically bearable as long as the 
reimbursement system for paying patients was so 
operi-ended that the cost of treating the uninsured poor 
could easily be passed on to the paying patients. This 
now much maligned process of cost shifting actually 
served as the fig leaf that covered up what would have 
otherwise revealed itself to the world as a national dis- 
grace. 

The fig leaf, alas, appears to be slipping. It is pum 
dislodged by the price-competitive pressures now be- 
ginning to manifest themselves in U.S. health care: The 
days of passive, full-cost retrospective reimbursement 
for hospital services and of “usual, customary and rea- 
sonable” (UCR).compensation of physicians are num- 


. bered. Gone is the era when Americans trusted health 


care providers so freely with the nation’s resources.  . 

As of October 1983, the Medicare program has begun 
to compensate hospitals at prospectively set, nationwide 
administered price per medical case on a take-it-or- 
leave-it basis (the diagnosis related group [DRG] sys- 
tem). It is a safe bet that before long the program will 
also scrap the time-hallowed UCR system and com- 
pensate physicians on the basis of fixed fee schedules 
or even on the basis of medical cases. It is possible that 
the DRG system for hospital care will eventually give 
way to an alternative, simpler method of compensating 
liospitals—perhaps to predetermined per diems or even 
to global budgets. In any event, it is a safe bet that any 
such system will be prospective and based on regional 
averages that abstract from the individual hospital’s 
own cost experience. 

The private health insurance sector will follow suit 
in this reimbursement reform. After all, behind that 


t 
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TABLE IV Total Health Care Expenditures for Persons Aged 65 and Over by Source- 








Private , _, Public 
Medicare Medicaid Other 
(%) (%) | (%) (?6) 
Total expenditures (In billions) $83.2 36 |. 45 14 5 
Hospital care $36.6 14 74 4 8 
Physician care $15.6 42 55 3 nee 
and sundries $ 5.1 82 ux 16 2 





Source: U.S. Senate, S 
The Extent and Effect of 


sector stands the business community, which now ab- 
sorbs about $100 billion annually in health care ex- 
penditures through employer-paid health insurance 
premiums for employees. Until very recently, the 
business community paid scant attention to this line 
item in its budgets. It was therefore quite easy to pass 
most of the cost of treating the uninsured indigents onto 
the business community’s payroll accounts via com- 
mercial health insurance premiums. For this type of cost 
shifting the days seem numbered as well. More and 
more businesses now actively seek to extract price 
concessions from health care providers through ar- 
rangements known as preferred provider organizations 
(PPOs). Under these arrangements, employees are 
steered, through financial incentives, toward “pre- 
ferred" providers who have agreed to make price con- 
cessions and, typically also, to exercise economy in the 
prescription of medical procedures. 

Where PPOs fail to yield the desired economies, the 
business sector can always resort to the ultimate weapon 
in its cost containment arsenal: contracts with health 
maintenance organizations (HMOs) under which the 
HMO agrees to deliver comprehensive health services 
in exchange for a flat prepaid annual fee per patient at 
risk. Under the Tax Equity and Fiscal Responsibility 
Act of 1982, prepaid capitation contracts with HMOs 
were legitimized for the federal Medicare program as 
well. Where that approach is based on price-competitive 
. bids among competing HMOs in the area, it constitutes 
the ultimate flexing of market muscles by the pur- 
chasers of health services. l 

Whatever the particular acronyms in this medical 
‘alphabet soup may be, their objective is always the 
same: so-called “prudent purchasers” of health services 
‘with market power seek to extract price concessions 


from providers so that the prices paid are above incre- - 


| mental costs but below fully allocated costs. The name 
'of the game is to convert the payment for ail health 
'gervices—not just the cost of indigent care—into a hot 
potato, so to speak, which is passed on from one payor 
| to the other through the process of “price discrimina- 
! tion" (a.k.a. cost shifting). 
Price discrimination is a strategy by which payment 
' for the fixed costs (and profits) of producing a good or 
| service is extracted predominantly from those pur- 
. chasers who are unable to resist higher prices. It is a 
| strategy of “greasing the wheel that squeaks the loudest 
: and of plucking the goose that squeaks the least.” Such 
a policy is a natural feature of a price-competitive 


ial Committee on Aging, Medicare and the Health Costs of Oider Americans: 
Sharing; 98th Congress, 2nd Session; Washington, D.C., 1984; 2. 


market in which the fixed costs of producers are high in 
relation to variable costs—even if only in the short 
run—and in which consumers cannot resell the services 
produced. Airlines and hotels widely practice this 
pricing strategy. It will be a prevalent feature of U.S. 
health care in the future. 

Because there must be a limit to the ability of even 
weak purchasers of health care to absorb costs shifted 
their way, however, the purchasers of health care clearly 
seem bent on collectively transferring fewer dollars from 
the rest of society to health care providers as a group, 


. leaving the providers to fight among themselves for their 


share of the reduced, aggregate transfer. It is not a 
pastoral world and not one in which nice providers 
necessarily finish first. Furthermore, the game is bound 
to squeeze out the erstwhile cross-subsidies by which 
paying patients were made to cover the cost of treating 


‘indigent patients and by which American society as- 


sumed the appearance of decency. 

The irony inherent in this development is not easily 
overlooked. Having led the good fight against “social- 
ized medicine” for 3 long decades, our providers of 
health care seem to have backed into that meat grinder 
otherwise known as the price-competitive health care 
market. It is a new world, one in which health services 
are “product lines,” patients are “customers” and health 
care providers are forced to behave like regular com- 
mercial enterprises merely to survive. Physicians, in 


- particular, seem to be bewildered and alarmed by this - 


turn of events, for they are learning quickly the general 
definition of a competitive market: it is an arrangement 
whereby the provider’s life is made tough so that con- 
sumers can live comfortably and cheaply. But what else 
did physicians expect when they fought national health 
insurance? Did they really believe in 1 the reconstruction 
of paradise? 


Price Competition ind the Quality of Health Care 


'The fact that we have driven up the cost of health care 
to the point that we are now reluctant to purchase that 
expensive commodity for our poorer brethren can be 
explained, in part, by the awesome rhetorical arsenal 
available to health care providers in the political arena. 
In the face of any proposal to control the cost of health 
care, our providers merely needed to hurl across the 
appropriate legislative chamber two concepts to have 
our policymakers run for cover. These verbal projectiles 
were “the quality of patient care” and “2-tier health 
care.” Cost control, it was argued, would inevitably re- 
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duce the quality of patient care. Wealthy Americans 
would use money to bribe their way around cost control 
. barriers to high-quality care. Consequently, only the 
poor would put up with the constrained lower quality: 


tier. Because 2-tier health care is un-American, went the 


final blow, clearly so must be cost containment. Far 


better, argued our health care providers, to keep the 
system open and affordable through “voluntary cost 


' containment efforts” on their part. Utterly persuaded 


by this line of reasoning, Congress bought “voluntary 


efforts” of various sorts, and also appropriated ever ` 
-larger sums of tax monies to pay for them. 


For over a decade, these rhetorical weapons reigned 
supreme, devastating even the feeblest attempt at cost 
containment. In the hard-nosed climate of the 1980s, 


however, the themes from the 1970s are losing their - 


punch. Rather than simply hurling such slogans at the 
legislators’ viscera, our providers now had better learn 
to discourse intelligently on such terms as “quality” and 
2-tier health care, lest their concerns in this area be 


E overlooked altogether. After all, thoughtful persons 


have long appreciated that there is no tight link between 
health care expenditures and the quality of a health care 
system. Figure 3 serves to clarify this point. 

As had already been alluded to in Table I, in thinking 


- about the cost of health care a distinction must be made 


between the real-resource costs of treating patients and 


^ the monetary transfers occasioned by the treatment. 


| 


I 
H 


The real-resource costs of a treatment consist of time 
physicians and other health workers devote to it, and 


-of supplies, equipment, brick and mortar used up in the 


process. The monetary costs are measured by the 
amount of money patients directly or indirectly funnel 


- to the owners of these real resources. Clearly, these. 


monetary costs can rise without a commensurate in- 


` crease in real-resource costs. For example, if a cardiac 


surgeon decides to raise his or her fee for a coronary 


bypass from $5,000 to $8,000, only the monetary cost `’ 


of the treatment rises; its real resource cost does not. 


This fine distinction does not always seem as well un- 


derstood as it should be in debates on health policy. 


TRANSFER OF MONEY 





TRANSFER OF REAL RESOURCES 


FIGURE 3. Real-resource transfers and money transfers in health 
' care. ; 


~- 


To continue with our example, suppose that a cost 
containment measure sought to reduce expenditures on 
coronary bypasses. If the first impact of the measure 
were to roll back the physician’s fee from $8,000 to 
$5,000, that physician’s immediate response would be 
apt to be that the “quality of patient care” will suffer. 
Consider that the American Medical Association re- 
cently argued that the fee-freeze imposed by the Med- © 
icare program “has forced the nation into a 2-tier system 
of medical care in which Medicare patients have become 

‘second class citizens.’ "5 What precisely is the public 
being told here about the professional ethics of Ameri- 
can medicine? 

Is it the thrust of this argument that, for a mere. 
$5,000 per coronary bypass, the physician will do a 
sloppier job than he or she would for $8,000? Or is the’ 
point that the physician will henceforth reject any pa- 
tient who cannot come up with the desired $8,000 in 
cash and that the patient will thereby be deprived of the 


_ physician's (presumably superior) skill? This question 
‘is raised here not so much to nettle as to alert the au- 


thors of such statements to the dubious image they 
thereby project: it 1s the image of a profession that needs: 
to be rewarded with cold cash for every bit of good it 
does, and whose professional ethic has a monetary price! 
Far better to argue that a constraint on physician fees 
violates principles of a free society, or that prevailing 
fees under Medicare are low relative to, say, the fees 
paid bond lawyers for their simple, routine work. 

Let us next go beyond mere monetary transfers per 
unit of health service to the real-resource input per 
medical case treated. Can we take it for granted that any 
reduction in the real-resource input of medical treat- 
ment necessarily entails a reduction in the quality of 
care? That there may be such a consequence can be 
taken for granted. But will it necessarily be so? 

For most medical cases, the relationship between 
quality and cost probably traces out a backward- 
bending curve such as that shown in Figure 4. Shown on : 
the vertical axis of Figure 4 is the total real-resource cost . 
of treating a particular case at alternative levels of 
"clinical quality," the latter being represented by the 
horizontal axis. Clinical quality in this context means 
the probability of recuperating from the condition to a 
given degree. It can be thought that, up to a point (point 
B in the diagram), increasing resource inputs (e.g., di- 
agnostic procedures) will enhance the clinical quality 
of care, albeit at a diminishing rate of increase. Even- . 
tually, however, there must come a point at which fur- 
ther expenditures in resource costs cannot yield further 
increments in clinical quality. Between points B and A 


.in Figure 4, for example, costs have increased without 
. adding to the clinical quality of care. There may even 


come a point at which further resource input harms the 
patient. In Figure 4, that state of affairs is reached on 
line segment À to D and beyond. 

Let us assume that the cost-quality trade-off curve 


in Figure 4 has been pushed as fer to the right as the 


current state-of-the-art permits. We may then raise the 
following two questions in connection with the argu- 


ment that cost.containment inevitably implies a dimi- _ 


nution in the quality of patient care: 





US 


(1) Is it alleged by those who make this case that our 
health system typically finds itself at a point such 
as B in Figure 4; that is, that our health sector 
never did expand beyond a point of trivial or zero 
marginal returns? | 

(2) Even if that were so, would reduction in quality 

from point B to, say, point C, necessarily be un- 
ethical?  : 

Health care is a commodity whose technical quality 
is not easily assessed by lay patients. Furthermore, as 
noted, the cost of some types of health services—e.g., 
hospital care—is quite well insured for most Ámericans. 
Finally, it is a fact that our health system is increasingly 
beset by excess hospital capacity and by a surplus of 
physicians. Under these circumstances a move from, 


say, point B to point À in Figure 4 can certainly not be . 


ruled out a priori. Because one person's health care 
expenditure is always some provider's health care in- 
come, a move from B to À in Figure 4 can enhance the 
provider's quality of life—even if it does nothing to 
enhance the clinical quality of care received by the pa- 
tient. One need not be a misanthrope to believe that 
fiscally hard-pressed providers will be responsive to this 
economic opportunity. One need merely assume that, 
like everybody else, health care providers are human. 

That this assumption is widely shared in the U.S. can 

be inferred from the ever increasing popularity of pre- 
pàid capitation for comprehensive health services, an 
approach that has found favor not only among legisla- 
tors, but also in the business community. Whatever 
polite introduction the advocates of prepaid capitation 
may give to that approach, they clearly are persuaded 
that the financial rewards providers derive from com- 
posing medical treatments strongly influence that 
composition—that our health care system has moved 
much beyond point B in Figure 4 and up the vertical leg 
of the cost-quality trade-off. 

Let us now turn to the. question of whether it is ever 
ethically acceptable to reduce health care expenditures 
‘when such actions demonstrably lower the clinical 
| quality of care. In terms of the cost-quality trade-off 
‘curve in Figure 4, the question is whether a move from 
' point B to, say, point C would ever be ethically defen- 
sible. Concretely, such a move might mean that one 
, permits increases in the number of deaths per 100,000 
: admissions for a given illness merely to save money. 

Actually, as individual consumers and as a body 
| politic, we constantly make trade-offs of this sort, 

without any ethical pangs. As consumers, for example, 
we may.opt for small cars to save money even if that 
increases our risk of injury or death in traffic accidents. 
Similarly, our legislative bodies routinely refuse funds 
for projects that might save lives. For example, a town 
' council may vote against outlays for better street 
lighting, fully aware that a number of traffic fatalities 
can eventually be attributed to that vote. One could 


-— w 


‘ Imagine that, on balance, additional lives would be 
. saved if funds were reallocated from the town’s hospital 
to its road department. 


Health care providers find it difficult to apply that 


| line of reasoning to their own context, and for good 
' reasons. First, they are expressly trained to fight at all 
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costs for their patients’ lives. Second, while detached 
policy analysts may find it easy to discourse upon the 
value of life from a safe distance, no one has yet given 
the individual physician a publicly sanctioned set of 
guidelines under which to make cost-quality trade-offs 
at the patient’s bedside. So far, society has delicately 
preferred to leave that matter to the physician’s own 
conscience and judgment. In other words, physicians 
can’ legitimately claim that, while they are perfectly 
capable, intellectually, to follow the economist’s stylized 
illustrations of trade-offs between lives saved on the 
highways and lives saved in the hospital, as physicians 
they really do not know how to act on these illustrations 
at the patient’s bedside. As policy analysts we should, 
perhaps, admit that our exhortations on these trade-offs 
have not been particularly well thought out. 

The providers of health care must reckon with the 
prospect that society will increasingly both flagellate. 
them over health care costs and saddle them with eth- . 
ical dilemmas no politician (and possibly not even most 
economists) would have the courage to face in the 
trenches. With their votes in federal, state and local 


elections, U.S. taxpayers seem to be signaling more 


clearly than ever before that they do not wish to be their 
poorer brethren’s (financial) keepers. They would prefer 
health care providers to fill that role, as the providers 
have in the past, and they (or the media) stand ready to 
complain whenever a provider fails in that role. Un- | 
fortunately, no one seems to have figured out how pro- 
viders can act on our noble sentiments without explicit 
compensation for their labors. So far, we have left that 
problem to the providers as well. 


Toward Humane Two-Tier Health Care 
for Americans 


Americans often express misgivings over the rationing 
of health care in other nations, particularly in Great 


the real- 
resource 
costs of 
a treatment 





the maximum 
atteinable 
levei of cli- 
nical quaiity 





the clinical 
quality of a 
treatment 


FIGURE 4. Hypothetical trade-off between clinical quality and cost. 
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. Britain. It is always pointed out that rationing of this 
- sort is the inevitable outcome of “socialized medi- 


cine." 
= Rationing in Great Britain has 2 stages. The first 
stage is a political consensus on the overall resource 


: constraint to be imposed upon the health care sector. 


That political decision determines the physical capacity 
available for health care. T'he second stage occurs at the 
level of medical practice. As the process is described by 
Henry J. Aaron and William B. Schwartz in “The 


- Painful Prescription: Rationing Hospital Care" (1983), 


the allocation of scarce physical resources to patients 
is made by the medical profession. By and large, that 
allocation seems to have the respect of the populace. 
Rationing of health care in the U.S. is quite different, 
because it grows out of a different approach to resource 
allocation. Physical resources, including manpower, can 
flow freely into our health sector. Furthermore, their 


'. owners enjoy a high degree of freedom to deploy these 
- resources as they see fit. As was noted in the introduc- 


tion, the flow of these resources has been vigorous, 
particularly during the decades in which this nation 
flirted with the costly idea of extracting an egalitarian 
distribution of health care from its libertarian delivery 


- system. By now this attempt has driven up the cost of 


health care to a point at which we no longer wish to be- 
stow it freely on all our fellow citizens. Consequently, 
we now face the problem of rationing access to health 
resources that are in abundance if not in surplus. It is 
one thing to explain to patients that they cannot have 
a particular procedure because there just is not the 
equipment to perform it. It is quite another to deny the 
procedure within sight of unused equipment and strictly 
with appeal to someone's money budget. One might call 


it rationing of a higher order— "higher order" because 


its implemenation in the trenches requires a special kind 
of fortitude. These two different styles of rationing grow 
out of two fundamentally different perceptions of the 
role of health care in a society. 

In the Canadian and European nations, health care 
tends to be viewed as a community service whose pro- 
vision and financing is ultimately the responsibility of 
the public sector. Access to health care is granted each 


citizen as a matter of right, to foster the sense of soli- 


darity these nations consider an essential cornerstone 
of nationhood. To that end, the financing of health care 
is completely divorced from actuarial principles. The 
individual’s financial contribution to health care is 
strictly a function of his or her ability to pay and not at 
all of his or her health status. 

As noted, during the 1960s and 1970s, Americans 
seemed to be veering toward this perception of health 
care as well, albeit ever so gingerly. Emerging from 
World War II with the rightly earned self-image of "the 
most generous people on earth"—a perception that, 
remarkably, lingers to this day-—it was thought that 
such a people should naturally grant every citizen access 


.. to “the best health care in the world.” 
Few students of this nation would impute that per- 


ception to Americans today. It would be more accurate 
to say that health care is now viewed in this country as 
a private consumption good whose financing is ulti- 


mately the responsibility of the individual. Indeed, 
when healthy well-heeled Americans yearn for “actu- 
arially fair" health insurance premiums, they are really 
communicating that they do not wish to subsidize their 


poorer, sick brethren through their health insurance 
premiums. Furthermore, with their votes they signal 


that they are not inclined to replace through taxes the 
subsidies they are unwilling to grant through their 
health insurance premiums. They may still be “the most 
generous people on earth," but perhaps just not in this 
area. | | 

The first step toward a more rational—and more 
humane—health policy would be to acknowledge the 
emerging social ethic openly and to take it as a state of 
nature, at least for the time being. T'he best the poor and 
their champions could hope for at this stage would be 
a system of 2-class medicine, one for those relying on 
public financing of their care, and another (or several 
other classes) for everyone else. Before long, the receipt 
of numerous novel medical procedures will be tanta- 
mount (in cost) to the acquisition of a little BMW if not 
a full-blown Mercedes Benz. Although the nation's 
well-to-do will certainly wish to have access to such care 
and to pay for it with actuarially fair health insurance 
premiums, it can be doubted that they will routinely 
wish to bestow “Mercedeses” of this kind upon perfect 
strangers whose very poverty raises questions about 
their social worth in the first place. 

A more realistic assumption would be that Americans 
will wish to treat health care like certain other basic 
commodities, such as food, clothing and shelter. 
American society has sought to make basic quantities 
of the latter available to all of its citizens, but there has 
never been an attempt to distribute them on an egali- 
tarian basis. Instead, the nation has adopted for them 


a so-called “basic-needs approach." The argument made. 


previously in this article has been that even during the 
heyday of the liberal 1970s, we have tacitly adopted the 
basic-needs approach for health care as well. The poor 
might have fared better, however, if we had the courage 
to acknowledge that ethical precept openly and to base 
our policies upon it. 

In the future, our manifest preference for the basic- 
needs approach in health care will reflect itself in the 
development of two or several tracks of health care. 

At one end of the spectrum, there will emerge ex- 


pensive, luxurious health care complexes indistin- . 


guishable in many respects from luxury resorts. These 
complexes will be able to attract first-rate medical 
personnel, just as the nation's prestigious private uni- 


- versities—which also cater disproportionately to the 


offspring of the well-to-do—tend to attract first-rate 
scientists. There will be hospitals with exquisite atri- 
ums, gourmet food, personalized services and all of the 
other good things America’s well-to-do enjoy elsewhere 
in life. We may think of this end of the spectrum as 
“designer care” or "boutique medicine."* 

At the other end of the spectrum there will emerge 
closed-panel delivery systems whose modus operandi 


* Marlon Ein Lewin deserves credit for fashioning the marvelously 
descriptive term “boutique medicine.” i 
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will imply rationing of health care through limits on 
physical capacity, akin to rationing under the British 
National Health Service. These systems will deliver 
comprehensive health services in exchange for prepaid 
capitation, which has either been negotiated or deter- 
mined by competitive bid. In principle, these systems 
need not give health care of inferior clinical quality; they 
may just lack certain amenities, including the privilege 
of free choice of physician and hospital. In practice, of 


course, some of these systems may represent decidedly - 


second-class medicine, particularly so if they are run by 
unscrupulous operators, or if they are seriously under- 
funded, as they aré bound to be. 

From the perspective of the nation's poor, this choice- 
and resource-constrained lower tier might first of all 


represent a decided advantage over the current 2-tier. 


system. To the extent that, through application of its 
considerable market power as purcliaser, the public 


sector could keep the cost per capita of the lower tier | 


reasonably low, society might see fit to grant, at long 
last, every American guaranteed access to at least this 
tier as a matter of right. As noted, under the présent 
2-tier system, such access is more properly described as 
unpredictable noblesse oblige on the part of providers. 
Access to at least something as a matter of right would 
imply a measure of dignity now absent from our health 
system. As an erstwhile pauper, for example, this author 
imputes great value to that measure of dignity. 
Second, a resource-constrained bottom tier permits 
physicians to ration health care with appeal to limits on 
physical capacity. It would spare physicians and hos- 
pital administrators the need to deny care to patients 


within sight of idle resources, merely to defend someone 
else's budget. Idle capacity elsewhere in the system may 
not bother the poor if they do not see it. We might just 
get away with it.. 

Depending upon one's own brand of social ethic, 
such a multitiered health system may or may not be 
close to the ideal. It does seem close to the dominant 
social ethic of the day, however, and therein would lie 
its virtue. 

Physicians in particular may balk at the idea of legi- 
timizing a system of 2-class medicine. They may fancy 
guch a gystem to violate central tenets of their profes- 
sional ethic. It may indeed. On the other hand, it is the 
case that, for a good many years now, the nation has 
paid its health sector exceedingly well. As noted; the 
U.S. spends close to 11% of the gross national product 
on health care now. There is a surplus of physicians and 
of hospital beds. Yet, with these generous money 
transfers and with these ample physical resources, the 
health sector has not so far succeeded in granting all 
Americans dignified access to needed health services. 


_ It represents a failure of sorts. 
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Introduction to Workshops 


DONALD C. HARRISON, MD 


e workshops were designed to serve as a forum for 
sideration of controversial issues. In planning this 
ferencé, 3 issues of major importance for cost con- 
iment in cardiology were selected as topics for the 
vorkshops. For each workshop 2, or in 1 case, 3 
ürpersons were selected because they had different 


nts of view. The chairpersoris held several discus- - 


38 of how best to conduct their workshop and how to 
'elop points of view for later presentation to the 
'kshop participants. That each chose a different but 
'ctive approach can be appreciated by reading the 
orta of the 3 workshops. 
‘rom this prior consultation an outline or manuscript 
discussion arid specific questions for consideration 
e developed for each workshop. Difficulty i in focusing 
these specific questions occurred in all workshops 
ause of the different points of view of the partici- 
its. However, in each workshop several points of 
sensus developed. After the first meeting session for 
orkshop, the chairpersons developed a draft written 
ument. This was distributed to each participant and 
second meeting was held to modify the points of 
w and to determine whether or not consensus on a 
cific issue still existed. 
"he published material from each of these workshops 
t follows represents significant compromise and 
sents some initial recommendations that surely must 
followed, up in other forums on cost containment. 
2 areas of consensus and general agreement are 
sented in italics. What follows immediately is a brief 
opsis of each workshop. 


Workshop i 


"he chairpersons of Workshop I developed an in- 
luction expressing an overall philosophy for the 
tion between the quality of care and the cost of care. 
ny terms discussed in this workshop were difficult 
lefine precisely but with the help of an economist, a 

es of graphic displays showing the expected effects 
‘ost containment on the quality of care was devel- 
d. Specific recommendations that can be utilized to 
ure that emphasis on cost will not override quality 
are were also suggested by the participants. Because 
;.hods to maintain the quality of care for all those in 
lical need will be the key to making cost containment 
sible, further discussion and meaningful action by 
liologists must occur now. In order to maintain a 


proper balance for using available resources effectively, 
physicians must become proactive rather than waiting 
for others to regulate their profession. 


Workshop Il 


. The chairpersons for Workshop II met on several 
occasions before the conference. They wrote a manu- 
script entitled “Cost Containment Issues in Acute 
Myocardial Infarction and Coronary Care Management: 
Points of View.” Their review of the current philosophy 
for managing acute myocardial infarction and the to- 

gistical operation of coronary care units served as the 


| basis for the questions that were discussed by the par- 


80C 


ticipants in Workshop II at the conference. Although 
the chairpersons reached consensus on the early man- 
agement of patients with acute myocardial infarction 
and several ideas about more efficient operation of 
coronary care units, the workshop participants ex- 
pressed considerable variety in their views. For the early 
management and stratification cf patients with acute 
myocardial infarction, different viewpoints are ex- 
pressed in the consensus document with recommen- - 
dations for their implementation. Methods for objective 
stratification of patients based upon the dégrée of 
myocardial damage after an infarction aroused con- 
siderable diversity of opinion. How the level of ven- 
tricular function should be asséssed in patients with 
infarction and what this means in terms of longer te term 
prognosis could not be agreed upon. 

Some consensus was reached on more effective ways 

of operating coronary care units and their rational use 
for patients with syndromes of coronary artery disease. 
A number of excellent recommendations regarding . 
improvement in the logistical operation of coronary care 
units and the use of advariced technologies to improve 
the.relation between cost and the quality of care deliv- 
ered in such units were generated. 
. The deliberations for Workshop II are presented in 
2 sections—first, the points of view statement developed 
by the.chairpersons and second, the deliberations and 
recommendations of the workshop. 


Workshop Ill 


'The chairpersons for Workshop III held several dis- 
cussions before the conference. They developed 2 
statements reflecting different points of view. The first 
concerned how individual internal medicine and car- 
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diology trainees could be better educated in the use of 
resources for high-quality diagnosis and treatment of 
patients with heart disease in line with new cost con- 
tainment policies. This became a major focus for those 
participating in Workshop IIT. | 

The second point of view related to the alteratioiis in 
subspecialty training within internal medicine, and in 
particular, cardiology, that are likely to develop with the 
enactment and application of new cost containment 
policies by the federal government relating to cost 
reimbursenient for training. The need for generalists 
as opposed to highly specialized physicians was em- 
phasized. Particular prominence was given to how we 
could determine out need for subspecialists and how 
their level of productivity could be determined in rela- 
tion to the cost containment principles likely to be ap- 

plied during the coming decade. The fact that car- 


| 


diologic activities generate high cost when in many in- 
stances the same quality of care could be delivered to 
patients by generalists at a much lower cost will con- 
tinue to generate controversy. 

The consensus statement developed by those par- 
ticipating in Workshop III attempted to integrate in- 
dividual training with societal needs for cardiologists 
at.a time when it is clear that the resources to train 
subgpecialists will be reduced. In addition to high- 
quality scientific and medical training, it became clear 
in the discussions that a significant part of the training 
program should be directed to teaching younger phy- 
sicians to limit the use of high-cost procedures, partic- 
ularly when they overlap and provide redundant in- 
formation. The recommendations of this workshop bear 
caréful study by all of those responsible for internal 
medicine and cardiology training programs. 


Workshop I: Quality of Cardiologic Care 
in the Era of Cost Containment 


alrpersons: MARY JANE JESSE, MD, Senior Vice- President, Scientitic Affairs, American Heart Association, Dallas, 
Texas, arid ARNOLD M. WEISSLER, MD, Chalrman, Department of Medicine, Rose Medical Center, Professor, 
Department of Medicine, University of Colorado Health Sciences Center, Denver, Colorado 


Participants: ROBERT J. ADOLPH, JAMES K. ALEXANDER, THOMAS K. BECKETT, 
ROBERT BRANDENBURG, ELLEN BUSS, NEIL CRONIN, ROBERT F. DeBUSK, KEN ELLENBOGEN, 
LEVY, CHARLES B. MULLINS, WILLIAM NELLIGAN, 
HENRY QUINTO, UWE REINHARDT, LAURA ROBINSON, GLENN SAWYER, LEONARD SCHERLIS, 

W. McFATE SMITH, JAMES V. WARREN, and BARRY L. ZARET. 


CHARD GORLIN, DAVID A. JONES, ROBERT l|. 


» current era of cost containment in the delivery of 
ith care was preceded by events that contributed to 
mstant increase in the quality of care (e.g., in diag- 
tic methods, medical therapy and surgical inter- 
tion). A brief review óf these events may contribute 
better understanding of current efforts to contain 
8 while trying to maintain the highest level of health 
> delivery in the world today. 
luring the 15 years after World War II, support for 
ntific exploration and the study of basic mechanisms 
lisease received unprecedented priority. A new 
reness developed of the potential impact of scientific 


loration on the understanding of disease and its : 


vention, diagnosis and treatment. Technological 
ances in medicine proliferated and relief of suffering 
prolongation of life through scientific means were 
yhasized as the way of the future for the control of 
health problems of our nation. 
luring the 1960s and 1970s, the concept that health 
s was a right rather than a privilege developed. High 
ity was assigned to improving the quality of care 
ur citizens. Medicare and Medicaid as well as other 
itlement programs were designed and implemented 
ring the advances of medical science to every seg- 
t of our society. The government encouraged the 
ansion of medical school training by steadily in- 
ising funding support of students, and urging schools 
1edicine to increase the size of classes. The enormity 
he investment required to achieve the outcome de- 
d'became apparent all too soon. During the 20 years 
veen 1960 and 1980, national expenditures for health 
> increased 6- to 8-fold, and the costs came to exceed 
, of the gross national product. 
[ealth care professionals including physicians, 
ges, hospital administrators and all other workers 
he field. continued to keep improvement in the 
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quality of care as their goal. In the face of all of these 
efforts, health care costs began to encroach on funds 
available for other social needs, such as housing, 
transportation | and education. 

As a result of these factors, as well as the magnitude 
of the national debt, an era of cost containment began. 
The perceived urgency for cost containment has gen- 
erated a variety of regulatory programs including 
Medicare’s diagnosis related groups (DRGs) and 
fixed-fee reimbursement. The DRG system uses a 
length-of-stay standard as the basis for hospital pay- 
ment for 467 diagnostic entities, of which 43 fall i in the 
sphere of cardiovascular disease. | 

In addition, stringent restrictions on the growth of 
hospital beds and hospital equipment, professional 
standards review organizations and various strategies 
to influence fee-for-service arrangements—including 
prepayment plans, price controls on.hospitals, health 
care benefit restrictions and contractual agreements 
with preferred provider organizations—have emerged. 
Far-reaching developments designed ostensibly to re- 
duce health care delivery costs are the introduction of 
new private health care delivery mechanisms, which 
emphasize free-standing ambulatory care facilities, the 
promotion of home health care services and the emer- 
gence of competitive, private, for-profit, health care 


corporate entities. 


These developments raise a plethora of projections 
for the future. What effect, if any, will these “cost-sav- 
ing” maneuvers have on the quality of care provided to 
the patient? What overall effect will these developments 


have on the health of our society? For the physician. 


whose fundamental interest remains the welfare of those 
who seek his advice, and whose concern over the quality 
of care remains uppermost, the answer to these ques- 
tions is vital. For-the legislator whose concern is the 


w” A. ) 
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welfare of his constituency, the answer to these ques- 
tions should be of paramount interest. 

Against this background, the participants in 
"Workshop I: Quality of Cardiologic Care in the Era of 
Cost Containment,” agreed on the following goals: 

1. To formulate a consensus on the compatibility of 

quality cardiologic care and cost containment. 

2. To consider how and by whom quality of care 
should be continually assessed in order to deter- 
mine the effect of cost containment measures on 
patient care. 

3. To recommend to physicians how they can play 
proactive roles in maintaining cost-effectiveness 
while protecting the patient. 

It was agreed that the term “quality of care” implies 
a large number of variables. The specifics of quality of 
care are difficult to outline completely and there may 
be considerable diversity of opinion about them. Con- 
sensus was reached, however, on the following compo- 
nents that must be present in order to guarantee quality 
of care. There must be adequate access to the health 
care system. There must be appropriate distribution of 
health care services. There must be no limitation of care 
imposed because of either educational or economic 
barriers. Health care must be relevant. It must utilize 
appropriate, state-of-the-art diagnostic and therapeutic 
techniques implemented by competent providers, so 
that the most optimal outcome is realized for each pa- 
tient. The health care system must be efficient with 
maximum use of personnel, constant high regard for the 
patient and appropriate patient-physician relations and 
interactions. Cost decisions must be properly.structured 
on scientific and humanistic grounds. System costs must 
be included in those decisions, rather than basing de- 
cisions on patient costs alone. 

Economists who participated in the workshop de- 
veloped a cost-per-case, quality-of-care curve in order 
to explain the relationship between cost and quality of 
care (Fig. 1). It must be recognized that this is an ide- 
alized curve. Áctually, there are myriad curves, each 
describing a given disease state, and each having a dif- 
ferent slope if plotted as shown. 

Figure 1 shows that costs above point B result in no 
increase in quality, and that such costs may be safely 
reduced to point B with no deterioration in quality. 
However, as the curve rises between points C and B, 
costs rise considerably faster than do qualitative en- 
hancements. Nonetheless, cost reduction in this area 
does result in some deterioration and must be ap- 
proached with extreme caution. Educational and so- 
cioeconomic barriers have always affected both access 

and; quality of care. There was agreement, however, 
that the goal of all must be optimal care for the entire 
population. 

The dashed curve in Figure 1 is an obvious goal. If the 
curve can be lowered, costs will decrease without jeo- 
pardizing quality of care. 

Corollary questions that arise from the idealized 
curve in Figure 1 include the following. Are we spending 
more on health care than is needed (points B to A)? Can 
we agree that we will not deliver the best of health care 
(points C to B)? Although this suggestion has been 


CASE 


anathema whenever it has been raised, legislators fre- 
quently do just that. An often cited example is the re- 
fusal to approve funds for highway improvements that 
will result in improved highway safety. When such 
funds are not appropriated, the local, state or federal 
legislature is agreeing to deliver less than the best of 
highway safety care to all. It is difficult for the public 
and the medical profession to accept this principle when 
it is applied to the health of the nation or to an indi- 
vidual patient. 

It was generally agreed that cost containment and 


. excellent cardiologic care are compatible, if wise and 


careful assessment of each cost intervention is made. 
Our major responsibility is to continually assess such 
interventions and their impact on care. 

Several major professional and volunteer organiza- 
tions in this country are developing means to assess 
whether cost containment measures in given circum- 
stances are beneficial, or whether they jeopardize the 
care given to the patient. These efforts were all regarded 
as salutary by the workshop group. 

It became apparent during the discussion that a 
major responsibility of the medical profession is to 
define standards of quality care and communicate 
those standards to policymakers, regulators and leg- 
islators. Unless appropriate data are collected to es- 
tablish criteria for measuring quality, it will be impos- 
sible to determine whether cost containment measures 
have reduced that quality. It is therefore imperative that 
the data being collected by various groups be compiled 
and examined. Data regarding diagnosis and disease have 
been important in establishing DRGs. Outcome data 
must be collected in order to identify situations in which 
the care of the patient is jeopardized. Data describing 
patient outcome (e.g., morbidity and mortality) must 
be given serious consideration in the context of cost 
containment. The workshop participants strongly 
endorsed the activities of those organizations that are 
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. FIGURE 1. An idealized cost-per-case, quality-of-care curve. See text 


for detalls. 
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already beginning to assess the issue of cost contain- 
ment and its influence on care. The group further 
recommended that a coalition of such groups be formed 
to inform and educate the public, to communicate with 
legislators about the outcome of such studies and 
to encourage individual organizations to pursue con- 
tinual assessment of the effect of cost containment 
measures. | ! 

Several recommendations were agreed on regarding 
the role of the community of physicians in providing the 
highest quality of care while maintaining cost-effec- 
tiveness. Ft was agreed that all physicians must become 
involved as individuals as well as groups in constantly 
assessing whether the quality of care is being Jeopar- 
- dized by cost containment measures. Major contribu- 
tions can be made by serving on quality assurance 
committees and peer review panels and documenting 
occurrences that unfavorably affect patient status. Al- 
though such activities require time and energy, they 
must not be overlooked or regarded as insignificant by 
physicians. E 

An example of an individual activity that can produce 
a positive outcome for both patient care and cost con- 
tainment is the physician’s own interest in what is oc- 
curring in his or her own hospital. Physicians should 


contact hospital administrators and inquire how the 
total DRG revenue compares with the related costs. If 
such costs exceed the hospitals DRG revenues, the 


. physician should work with hospital administration to 


develop and promptly implement a plan to reduce costs 
to below revenues. Any income thus generated is to be 
used to enhance quality of care to the patient. The in- 
tent to reduce “costs” below DRG revenues in no way 
implies endorsement of the DRG payment system. 

It was also agreed that cost reduction with no ad- 
verse impact on quality could be achieved by reducing 
expenditures for malpractice and the resultant prac- 
tice of defensive medicine. Legislative adoption of a 
“no-fault” concept, possibly modelled after workmen’s 
compensation plans, would reduce costs significantly. It 
was agreed that all representatives of the health care 
industry should approach their legislators and urge that 
such legislation be undertaken without delay. 

Finally, the group agreed that the cost containment 
measures currently being undertaken will have a se- 
rious impact on all aspects of medical education. 

There was consensus that the physician, as well as the 
rest of the health care industry, must play proactive 
roles if cost-effectiveness is to be achieved and quality 
of care for the patient is to be protected. 


Workshop Il: Cost Containment Issues 
in Acute Myocardial Infarction 
and Coronary Care Management—Points of View 


Chairpersons: DONALD C. HARRISON, MD, Wiliam G. 
University School of Medicine, Stanford, Callfornia, ELLIOT RAPAPORT, MD, Professor of Medicine, 
| University of California, School of Medicine, San Francisco, California, 

and GEORGE E. THIBAULT, MD, Associate Professor of Medicine, Harvard Medical School, 
Massachusetts General Hospital, Boston, Massachusetts 


Participants: GEORGE A. BELLER, THOMAS BIGGER, JAY COHN, ERNEST CRAIGE, RICHARD DAVIES, 
DEAN A. EMANUEL, GOTTLIEB FRIESINGER, ERIK GUNDERSEN, MICHAEL V. HERMAN, 
GEOFF HOLMES, JOHN IRVIN, BEN HOLMES, REBECCA LENGERICH, MICHAEL LESCH, 
FRANK MARCUS, J. JOEL MAY, MARY McKINNEY, BERTRAM PITT, CLAUS REICHLE, 

JOHN SCHROEDER, JAY MICHAEL SULLIVAN, JOHN F. WILLIAMS, and WAYNE YETTER 


The modern coronary care unit (CCU) was conceived 
in the early 1960s and by 1970 most major hospitals 
admitting patients with myocardial infarctions had a 
functioning CCU. In the subsequent decade, consider- 
able sophistication of the staff and of the technology for 
monitoring patients in the CCU has occurred. As a re- 
sult, these units have maximized the likelihood that 
acute rhythm disturbances and conduction defects in 
the early phase of an acute myocardial infarction (AMI) 


will be recognized promptly and treated appropriately. 


Coronary care units have also evolved over time in many 
hospitals to serve as acute cardiac care units in which 
cardiac patients who are seriously ill or require careful 
monitoring unrelated to a recent myocardial infarction 
can be followed with appropriate invasive procedures 
and given intensive nursing care. While statistics re- 
garding mortality in the CCU are sparse, it is the general 
impression that a reduction in mortality from 30 to 15% 
has been achieved in patients with AMI on a nationwide 
basis. However, few attempts have been made to eval- 
uate the efficacy of the CCU in its operations or to de- 
termine a cost-effective method for utilizing the CCU 
based upon appropriate stratification of patients into 
risk | groups after AMI. 


Medical and Paramedical Personnel Utilization 
Although nurse-to-patient ratios in the CCU vary 


from approximates of 1 to 1 to 1 to 2, the justification: 


for this heavy staffing has not been thoroughly vali- 
dated. With the introduction of CCUs, the importance 
of recognizing premonitory arrhythmias that predicted 
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catastrophic events became of paramount importance. 
Considerable effort was also devoted to charting specific 
data recorded from ancillary tests and to continuous 
monitoring of patients. In recent years computer tech- 
niques for monitoring arrhythmias, which provide a 
geries of graduated levels of alarms, have been devel- 
oped for monitoring patients in the CCU. In addition, 
techniques to stratify patients into high- and low-risk 
groups have been developed based on clinical and lab- 
oratory observations. Neither of these techniques has 
been used specifically to alter staffing needs in the CCU 
or to determine if its efficacy can be enhanced. 

One of the questions that must be considered if the 
CCU is to be cost-effective is the utilization of advanced 
technologies, such as computer monitoring, which might 
replace or reduce the monitoring role of the technician 
or nurse in a CCU. Computer techniques for monitoring 
most arrhythmias are now available and alarm systems 
based on the detection of certain types of arrhythmias 
might well be used for altering therapy without close 
human oversight. An effective use of technology could 
permit more effective utilization of staff and personnel 
time in the CCU with a likelihood of decreased cost. 
Further studies to validate the reliability and feasibility 


- of these newer approaches need to be carried out. 


| 
The introductory statement to Workshop li was written by Drs. Harrison _ 


and Rapaport. 
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At the present time, more than 2 hours each day is 
spent by individual staff in the CCU charting patient 
data. Computer record-keeping techniques with menu 
selections for standardizing notes about the course of 
individual patients are now available. Although these 
have not been fully accepted by nursing personnel in 
CCUs, the use of such technology would simplify the 
management of patients, provide more concise and 
easily used records and reduce the personnel time in- 
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volved by a significant multiple. Clearly, for the CCU 


to become effective, such techniques and sophisticated 
programs are now essential. 


SAY Treatment and Prophylactic Programs 
| for Arrhythmlas 


Once the patient with myocardial infarction reaches 


© the hospital alive, the leading cause of death in the 


‘subsequent 3 days is cardiac arrhythmia, primarily 


ventricular fibrillation. The availability of computer 
techniques for arrhythmia detection in the CCU can 


+- -improve the likelihood of detection of frequent and 
` complex ventricular ectopic activity. However, such 


techniques are unlikely to lead to a reduction in primary 


. ventricular fibrillation because it frequently occurs ei- 


ther without any premonitory arrhythmias or with only 
a short interval available after the occurrence of a 
complex ventricular ectopy such as an R-on-T complex 


for the administration of a prophylactic drug before the 


catastrophic event. A number of studies have now 


- documented that there is no effective way to monitor 


patients and predict with a high likelihood those who 
will develop primary ventricular fibrillation, even 


. though many forms of complex ventricular ectopy are 


on 


associated with a high prevalence of ventricular fibril- 


- lation. In addition, the staff of a CCU frequently do not 
- detect these premonitory arrhythmias in patients even 
. ^ when they. occur. For that reason, it would be ideal to 


. give a prophylactic antiarrhythmic drug to all patients 


early in the course of AMI. Unfortunately, no drug has 
an approved indication for prophylactic treatment of. 


ventricular arrhythmias after AMI. However, because 
lidocaine has been shown to be effective in reducing 
frequent and complex ventricular ectopy and its phar- 
macology is well known, it is the agent usually suggested 
for this purpose. . 

Controversy exists regarding vüsdiier lidocaine pre- 
vents the occurrence of early ventricular fibrillation 
after AMI. Furthermore, there is a 10 to 1596 prevalence 
of mild to moderate adverse effects when the drug is 
administered. in doses large enough to have maximal 
antiarrhythmic effect. 'T'hus, the question of using li- 


" docaine prophylactically has not been answered’ satis- 


factorily, nor has it been determined whether such 
treatment could reduce the complications of myocardial 
infarction in the early period in the CCU, thereby re- 
ducing cost. In the United States, more than 50% of 
physicians treating myocardial infarction now favor 


‘prophylactic administration of lidocaine for 24 to 48 


hours after the admission of patients with AMI to the 


CCU; in contrast, it is infrequently used in Europe. A. 
major clinical trial to document whether or not pro- - 
^ phylactic antiarrhythmic drugs should be used in pa- 
tients with AMI is clearly needed and might well lead 

. toa major cost reduction in the early period after AMI. 


For the present time, no definite recommendation can 
be made. 


The Intermediate or Step-Down Unit 
Most CCUs will keep a patient with uncomplicated 


‘myocardial infarction for approximately 48 hours. The 
patient will then be transferred to a step-down or in- 


termediate care area. These latter facilities permit 


~~ 


continuation of electrocardiographic monitoring, but 
the intensive nursing care available in the CCU is gen- 
erally lacking. Patients at this stage of their illness are 
felt to be at distinctly less risk for a sudden arrhythmia 
or conduction disturbance. Should a major clinical event . 
such as recurrence of chest pain or.development of new 
arrhythmias or conduction disturbances occur, the 
patient can always be transferred back to the CCU. 
Sending the patient to an intermediate or step-down 


. unitis far more cost-effective in terms of limiting overall 


hospitalization expenses than keeping the patient in the 
CCU for the majority of his or her hospital stay. The 
coronary care, the intermediate care and the routine 
cardiac care units should be arranged in close geo- 
graphic proximity. Ideally, if the intermediate care unit 
were adjacent to the CCU, maximal flexibility could be 
achieved, permitting appropriate expansion or con- 


. traction of the CCU and transfer back and forth as 


needed into the intermediate area. Close proximity 
would also cut down on the excessive transfer times that 
are. frequently seen today when a patient has to be 
moved from the CCU into the step-down unit or vice 
Versa. - d 


Algorithms for Early and Late Treatment ` 


Whether or not lidocaine is given prophylactically i in 
the early period after myocardial infarction, 20 to 3096 
of all patients 2 to 5 days after infarction develop ven- 
tricular ‘arrhythmias, which most physicians believe. 
should be treated aggressively. It seems possible that . 
algorithms could be developed based upon response to 
lidocaine in the first 24 hours for the subsequent ad- 
ministration of antiarrhythmic drugs in this later period 
if appropriate stratification of patients based on 
treatment needs could be accomplished. Those patients 
requiring no further therapy could be transferred from. 
the CCU at 48 hours to-either a step-down unit or the 
ward. For those requiring antiarrhythmic drug therapy, 
it has been shown that, in a majority of patients with 
symptomatic ventricular arrhythmias, lidocaine re- 
sponsiveness predicts responsiveness to tocainide, the 
oral analog of lidocaine. Ideally, this predictability has 
the potential to eliminate the often time-consuming and 
costly search for an appropriate oral agent to follow 
lidocaine. T'ocainide may be cost-effective if given as the 
first-choice drug after lidocaine by streamlining the 
procedure for selecting oral therapy. 

Two study designs might be utilized to document the 
hypothesis that the administration of oral antiarrhyth- 
mic drugs after lidocaine in-patients with AMI is cost- 
effective. The first would be to utilize the concept that 
a patient’s responsiveness to lidocaine during the first 
24 hours predicts tocainide responsiveness. A group of 
patients with responsive ventricular arrhythmias could 


. be identified for a placebo-controlled study. Those 


patients receiving active drugs might be discharged 
from the CCU earlier, thereby reducing the hospital stay 
for postinfarction patients. Also, it might be possible to 
demonstrate less rehospitalization in the first 6 weeks, 
less ventricular arrhythmia and an improved prog- 
nosis. 

An alternate proposal would be to doa comparative 
study between one of the standard dinde drugs 
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such as quinidine and tocainide in the group of patients 
identified as having ventricular arrhythmias early after 
infarction who were responsive to lidocaine. One of the 
questions that need answering is whether such algo- 
rithms for early and late treatment of arrhythmias can 
demonstrate cost-effectiveness and improve patient 
care. Such a study could'be readily designed but would 
necessarily involve 10 to 20 centers, 400 to 800 patients 
and would probably cost more than $2 million. The 
thrust of the study would be directed to the question of 
whether early and late antiarrhythmic drug therapy 
improves patient care while simultaneously permitting 
earlier discharge and more cost-effective care. 
Patients who display evidence of pump failure after 


a myocardial infarction, i.e., Killip class III or IV pa- 


tients, require longer periods i in the CCU. These pa- 
tients| are generally kept in the unit. until either the 
pump failure has stabilized without requiring further 
intravénous inotropes or vasodilators, or until the signs 
and symptoms of pump failure have disappeared as 
some of the stunned myocardium recovers with time. 
The real challenge facing us today is to recognize those 
patients who enter the hospital as functional Killip class 
I or II cases and who can further be identified as being 
at very low risk for a morbid event at an early stage of 
their hospitalization. It would be desirable as a cost 
containment measure to abbreviate or even bypass to- 
tally their stay in the CCU. 


Early Risk Stratification 


A number of studies have been reported in which risk 
stratification was attempted early in the course of a 
myocardial infarction to help identify patients either 
at extremely low or high risk for mortality during their 
initial hospitalization. Both invasive and noninvasive 
criteria have been used. Silverman et al! used early 
thallium-201 scintigraphy, and showed by multivariate 
analysis that it was a better predictor than clinical 
variables in separating high- and low-risk subgroups of 
hemodynamically stable myocardial infarction patients. 
Their high thallium defect score, representing the 
summation of old and new necrosis, as well as additional 
transiently ischemic myocardium, identified a subgroup 
whose in-hospital mortality rate was 46%, compared 
with a low defect score subgroup whose in-hospital 
mortality rate was only 3%. 

The initial electrocardiogram may also be quite 
helpful in identifying a low-risk patient. Mahoney et al? 
studied 635 patients with AMI. Those patients with a 
normal QRS complex on the initial electrocardiogram 
taken after the onset of symptoms, who then failed to 
i develop serial Q wave changes, not only had no in-hos- 
pital mortality but algo had a lower incidence of ar- 
l rhythmias, atrioventricular block and heart failure 
compared with a group whose initial electrocardiogram 
showed abnormal QRS complexes but in whom no new 
Q waves developed serially. Other determinants of a 
high-mortality subgroup in different studies include 
anterior location, intraventricular or atrioventricular 
conduction defects, older age, systolic hypotension, 
persistent sinus tachycardia, cardiac enlargement, and 
pulmonary rales above the tip of the scapula. 

These various studies suggest that a low-risk profile 


can be constructed that identifies a group of patients 
with AMI who might be sent to an intermediate care 
area where telemetry was available without requiring 
hospitalization in the CCU, particularly if it were 
physically next to the CCU. Specifically, patients 
without a prior history of myocardial infarction who are 
young, display normal vital signs, present with an in- 
ferior infarct and show no evidence of significant pump 
failure, arrhythmias or intraventricular conduction 
disturbances constitute such a low-risk group. Although 
a small risk of unexpected death will always be present, 
a similar risk also exists in patients who have been . 
hospitalized in CCUs and are transferred out after ‘48 
hours to other areas of the hospital. The in-hospital 
mortality rate after transfer out of the CCU for myo- 
cardial infarction patients today is approximately 5%. 
It is likely that the mortality rate of an identifiable 
low-risk cohort sent directly to an intermediate care 
area would be no greater than this. Furthermore, should 
such patients develop evidence of complications clini- 
cally, they could be readily recognized and the patient 
could be transferred to the CCU as circumstances de- 
manded. Prospective evaluation of a program of direct 
intermediate care admission for such low-risk patients 
seems warranted. 

The challenge posed by the patient who enters with 
apparent ischemic chest pain but is not undergoing àn 
AMT is even greater. Many more patients are hospital- 
ized with suspected. myocardial infarction, which is 
subsequently ruled out, than are patients who have a 
documented AMI. The value of the CCU in handling 
patients with AMI led at an early date to the hospital- 
ization in these units of patients in whom the diagnosis 
of AMI was not evident on initial evaluation, but where 
it was clearly necessary to establish if an infarction had 
or had not occurred. It is quite appropriate that patients 
who are experiencing ischemic chest pain at rest be 
placed in a CCU until the problem has resolved. Pa- 
tients who present with chest pain lasting 20 minutes 
or longer—associated with electrocardiographic evi- 
dence of either S'T-segment depression or elevation with 
reversion toward the baseline, or to a control abnormal 
electrocardiogram after resolution of the pain—should 
be placed in the CCU and managed appropriately with 
vigorous medical treatment. The more challenging 
problems are those patients who fail to exhibit ST- 
segment shifts while experiencing what seems to be an 
ischemic-type chest pain. Some of these patients fail to 
show ST-segment.changes because an underlying 
electrocardiographic abnormality from prior disease 
obscures the ST- -segment change. These patients also 
need to be managed i in a CCU. A large subgroup of pa- 
tients still remains, however, in whom the electrocar- 
diogram fails to show significant ST-segment change 
despite what appears to be prolonged ischemic chest 
pain. It is clear that a number of these patients are often 
initially misdiagnosed as having unstable angina, when, 
in fact, the etiology of the pain proves to be esophogeal 
spasm, thoracic outlet syndrome, musculoskeletal or 
psychogenic in origin. Experience with Holter moni- 
toring of patients with unstable angina suggests that 
many more episodes of ST-segment alterations occur 
than are associated with clinical symptoms of chest 
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pain. Chest pain tends to be a relatively later sigh of 
myocardial ischemia than ST-segment changes. 
Therefore, one is always suspicious that a patient who 
has chest pain and no ST- -segment change is not expe- 
riencing ischemic chest pain. Unfortunately, one may 
be wrong on occasion in making this presumption; 
therefore, such patients are usually hospitalized for 
evaluation. However, they need not be hospitalized in 
the CCU. The likelihood of unstable angina is suffi- 
ciently remote that these patients could be followed in 
a less intensive hospital care area while appropriate 
treatment or investigative studies are undertaken. This 
could result in significant cost savings. 


The Fallacy of Routine Orders 
! In the Coronary Care Unit 


In the past, standardized routine orders in the CCU 
have been used in many units based on 2 decades of 
experience in managing patients with myocardial in- 
farction. Routine orders are frequently wasteful because 
unnecessary tests are repeated over a period of several 
days and often provide no further helpful information 
ibout the patient. Orders for serum enzyme tests, chest 
x-rays, batteries of chemical tests and electrocardio- 
zrams are frequently written as standing orders. Over- 
atilization of these diagnostic tests occurs often. 

A classic example is the use of standing orders for 
3erum enzyme tests. Many CCUs’ standing orders not 
only call for total and isoenzyme creatine kinase (CK) 
analysis frequently during the course of the first 3 days, 
but also provide for lactic dehydrogenase (LDH) total 
and isoenzyme analysis on day 3. LDH isoenzyme 
analysis may be critical in establishing the diagnosis if 
the patient's infarct has taken place sufficiently before 
hospitalization such that CK values have already re- 
turned to normal. However, when total LDH and LDH 
isoenzyme determinations are written as a standing 
order, the test is frequently unnecessary because the 
liagnosis has already been established earlier by CK 
1nalysis. Furthermore, standing orders for repetitive 
oKianalysis often result in unnecessary duplication of 
positive results. Serum CK levels generally peak ap- 
oroximately 24 hours after the onset of a myocardial 
nfarction, and a test every 12 hours for the first 24 hours 
8 reasonable. However, standing orders that automat- 
cally call for CK analysis on the second and third day 
are often unnecessary and they could be eliminated if 
she physician examines the earlier results and is re- 
juired to write a specific order if additional tests are 
lesired. 

Standing orders for daily electrocardiograms are also 
requently unnecessary. Electrocardiograms on ad- 
nission and the following day are important for estab- 
ishing dn evolving myocardial infarction. But standing 
rders thereafter for daily testing frequently result in. 
innecessary electrocardiograms. 

Newer technologies are being increasingly used in the 
JCU. These can be justified when they specifically help 
o establish the patient's prognosis or are instrumental 
n defining therapy. For example, if one uses thallium 
cintigraphy to obtain an estimate of the total myo- 


cardium damaged by ischemia and necrosis, it may be . 


of help in establishing the subsequent outlook and 
management. On the other hand, the routine use of 
technetium-99m pyrophosphate scans, 2-dimensional 
échocardiography and gated wall motion studies during 
the first 1 or 2 days is of dubious value and these studies 
should be limited to specific situations in which they are 
likely to contribute to patient management. Further- 
more, if suspected severe left ventricular dysfunction 
is present, such as to warrant either an early 2-dimen- 
sional echocardiographic study or a wall motion study 
by multigated radionuclide angiography, both exami- 
nations are usually unnecessary. It is surprising how 
often the same information will be obtained using 2 
different technologies when one readily suffices. 

The increasing dependence on technology is also ex- 
emplified by excessive use of the bedside flotation 
catheter. Patients with uncomplicated myocardial in- 
farction or even those who have Killip class II evidence 
of early left ventricular failure do not need routine 
Swan-Ganz catheterization, witli its attendant subse- 
quent increased nursing care and repetitive determi- 
nations of cardiac output and filling pressures. Swan- 
Ganz catheterizatiori should be reserved for patients 
who are in clear-cut pump failure or who worsen sud- 
denly after an initially uncomplicated course. 

Routine therapeutic orders for all patients in the CCU 
also generally lead to overuse of medication, tend to 
prolong the stay of a patient in the CCU whatever risk 
category he is stratified to and contribute to the cost of 
coronary care. It is time to revise the concept of routine 
orders, to develop algorithms based oh patient strati- 
fication and to détermine whether or not these algo- 


rithms alter the long-term patient care and cost/benefit - 


ratios in modern CCUs. We now have the basic clinical 
information and the medical knowledge to manage 
patients more effectively in the CCU. We can reduce the 
cost of the CCU substantially by decreasing the number 


of routine tests ordered and by transferring low-risk 


patients out of the CCU at a much earlier time into 
step-down units or back to a regular ward. 


Are There Limits to Advanced Technology? 


Advanced technology permits almost unlimited 
support of the respiratory and circulatory systems for 
patients with cardiac disorders. A well-managed in- 
tensive care unit can supply adequate oxygen.by arti- 
ficial ventilation for many weeks or even months. Dur- 
ing the past decade, a variety of circulatory-assist 
devices have been developed to support the severely 
damaged heart. However, applying these techniques to 
patients with cardiovascular disease produces not only 
cost containment problems but ethical and moral di- 
lemmas. Several such applications in cardiology merit 
review. 

Resuscitated Patients 


In many hospitals, patients resuscitated by specially 
trained emergency units or by lay persons knowledge- 
able in advanced life support develop severe brain 
damage and need assisted ventilation and circulatory 
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support to survive. Generally, physicians cannot tell 
which patients will have various levels of brain damage 
and which will gain good functional recovery in the first 
48 hours. Such patients can be found in CCUs and in- 
tensive care units in any major hospital. Because 
maintaining such a patient may cost over several 
thousand dollars per day, the level of brain damage 
must be ascertained as early as possible; this requires 
a variety of specialists and a series of costly, sophisti- 
cated tests. Hospitals using such heroic measures to 
maintain patients should develop a protocol to handle 
them. 


Cardlogenic Shock 


Cardiogenic shock results when $0 much heart muscle 
is destroyed that the pumping function of the heart 
cannot sustain life. Muscle damage is generally irrepa- 
rable and the ensuing low cardiac output creates met- 
abolic and renal problems in most patients within 24 
hours. Although pharmacologic measures may support 
a damaged heart for short periods, true cardiogenic 
shock reqüires circulatory-assist devices to maintain the 
patient long enough for the body's normal compensa- 
tory mechanisms to adapt. At present, circulation can 
be supported for a few days, but if body compensatory 
mechanisms do not come into play, even with circula- 
tory assist, most patients do not survive. Transplants 
and even artificial hearts have been suggested, but are 
usually not feasible because of damage to other bodily 


time. 


ACA ANNE rites wu ne ete arene oy 
^9 ^ 


systems and the POOR of obtaining heart donors in 


Advanced Congestive Heart Fallure 


Many patients enter the hospital in advanced stages 
of congestive heart failure. A variety of new medical 
treatments has been developed to enhance the con- 
tractile power of the heart or lower the resistance it 
pumps against; proper placement of catheters permits 


. full monitoring of pressures and flow, and regulation by 


pharmacologic intervention. Such patients make up the 
largest group of candidates for heart transplantation or 
artificial heart replacement after their situation has 
been stabilized by drugs. In our opinion, physicians 
alone should not determine who should receive the 
limited human and artificial hearts available. These are 
precious resources and society should participate in 
their allocation. Costs of these programs can only be 
contained by limiting their scope. 

Thus, cost containment policies limit the applica- 
tion of advanced technologies and heroic measures. For 
now, cardiac replacement should be performed only 
where it is being evaluated in terms of preserving life 
and enhancing its quality. Once such techniques are 
widely available, society must determine how they 
should be used and, thus, the level of cost containment 
possible. 
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Workshop | Hn d tevai issues idstng 


to patients hospitalized for acute. myocardial infarction : 


(AMI). and to methods for i improving the cost-effective : 


operation of coronary care units (CCUs). Controversy © 
existed ori many issues but several areas of, consensus... 


were reached by the group, including the following. - 
General Comments About Coronary, Care Units. 


` The CCU was judged necessary and effective in re- 


ducing the hospital mortality for AMI: Over time the - 


character of CCUs has evolved; they now serve às acute . 


Cardiac care unita caring fot patients with congestive 
heart failure, arrhythmias, suspected' myocardial in- 
farction and other potentially major cardiac problems. 


EM 


Small units were considered inefficient and not cost- 


effective. Combining such units as medical intensive 


care units,.respiratory units and others maximizes ` 


efficiency and provides for more flexibility. However ,, 
the loss of general. objectives for combined units and ` 
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ds Patients with AMI M are séen a than 4 . 
hours after onset of symptoms generated considerable - 


discussion. The present data base does not support, 


early coronary angiography and acute intervention 
until the results of clinical trials now under way are 


reporied. If it can be proven in the long run that mor- . ` 


bidity and mortality are reduced by such edrly:inter- 
vention; .an increase in short-term cost resulting from 


the intervention and the longer period of hospitaliza- Dl 
- tion may be justified based on a:decrease in:cost for . 
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following such patients on a. long-term basis until their - 
^ return to a more useful life- style...: 


- 2. There was general consensus: that pátients with 


uncomplicated myocardial infarction could be moved 
from the CCU after 48 hours: Tt was also suggested that 


such patients. might be moved earlier if their beds were 
- required for other patients. Further, it was thought that 


©. the course of such pdtients and their need for contin- ` ^ 


the loss of specialized staff with a high ‘ esprit" máy : 


offset any gains. Where units of sufficient size are 


uous stay in the CCU before removal to a step-down . 


unit should. be reassessed more. frequently than every 


3 24 hours. 


present, combination of units is not indicated. General... 


agreement was ‘reached that the upper. limit of size for’ 


efficiency was probably 15 to 18 patients. 


/ Stratitying Patients Before. Admission = 
2 to the Coronary Care Unit : 


‘Several categories were considered: 

` 1. Patients with AMI determined clinically and by 
electrocardiogram were considered by: all to require 
hospitalization t ina CCU. : 

2.. Those patients who’ present with chest pain and 


8. In’patients with: uncomplicated AMI, cides | 


" $uch as radionuclide angiograms, 2-dimensional 


ischemic electrocardiographic changes that are not ` 


diagnostic of myocardial infarction. were considered 
by most to require admission to a'CCU.. 


. 8. There was controversy regarding those patients . 


aho have no previous history of coronary artery disease, 
and uncertainty regarding chest pain and negative 


blurred the distinction between studies necessary for 


clinical research and stratification of- patients for clinical 


echocardiograms; thallium .radionuclide ‘study or . 
. coronary: angiography are. not required for routine - 
- clinical decisions. There was concern that we have - 


investigation and the needs for routine clinical practice. `; 
. . Clearly, such tools will continue to be of importance in 

` clinical research in this particular group of patients. ; 
4. It is recognized that. a group of patients devel- : ` 


oping the complication of angina in the early period | 


after myocardial infarction requires early angiography 


to plan their continued treatment with a view-toward. . 


| early bypass surgery. In those patients who develop 


electrocardiograms at the time they are seen. Most . 


Workshop participants favored hospitalization of such 


patients in a CCU. A minority view was that such pa- 


tients with a “soft story” of myocardial infarction and 
no electrocardiographic changes might require hos- 
pitalization; but not necessarily in à CC U. 


P Early Stratification | 
. Of Acute Myocardial Infarction Patients - 
. After Admission. to the Coronary Care Unli - 
> Several categories were considered and much diver- 
ity of £ opinion was i 


. difficult- to-treat congestive heart failure and life- 


threatening or potentially life-threatening arrhythmias, 


a greater intensity of care and a longer stay in the in- '. 


tensive care unit or the CCU are: required. It is also 


a recognized that this would be a fruitful area for further = 


clinical research. 
5. Those patients ithe AMI and hopeless: bra 


damage or severe pump failure réquiring artificial 
means to maintain circulation are considered to rep-: 


resent moral and ethical issues as well as cost con- 


| - tainment issues. A broader population involving other 


elements of society needs to consider this problem, and . . 


physicians involved in intensive care should play : an 


l important us in a considerations. 


"fc 
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6. Patients with uncomplicated periods of conva- 
lescence after an AMI now have markedly shortened 
hospital stays compared with previous practices. This 
differed in various parts of the country, but ranges from 
7 to 14 days and averages approximately 10 days. 
Factors involved in reaching this decision are changing 
continuously and need careful monitoring. It was 
agreed that these patients did not routinely require 24 
hours of ambulatory monitoring before discharge but 
the general consensus was that low-level exercise 
testing before discharge or maximal exercise testing 
early after discharge in most uncomplicated patients 
is indicated. For those patients having angina in the 
early convalescent period or on exercise testing, coro- 
nary arteriography is indicated. For those patients 
with less life-threatening ventricular arrhythmias 
(although the group could not reach consensus on what 
these arrhythmias were in specific patient groups), the 
routine administration of antiarrhythmic drugs and 
the stratification of patients into groups requiring 
antiarrhythmic drug therapy cannot be agreed upon 
at this time. Such questions await answers from studies 
now in progress. 


Effective Coronary Care Units 


More efficient and effective CCUs would be very - 


important in cost containment because such specialized 
units use a large fraction of total medical and cardiologic 
resources. Several strategies to accomplish this were 
considered. 

1. Multilevel cardiac care units, including step- 
down units, are generally desirable. In such units the 
ratio of personnel to the level of care must be carefully 
monitored and regulated on a frequent basis. Such units 
could be used for the early discharge of patients from 


the CCU or as alternate admission sites for other pa- 
tients requiring less intense cardiac care, such as those 
with uncomplicated atrial fibrillation requiring digitalis 
therapy. 

2. Routine orders in the CCU are still used in many 
units throughout the country. There was consensus that 
such strategies unnecessarily increase the cost of cor- 
onary care admissions. It is recognized that such rou- 
tine orders may.play a role in training centers and it is 
suggested that routine orders might be modified to 
minimize cost of hospitalization in a CCU if they were 
reconsidered in modern terms. 

3. It is recognized that technology is not optimally 
used in CCUs. Technology could provide a higher level 
of monitoring with a reduction in personnel time if 
carried out effectively. Nurses and physicians in CCUs 
frequently use a considerable amount of time for in- 
formation handling. Better use of technology to in- 
crease the efficiency of information handling would 
reduce cost of such units. 

4. Coronary care units need a cardiologist director 
who routinely reviews admissions and discharges and 
has the power to influence these decisions and direct 
the cost-effective use of resources in the CCU to im- 
prove its effectiveness. 

Participants in workshop II agreed that the cost of 
care for the patient with AMI could be decreased, as 
could hospitalization costs of patients with cardiac 
disorders. Appropriate algorithms for the care of such 
patients would be important in cost containment 
strategies for the future and other forums for these 
considerations were recommended. The distinction 
between what is now clinical research and what should 
be general diagnostic and management algorithms for 
these patient subsets must be more sharply defined if 
cost containment policies are to be successful. 


< Workshop Ill Graduate Medical Education 
in an bas of Cost Containment - | 


m3 Chairpersons: RICHARD S. WILBUR, MD, Executiva Vibo President, Council of Medical Speclalty Socleties, 


_Lake Forest; ee and J. WILLIS HURST, MD, Gandler Professor of Medicine, Chairman, Department of Menon, 


; : * . Emory University School of Medicine, Atlanta, Georgia 


- Participants: DOUGLAS ARCHER, RALPH B. CRAINE, Jr., 


ANTHONY 'DeMARIA, HAROLD T. DODGE, 


PHYLLIS ELLENBOGEN, ROBERT L.. FRYE, WILLIAM HANCOCK, ARNOLD M..KATZ, SHELDON S. KING, 
- RICHARD F. LEIGHTON, HERBERT J. LEVINE, RICHARD P.-LEWIS, WILLIAM. W. PARMLEY, DONALD. 
! SAUNDERS; ROBERT POR EAN JAMES SHAVER, KENNETH SHINE, JOHN SPEAR, BORYS SURAWICZ, 
and; PARK W. MILLIS 


Healthcare cost containment is ; real! Iti is not — 
and it is not ideologic. It is a realistic necessity forced 
upon the system by a combination of federal and state 


governments’ deficits, fiscal distress and an urgent de- - 
sire by American business to reduce its cost of operation 


^to compete effectively on the world market. At the same 
time, there is a perceived surplus of acute care ‘hospital 
beds and physicians. The number of hospital beds in 


use, the number of full-time hospital workers and the : 
number of overall visits to doctors have all dropped this. 


Feli docs stipends from "T: care payments for. - 


Medicare. In thóse states with the so-called all-payor 


..' provisions, this would also end support from such other 
... sources as Medicaid, Blue Cross-Blue Shield and the 


past year for the first time since the Great Depression : 


90 years ago. 


Senator Durenberger of Minnesota, chairman of the 


Subcommittee on Health, Committee on Finance, has 
stated that overall there are too many residents being 
‘trained, that they are being trained in the wrong 


specialties (surgical and medical subspecialists instead . 


of generalists), in the wrong places (academic health 
centers, not community hospitals or ambulatory set- 
tings) and to do the wrong things (procedures and ter- 
d care, rather than primary care). 


As a remedy for both of these problems—the need for 


pe containment and “too many of the wrong resi- 


‘dents”—Senator Durenberger introduced a bill late in. - 
‘the last Congress that would, in effect, end the special ; 


commercial i insurance companies.  - 

Dr. Robert Petersdorf, dean of the School of Medi- 
cine, University of California at San Diego, suggested 
at the 1984 Association of American Medical Colleges 
meeting that any such fund would provide payment for 
only 3 years of training, which, it is presumed, is suffi- 


cient for the needed generalists. The subspecialist who ` 


. wished to take further training would have to find some . 
. extra source of support: physician fees, philanthropy, 


parents, special legislation or, as is happening in some 
hospitals now, work without compensation. 


Similarly, a Department of Health and Human Ser- . 


vices administrator has suggested that full funding from 


- Medicare patient payments should cover only the first 


Medicare “pass-through” of graduate medical education _ 


funds under the diagnosis related group (DRG) pro- 
spective pricing system. This bill would replace the 
‘pass-through with a special fund from general tax rev- 
enues. The fund would be supplemented by state 
‘matching funds if, of course, a state wished to put up the 


year of residency. For subsequent years, funding would 


‘be reduced and any supplement would have to come 


from other sources. 


The fastest growing portion of Ud pagent for 


health care is self-insurance by corporations, which then 


. negotiate the lowest possible price for the hospital care - 
- of employees. The next fastest growing is health main- 


tenance organizations. Medicaid, especially in Califor- 


nia, is‘now contracting with hospitals for care at the ^ — 
lowest price regardless of academic status or excellence. 


None of these plans makes any significant commitment 


- to graduate medical education. 


‘money. This would mean an end to the support for 





‘The Introductory. statement to Workshop ll was written. by Dr. - 


: oe 
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A complicating factor is that all of the extra costsof — 


— 


an academic health center have been attributed to res- .. _ 
idency training. Áctually, there are many other ex- - 


penses—-caused by the increased severity of patients’ 
nen the tucreane complexity of the cage mix, the: 
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large number of indigent patients for which little or no 
payment is received, the innovative technology and the 
support for unprofitable areas such as burn units. These 


. elements are estimated to be 70% of the excess cost of 


teaching hospitals; thus, graduate medical education 
is only 3096 of this additional expense. Unfortunately, 
all the costs of academic health centers and teaching 
hospitals are lumped together in Medicare as being due 
to graduate medical education. 


Despite some sporadic reports of cutbacks, . few 


problems have been felt by academic health centers to 
date. From 1979 to 1983, the number of residency pro- 
grams dropped but the number of residents increased. 


There are now fewer but larger programs, especially in 
medicine. The number of first postgraduate year posi- 
tions increased from 1981 to 1984 (19,837 to 21,331) and 
the number of positions compared with the number of 
graduating U.S. students dropped in only 1 specialty 
(obstetrics and gynecology) and 1 state (Florida) during 
this time. The ratio has remained about 1.3 first post- 
graduate year positions per U.S. medical graduate.! 


Reference 
1. Crowley AE. Residency positions: are there enough? JAMA 1984;252: 
3386-3389. 


Workshop Ill: Deliberations and Recommendations 


During the workshop discussion it was reported that 
cutbacks in the number of residency positions sup- 
ported by state funds have already begun. 

The question of whether or not sufficient cardiolo- 
gists are being trained was asked. The majority felt.that 
there are more than enough clinical cardiologists being 
trained and that it would be desirable to reduce the 
overall number of cardiology trainees. The mechanism 
for doing this, however, should not be government or 
. any other centrally regimented way, but should take the 

form of feedback from the field of practice. Most felt 
that it is more desirable to have a mechanism such as 
a Residency Review Committee or an Accreditation 
Council for Graduate Medical Education make re- 
ductions by removing those programs that have the 
lowest quality of training. However, it was noted that 
although the number of interventional cardiologists may 

,be sufficient at the present time, there will always need 
to be training for well-qualified clinical and academic 
cardiologists to bring the benefits of the advances in new 
technology to the people of this country. 

Other suggestions are: 

e That the number of applicants to cardiology 
residencies and fellowships might be diminished 
if the incentives of the current reimbursement 
system, which unduly rewards performance of 
cardiologic procedures, were changed; 

That the United States should continue to train 
alien foreign medical graduates and encourage 


e. 


them to return home with the advantages of ex- — 


cellent U.S. training; 

e That U.S. citizens should train only in high 
quality training programs; 

« That restrictions in admission for U.S. foreign 
medical graduates to residencies should be in- 
creased; and 

- e That the number of admissions to medical schools 
should be reduced. 


Funding of Training 


In discussing future mechanisms for funding graduate 
medical education, no one in the workshop believed 
that Medicare Part À would continue paying the sig- 
nificant amounts that it has in the past. No participant 
wished to support the Durenberger bill or the Petersdorf 
recommendations in the form in which they were pre- 
sented to the workshop. The suggestion that residency 
stipends be fixed so that there is no longer a yearly 
progression was supported by several. Other possibili- 
ties, such as government loans to residents and taxes on 
health insurance policy premiums, on each hospital 


74C 


discharge and on cigarettes, to be used for graduate 
medical education funding, were discussed but not 
voted upon. 

Because residents give service and deserve to be paid 
for it, it seems practical to have future resident support 
come from the physician fee. Jt was suggested that if 
and when trainees no longer receive stipends from 
Medicare Part A funds, they should be allowed to 
charge fees, which would be put into a fund from which 
their stipends could be paid. This could be part of a 


faculty practice plan. 


It would also be strongiy advisable to increase re- 
search grant and research training grant support from 
the National Institutes of Health. Such research 
support will lead to a continuation of the present de- 
creases in morbidity and mortality from cardiovascular 
disease, which in turn would lead to further great re- 
ductions in the cost of health care and increases in the 
quality of life. To be successful, this research training 


. requires associated strong clinical programs. 


Teaching Cost-Effective Medicine | 


The third portion of the workshop dealt with how to 
teach cost-effective medicine to house officers and 
subspecialty trainees. It began with this statement by 
Dr. Hurst: “At the outset, I assume that each of us 
wants to deliver the best possible patient care. Ac- 
cordingly, the cost of proper care is legitimate. It fol- 
lows that the cost of unnecessary items in patient care 
is not legitimate. My discussion will deal only with 
cardiology but I believe the principles can be applied 
to medicine as a whole. 

"We must become skilled, I believe, in the fol- 
lowing: 

* Defining the types of data to be collected using 
history, physical examination, chest x-ray and 
electrocardiogram. 

* Developing the skills just noted to the point that 
one is confident in their use. The idea that one 
must confirm a view using several different means 
is costly and often reflects a lack of confidence in 
one's basic skills. 

Using the routine examination (history, physical 
examination, chest x-ray and electrocardiogram) 
to make a diagnosis (with the New York Heart 
Association criteria) or to suggest what should be 
done to establish a diagnosis. 

Pausing, if the routine examination does not 
permit a diagnosis, and asking if it is essential to 
refine one's view about a patient. Will the re- 
finement help the physician to care for the patient 
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or will it simply be interesting? It is improper to 
order tests whose results are interesting to the 
physician but useless to the future care of the 
patient. 

e Having, if further tests are needed, the question 
in focus and using the test that will give a result 
with the highest predictive value. 

“It follows that physicians should know the questions 

that use of high technology answers. These questions 

are generated by a thinking physician who is highly 
skilled at routine examination. It is improper to order 
several tests that might answer the same question 
when one gives a test result with a predictive value of 

95% and another gives a test result with a predictive 

value of 30%.  — 

“The best medicine is produced by thoughtful phy- 
siciang who understarid how to use modern technology 
to answer justifiable questions they have about their 
patients." 

The general approach jüst presented was accepted by 
the group. The problem, of course, is one of imple- 
mentation. Points for and against the development of 
algorithms were discussed. One view was that such an 
approach would be helpful and offer necessary guide- 
lines for quality care and cost control to the trainees. 
Another view was that such an approach would be in- 
terpreted by some as regimentation of medical 
thought—a form of “cookbook medicine.” 

Some of the participants discussed the contradiction 
posed by teaching academic medicine and simulta- 
neously attempting to limit what is ordered for patients. 


Most participants agreed that students and house staff 
must be taught the sensitivity, specificity and predictive 
value of test results. Furthermore, the trainees' role 
model on rounds must teach and reinforce the concepts 
of cost-effectiveness. | l | 

All agreed that medical schools and house staff 

programs must monitor the trainees’ capability in 
basic clinical skills. Perhaps the trainee should not 
move on to other activities until these basic skills have 
been mastered. . 
. Some suggested giving the house officers a copy of a 
patient’s bill for each day. Others elaborated on this and 
wondered if a limited number of slips or chits could be 
given to house officers to order tests for their patients. 
A computer printout comparing one resident’s perfor- 
mance with the others would help to teach appropriate 
test ordering. No one had used financial reward (or 
punishment) as an incentive to change habits, although 
rationing was reported to have been used successfully 
at Los Angeles County Hospital. The participants felt 
that it would remain important to teach house officers, 
including cardiology trainees, cost containment mea- 
sures needed for safe, effective medicine. 

It was noted that too often the house officer did not 
become secure in his or her own ability because of an 
inadequacy in basic skills. The more insecure the house 
officer feels, the more tests he or she is likely to order. 
The remedy for this is mastering the basic skills. High 
quality and low cost care are compatible goals, if not 
actually synonymous, and can be taught to cardiology 
irainees. 
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A Symposium: Potassium, Catecholamines and Beta Blockade 


| . Introduction 


DAVID P. LAULER, MD 


Stress hypokalemia represents a transient risk factor 
for sudden cardiac death for patients with ischemic 
heart disease.!? 

. It is not uncommon to gain clinical insight into an 
identified cardiology problem from a synthesis of 
seemingly isolated reports. The intriguing relation be- 
tween potassium, catecholamines and sudden cardiac 
death is a case in point. Sampson? in 1932 reported on 
the efficacy of potassium salts in the treatment of car- 
diac arrhythmias, and in 1936, D'Silva* reported on 
hypokalemia caused by infusions of epinephrine. The 
initial observation by Sampson was extended by the 
early work of Lown et al? on arrhythmogenesis associ- 
ated with acute hypokalemia in patients with digitalis 
intoxication. Emphasis was placed on the extracellular 
fluid concentration of potassium, and in particular, on 
the rapidity of the decrease in circulating potassium 
levels. For example, the rapid decrease in extracellular 
fluid potassium brought about by the use of intravenous 
diuretics enhances the probability of onset of cardiac 
arrhythmias. With the widespread use of diuretic 
therapy in patients with hypertensive disorders—many 
of whom had concomitant ischemic heart disease—an 
association between diuretic-induced hypokalemia and 
the onset of ventricular ectopic activity was frequently 
noted. With the advent of ambulatory electrocardio- 
graphic monitoring, more elegant studies delineating 
this association were reported, among which a report by 
Holland et al® is frequently cited. 

| During this time, additional important information 
was accruing on the relation between catecholamines 
and their effect on potassium transport. Studies by 


Dury’ in 1951 and by Todd and Vick® in 1971 focused 


on the role of epinephrine, as distinct from insulin, as 
an operative control system in potassium transport. 
Elegant studies by Clausen and Flatman? in 1977 ush- 


‘From the Department of Medicine, Lawrence and Memorial Hospitals, 


New London, Connecticut. 


ered in the modern era by proposing that epinephrine, 
through a specific membrane receptor-site attraction, 
activated a sodium-potassium exchange mechanism 
resulting in a decrease in extracellular potassium levels. 
The specific membrane system involved is the so- 
dium/potassium' adenosine triphosphatase system, 
which exerts increased activity when stimulated by the 
interaction between epinephrine and specific Bs-re- 
ceptor sites with a dominant location on muscle cells. 

Current clinical investigations were ushered in with 
the key report of Rosa et al!? in 1981, which initiated a 
geries of reports concerning the effect of infused cate- 
cholamines on the dispersion of administered potassium 
loads. Simultaneously DeFronzo et al!:1? were reporting 
on the role of insulin versus catecholamines in potassi- 
um homeostasis. 

The present excitement was generated by critical 
observations reported in 1983 by Brown et al.1? Their 
reports on the potential importance of hypokalemia due 
to Ds-receptor stimulation by circulating epinephrine 
were extended by Struthers et al/4 who examined the 
favorable effects of nonselective versus cardioselective 
D blockers on the amelioration of epinephrine-induced 
hypokalemia. An incidental (but also important) ob- 
servation was reported by Morgan,!? who noted that 


hypokalemia was not an uncommon event as noted on 


hospital admission of the acutely ill. Figure 1 shows a 
working schema for the association between stress hy- 
pokalemia and sudden cardiac death. 

The 3 major potassium control systems (insulin, 
catecholamines and aldosterone) can be triggered by a 
variety of events, many of which are common clinical 
occurrences. The biochemical marker of these triggering 
events is a transient hypokalemia induced by epi- 
nephrine. In patients with vulnerable zones of ischemic 
myocardium at risk, a localized perturbation of cardiac 
membrane ionic gradients can result in reentry-type 
ventricular ectopic activity. Becausé catecholamines 
exhibit arrhythmogenic properties independent of their 
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FIGURE 1. Working schema of the assoclation between stress hypo- 


kalemia and sudden cardiac death (SCD). CHO = carbohydrate; Kt = 
potassium; VEA = ventricular ectopic activity. 


effect on potassium ionic movement, an additive effect 
for the genesis of ventricular ectopic activity can occur. 
Such ventricular ectopic activity can lead to ventricular 
fibrillation and sudden cardiac death. Supporting ob- 
servations for this are found in the works of Cole,!® 
Dyckner,!? Vincent,!8 Nordrehaug!? and their co- 
workers. 

To further our clinical understanding of the intrigu- 
ing relation between potassium, catecholamines, cardiac 
arrhythmias and the use of -blockade therapy, an in- 
terdisciplinary conference was held in New York, New 
York, in June 1984. The conference was chaired by Drs. 
James Schoenberger and William Frishman. The pre- 
sentations and open discussions from this conference 
form the basis for this special issue of The American 
Journal of Cardiology. We were particularly pleased to 
have Dr. Morris Brown as our leadoff speaker, and to 
have Drs. H. Vincent and J. E. Nordrehaug, who made 
crucial observations concerning the important role of 
B» blockade, participate. 

Conference participants were pleased to receive an 
overview report by Dr. Paul K. Whelton of Johns 
Hopkins Medical Center who gave a summary of the 
discussions from the International Conference on Po- 
tassium, which took place at Johns Hopkins a short time 
earlier. Because the Hopkins’ conference will soon be 
the subject of a book published by Marcel Dekker, Inc., 
Dr. Whelton’s presentation to our conference has been 
omitted from these proceedings. Also, Dr. Jerome Co- 
hen’s presentation on the Multiple Risk Factor Inter- 
vention Trial concerning the association between pre- 
mature ventricular contractions and diuretics is omitted 
because of publication elsewhere. 

Discussions engendered by our working sessions in 
New York refocused attention on the £8; moiety of the 
nonspecific 81/82 blockers. Although it is well known 
that the cardiac effects of 8 blockade are attributable 
to blockade of the cardiac £4 receptors, it is now also 
known that the mechanism of stress-induced hypoka- 
lemia involves a 82 receptor phenomenon, and therefore 


requires 82 receptor blockade for favorable modifica- 
tion. Thus, 8-blocking agents with both 6, and 5 
components can now be viewed as having elements of 
cardioprotection due to £4 cardiac effects and £s po- 
tassium effects. | 

Such new information focuses interest on the ad- 
renergic nervous system as a major control system for 
the transport of potassium ions.” The nonspecific 81/82 
blockers previously had been known to cause a slight 
increase in serum potassium levels in some patients on 
long-term therapy, an increase attributable to chronic 
suppression of the renin-angiotensin-aldosterone sys- 
tem. The participants at this conference have expanded 
this knowledge with new information concerning the use 
of the nonselective £,/85 blockers to favorably modify 
transient hypokalemia associated with increases in 
circulating epinephrine levels. The 91/85 blockers thus 
may be viewed as having a dual effect on potassium 
metabolism as exemplified by chronic renin suppression 
and B» blockade of membrane receptors governing po- 
tassium transport. 

We thank the participants for their contributions to 
the conference and this supplement issue. 
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Hypokalemia from Beta-Receptor Stimulation 
by Circulating Epinephrine 


MORRIS J. BROWN, MD 


| 
Beta;-receptor stimulation is required for cate- 
cholamine-induced hypokalemia to occur. This hy- 
pokalemia Is not mediated by insulin, renin or aldo- 
sterone. Catecholamine-induced hypokalemla can 





bé prevented by selective 8, blockade, which does 
not abolish the inotropic effect of epinephrine. 


(Am J Cardiol 1985;56:3D-9D) 





The fact that adrenaline has pronounced effects on 
serum potassium is not new. What is new is the possi- 
bility that it may be of physiologie, or at least patho- 
physiologic, relevance: One of the earliest reports of the 
effect of adrenaline on serum potassium was that of 
D'Silva in 1934.! Another early report was from Todd 
and Vick? and included an illustration of the biphasic 
effects of epinephrine on plasma potassium. There is an 
early a-receptor effect with an increase in serum po- 
tassium, which is due to the liver extruding potassium, 
followed by a B-receptor effect causing a decrease in 
serum potassium. When the potassium level in both 
arterial and. hepatic vein blood is measured immediately 
after the injection of adrenaline, there is an initial in- 
crease in potassium that is much larger in the hepatic 
vein. This is followed by a more sustained decrease in 
both the hepatic verious and arterial levels. This de- 
crease is almost certainly a B receptor-related event. 
Rose et al? reported in 1980 that the infusion of po- 
tassium into normal subjects leads to an increase in 
serum potassium, -but if the infusion of potassium is 
accompanied by infusion of epinephrine, then this in- 
crease in potassium is greatly reduced. They showed 
that this is not due to changes in urinary excretion of 
potassium because the excretion rate was also de- 
creased.? When potassium was infused in the presence 
of the B blocker propranolol, which blocks the effects 
of circulating catecholamines, the increase in potassium 
during potassium infusion was exaggerated. This was 
the beginning of the idea that epinephrine has an effect 
in decreasing the response to potassium load—pre- 
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sumably by pushing potassium into cells, not by push- 
ing it out in the urine. 

Todd and Vick? examined a wide variety of organs 
that influence the circulating potassium level. They 
showed that in rats after nephrectomy, potassium 
chloride infusions resulted in increases in serum po- 
tassium of +4 mEg/liter. They then successfully ablated 
a series of organs to examine the impact of the ablation 
on serum potassium. When the kidneys, the adrenals 
and the sympathetic adrenergic system, as well as the - 
pancreas in diabetic patients, were ablated, a horrific 
plasma potassium level of 11.4 mEq/liter was recorded. 
Removal of the sympathetic system caused a large in- 
crease in serum potassium over and above the effect of 
the removal of kidneys, adrenals and pancreas. 

Clausen and Flatman have been largely concerned 
with unraveling the mechanism of hypokalemia, based 
on in vitro work.45 They worked with the soleus muscle 
of the rat and showed that the mechanism for epi- 
nephrine-associated hypokalemia is likely to be related 
to sodium/potassium adenosine triphosphatase 
(ATPase) stimulation, probably occurring through 6; 
receptors. The mechanism they used to unravel this was 
usually measurement of potassium-42 uptake into the 

soleus muscle, or reverse observation of sodium-22 loss. 
Initially after saturation of the tissue with radiolabeled 
sodium, there was a loss of sodium-22, which was re- 
versed by the addition of adrenaline to the system.? This 
effect is abolished by ouabain, consistent with epi- 
nephrine having an effect on sodium/potassium 
ATPase. 

The question has often arisen as to whether adrena- 
line or noradrenaline i is the more important catechol- 
amine in control of potassium metabolism. Clausen and 
Flatman examined this question, again using mea- 
surements of potassium-42 uptake or sodium-22 loss. 
When they looked at maximal doses of adrenaline and 
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noradrenaline they noted comparable effects on the 
system.* Dose-response curves show that the effects of 
adrenaline on the rates of sodium loss do occur at lower 
doses than those for noradrenaline. However, in the end 
both have the same maximal effect. This is consistent 
with this being a S-receptor event. 

This adrenaline effect on potassium influx and so- 
dium efflux is abolished by propranolol, which shows 
that it is a 8-receptor and not an a-receptor effect.5 
When Clausen and Flatmar used metoprolol, which is 
partially a £4 selective antagonist, they achieved less 
blockade of the potassium influx or sodium efflux. This 
again is consistent with the idea that £5 blockade is re- 
quired to block the effect. 8, selective blockade is not 
as efficient. . 

Our own clinical studies have taken 2 N First, we 
looked at the effect of adrenaline compared with iso- 
proterenol on changes in serum potassium. Later we 


looked at the effect of selected 82 antagonists on these: 


changes in potassium. Our interest was stimulated, be- 
cause at the time we first started epinephrine infusions 
in volunteers, we received a visit from Professor Epstein 
who talked about his epinephrine experiments. We had 
just started our epinephrine infusions, and when we 
measured serum potassium during these, we were 
somewhat surprised by the magnitude of the changes. 
Figure 1 shows our results from epinephrine infusion 
at 0.1 ug/kg of body weight/minute over a period of 2 
hours in 6 normal volunteers. The plasma epinephrine 
concentration incredsed rapidly during infusion, then 
returned abruptly to normal at the end of infusion. The 
plasma potassium levels decreased by around 0.8 
mEq/liter and in some subjects a decrease as low as 3 
mEdq/liter during infusion was observed. The return of 
.potassium toward baseline was nowhere near as rapid 
as the return of the plasma epinephrine concentration. 
The relevance of this phenomenon to myocardial in- 
farction is obscured by data in which simultaneous 
levels of adrenaline and potassium have been measured. 
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FIGURE 1. Changes in plasma potasslum (K*) and epinephrine (AD) 
concentrations during and after epinephrine Infusion in 6 healthy vol- 
unteers. Rate of Infusion was 0.1 ug/kg of body weight/minute. Values 
are means + standard deviation. 


These data can be misleading, because if the measure- 
ment is taken an hour or so after myocardial infarction, 
the plasma epinephrine level may have returned almost 
to normal. But that does not mean that it has not al- 
ready had an effect on decreasing serum potassium. 

The dose-response curve for this decrease in potas- 
sium is shown in Figure 2. During incremental doses of 
infused epinephrine the decrease in serum potassium 
started at infusion rates of 0.04 ug/kg of body weight/ 
minute, which caused an approximate increase of 
plasma epinephrine to 0.4 ng/ml, well within the range 
seen after myocardial infarction. In this dose range, free 
fatty acid levels are elevated. This observation may be 

relevant to the suggestion that free fatty acids have a 
cardiotoxic effect in the clinical setting of acute myo- 
cardial infarction. 

In our studies of hypokalemia, we took a direction 
largely dictated by another observation. Not only was 
the return of potassium levels toward normal somewhat 
delayed after epinephrine infusion compared with the 
rapid decrease in plasma adrenaline, but the increase 
in heart rate was also greatly prolonged. One explana- 
tion of this persistent tachycardia after the plasma 
epinephrine concentration returned to normal is that 
epinephrine accumulated within sympathetic nerve 
endings by well-known mechanisms and then was re- 
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leased again. We decided to investigate this by com- 
paring the effects of epinephrine on heart rate with 
those of isoproterenol, because isoproterenol is not a 
substrate for the uptake process by which epinephrine 
would be concentrated in nerve endings (Fig. 3). 

Comparison of isoproterenol and epinephrine was 
very useful for determining the mechanism of epi- 
nephrine- induced hypokalemia. We compared the ef- 
fects on heart rate of these 2 catecholamines infused at 
levels we had predetermined to cause a similar tachy- 
cardia during the infusion. When compared with epi- 
riephrine (which causes à prolonged tachycardia after 
its infusion), the heart rate after an isoproterenol 
infusion decreased much more rapidly. Although still 
prolonged compared with its plasma concentration, it 
was not as prolonged as that of epinephrine. The most 
likely explanation is that epinephrine is accumulated 
and re-released from the nerve endings. 

: Comparison of the effects of these 2 catecholamines 
on plasma potassium has been helpful in determining 
the mechanism of hypokalemia. With epinephrine we 
see a decrease in plasma potassium of about 0.8 mEq/ 
liter. The infusion rate was 0.1 ug/kg of body weight/ 
minute. With isoproterenol a small iricrease in plasma 
potassium was seen, but this was not significant. Vin- 
cent? presents slightly different data, and I think it is 
probably a question of dose. We use a dose of isoproter- 
enol of 0.2 ug/kg of body weight/minute. The only 
mildly satisfying explanation is that although we con- 
sider epinephrine to be a nonselective f agonist, it is 
mildly B5 selective. For doses that cause comparable 
tachycardia there is a greater degree of f stimulation 
with epinephrine and hence hypokalemia. 

The differences between the response of epinephrine 
and isoproterenol were useful in determining the 
mechanisin of hypokalemia, because we were then able 
to look at their effects on certain endocrine parameters 
and hence exclude these parameters from responsibility 
for hypokálemia. Isoproterenol and epinephrine caused 
almost identical increases in reriin, and so renin could 
not be responsible for the hypokalemia because we 


would expect a lesser increase with isoproterenol. . 


Similarly, with aldosterone no significant change in 
plasma aldosterone concentration occurred during ei- 
ther epinephrine or isopraterenol infusion. This disso- 
ciation between renin and aldosterone levels is a little 
perplexing, but it is not a new observation. In addition, 
the change in plasma potassium is too rapid to repre- 
sent an aldosterone effect. 

The hormone most qualified to be acting as a second 
messenger for the hypokalemia is insulin. In fact, as has 
been noted by Clutter et al,’ insulin levels are actually 
su bpressed by epinephrine owing to its dominant 
a- eceptor effects on the islets. In our experiments in- 

in levels decreased during epinephrine infusions. 
There was an immediate rebound in insulin levels after 
the end of infusion, which was probably due to the fact 
that epinephrine has eleyated blood glucose, and the 
level of glucose in the blood remains high for longer than 
the epinephrine levels after the infusion; the glucose can 
then stimulate insulin output. Isoproterenol has a weak 


B-receptor effect on insulin raising the levels, but the 
main conclusion from this observation is that insulin 
clearly is not responsible for hypokalemia because in- 
sulin levels go the “wrong” way during epinephrine 
infusions.’ 

We then conducted a second experiment to look at 
the effect of the investigational selective £5-receptor 
antagonist, ICI 118551. This drug has no effect on in- 
hibiting exercise-induced tachycardia, and it does not 
inhibit the systolic time interval shortening during 
infusion of dobutamine, a £4 selective agonist. Clinical 
pharmacologists would now be satisfied that this is a 
selective £5 antagonist. Most of the investigators who 
have used this drug—it is still investigational—have - 
used it at higher doses than we have. From the history 
of such drugs as atenolol and metoprolol; which are 
never às selective as £0, antagonists in therapeutic 
practice as orie would like to believe from in vitro data, 
it is necessary to "go down" the dose-response curve 
because the lower the dose, the greater the selectivity. 
Two doses, 5 and 2.5 mg, were used. The study (dou- 
ble-blind) was very simple. Epinephrine was infused for 
60 minutes at half the previous dose—0.05 ug—on 3 . 
occasions, after administration of either placebo or one 
of the doses of ICI 118551, the 8» antagonist.? 

Heart rate increased when epinephrine was infused 
after placebo, but after the 05 antagonist heart rate 
showed no change or a small decrease (Fig. 4). Of course, 
what happened is that the addition of 95 blockade to 
epinephrine effectively converted it to norepinephrine. 
During the infusion of epinephrine after the Bo antag- 
onist, an increase in mean arterial pressure and the 
expected reflex bradycardia occurs. Thus, the 62 an- 
tagonist does not Bocconi act at the level of the heart 
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FIGURE 3. Effect of epinephrine (Epi) and isoproterenol (Iso) infusion 
on heart rate in 6 normal volunteers. Values are means + standard 
deviation. Infusion period Is represented by the long box. Postinfusion 
values for epinephrine were significantly different from those for Iso- 
proterenol (p «0.01, 2-way analysis of variance). * and ** = signifi- 
cantly different from placebo (p «0.05, p «0.01 by paired t test, re- 
spectively). Adapted from N Engl J Med.” 
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to antagonize tachycardia although there has been in- 
terest recently in the existence of f; adrenoceptors i in 
the atria. 

. The effects on potassium were of interest. When 
adrenaline was infused after placebo there was a small 
lecrease consistent with the lower dose of epinephrine 
nen inthe ils (Fig. 5). Both doses of the antagonist 
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FIGURE 5. Effect of ICI 118551 on changes In plasma potassium during 
and after infusion of epinephrine. Epinephrine was Infused at a rate of 
0.05 44g/kg/minute for 1 hour (long box) on 3 occasions; the 6 subjects 
were studied after they recelved either ICI 118551, 2.5 or 5 mg, or 
placebo. Values are means + standard deviation. With placebo, values 
3efore infusion differed significantly from values after infusion (*p «0.05 
and **p «0.01, paired t test). Values with placebo also differed sig- 
iificantly from values with either dose of IC] 118551 (p «0.01, 2-way 
analysis of varlance). Adapted from N Engl J Med.” 


ICI 118551 almost completely blocked the decrease in 
plasma potassium, especially the 5-mg dose. This 
suggests that in man, epinephrine-induced hypokalemia 
is indeed a B action. 

Struthers et al? showéd that the decrease in plasma 
potassium that occurs during adrenaline infusions oc- 
curs at epinephrine concentrations similar to the 
pathophysiologic levels in myocardial infarction. They 
have studied a range of adrenergic antagonists that 
might affect the hypokalemic response. They compare 
the change with epinephrine infusion in serum potas- 
sium from baseline to peak response after administra- 
tion of either placebo or one of a variety of adrenergic 
antagonists? The nonselective drug timolol, which 
would seem to have the same effect as propranolol, 
completely blocks the decrease in potassium; in con- 
trast, the partially £1 selective drug, atenolol, does not 
completely block the decrease in potassium. They also 
showed that the combined a- and f- -receptor antagonist, 
labetalol, blocks the slight increase: in potassium that 
can occur if epinephrine has an unopposed a effect. . 

One of the most interesting observations reported by 
Struthers et al was that if volunteers were pretreated 
with thiazides (this obviously may apply to patients 
with myocardial infarction already on thiazide therapy), 
the effect of epinephrine on reducing potassium levels 
is additive to the effect of prior thiazide therapy.!° They 
compared changes in serum potassium with epinephrine 
infusion in placebo-treated subjects and in thiazide- 
treated subjects. The thiazide group started with a lower 
level.of plasma potassium and the level of plasma po- 
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tassium then decreased to a mean just under 2.8 mEq/ 
liter (Fig. 6). Even if potassium levels measured at the 
time of myocardial infarction are not directly related 
to prior thiazide therapy (but are perhaps more related 
to catecholamine release) and are low to begin with, the 
effect of an epinephrine surge may be hazardous be- 
cause it further decreases potassium levels. 

Figure 7 shows some results from our recent studies 
of the effect of digoxin on adrenaline-induced hypoka- 
lemia in rabbits. Digoxin had no effect in blocking 
adrenaline-induced hypokalemia, and this was at a dose 
of digoxin that produced therapeutic digoxin levels if 
one can be permitted to extrapolate from rabbit data. 
In some ways this is slightly surprising because digoxin 
is a sodium/potassium ATPase inhibitor. This is prob- 
ably related to the fact that digoxin's degree of so- 
dium/potassium ATPase inhibition is much less in 
skeletal muscle (where this hypokalemia is occurring) 
than in cardiac muscle. 


Clinical Implications 


What do these levels of epinephrine mean clinically? 
If this is an epinephrine effect, it is necessary to show 
that the levels of epinephrine observed during our 
infusions do indeed occur in vivo under certain condi- 
tions. As to which stimuli bring about epinephrine re- 
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FIGURE 7. Effect of digoxin on epinephrine-Induced hypokalemia In 

rabbits. Epinephrine was Infused for 1 hour in 6 rabbits 1 hour after they 
received an Intravenous Injectlon of elther digoxin or vehicle. Mean 
plasma digoxin concentration at the end of epinephrine infusion was 
1.5 nmol/liter. Kt = potassium. 


lease, clearly one of these is fright. When plasma epi- 
nephrine and norepinephriné levels of patients during 
cardiac catheterization were measured before and then 
during the catheter procedure (Fig. 8), there was a slight 
increase in norepinephrine values. There were several 
patients whose plasma epinephrine levels were elevated 
well within a range comparable to the levels we dem- 
onstrated during epinephrine infusion studies. 

Karlsberg et al!! reported on catecholamine levels in 
acute myocardial infarction patients. The mean peak 
epinephrine level in patients who subsequently died was 
3 ng/ml, which is more than 2 times the highest con- 
centration achieved by our infusions. Some of the hy- 
pokalemia that has been observed in myocardial in- 
farction patients could well be explained by these 
concentrations of epinephrine. Whether epinephrine 
or hypokalemia caused the deaths of these patients is 
a totally different question, and remains unanswered. 
Hypokalemia may simply be a marker of a more severe 
myocardial infarction causing a higher level of epi- 
nephrine release. 


Epinephrine, Potassium and Sudden Death 
in Squash Players 


The next direction in which we have turned is the 


' question of sudden death in squash players. Northcote 


and Ballantyne!” recently reviewed the death certifi- 
cates of 38 squash players who died during or just after 
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FIGURE 8. Stimulation of adrenaline release by fright. Plasma norepi- 
nephrine (NA) and epinephrine (AD) were measured in patlents 
undergoing cardiac catheterization. Each pair of circles represent data 
from 1 patient. 


8D A SYMPOSIUM: POTASSIUM, CATECHOLAMINES AND BETA BLOCKADE 


a game of squash in the United Kingdom during a year. 
Whether epinephrine-induced hypokalemia might be 
relevant to this sudden death phenomenon is of interest. 
Beta blockade exaggerates the increase in potassium 
that is normally seen during exercise. If one were to look 
for a teleologic explanation for the epinephrine-induced 
hypokalemia, my best guess would be that the role of 
epinephrine in potassium metabolism is to minimize the 
increase in potassium that occurs during exercise. 
After bicycle ergometry the plasma potassium level 
normally falls back to baseline over a very short period 
of time, but it does not fall below baseline; thus, the 
increase in potassium is of more interest. We wondered 
if we might see something different in squash players. 
First, squash is comprised of intermittent bursts of 
exercise, rather than sustained exercise such as in bi- 
cycle ergometry. Second, it is a Very competitive game. 
Third, many of the sudden deaths are described as not 
actually occurring during the game but just after its end. 
The hypothesis was that one would see a small increase 
in plasma potassium during the game, smaller than that 
seen during bicycle ergometry, with dips of potassium 
below baseline after the end of the game or after the end 
of a rally. We studied 6 subjects— normal volun- 
teers—on 2 occasions after either placebo or a s-an- 
tagonist administration while measuring a variety of 


parameters including Holter monitoring. We took ` 


measurements before the game and then during several 
bursts of game activity: immediately after they finished 
a burst of exercise, 90 seconds later and 3 minutes later. 
We also took additional measurements 10 minutes after 
the end of the game. Heart rate measurements con- 
firmed that the £5 antagonist, ICI 118551, had no effect 
on exercise-induced tachycardia, which was very pro- 
nounced. In our subjects (who were all nonsmokers and 
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FIGURE 9. Changes in serum potassium during and after rallies in a 


game of squash. Plasma potassium (K*) was measured in 6 normal ' 


volunteers who undertook a game of squash on 2 occasions 1 hour after 
receiving either ICI 118551, 10 mg, or placebo. Measurements were 
made before the match (pre-game), 20 minutes after the match (post- 
game) and at 0, 90 and 180 seconds after each gamo during the match. 
The values are mean + standard deviation. The “postburst” values are 
mean and standard devlation of values measured after at least 4 
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very healthy) we did not see any ectopic beats on Holter 
monitoring during the game. Northcote and Ballantyne 
reported a high rate of ectopic beats in their subjects 
who were older. We measured plasma catecholamines 
and there was a 3- to 4-fold increase during a burst of 
exercise with a very rapid decrease afterwards. 
Because the bursts of exercise were relatively short, 
the increase in potassium was not very great—just 
under 0.4 mEg/liter (Fig. 9). However, the magnitude 
and the rapidity of the decrease in potassium after the 
end of a burst of exercise were dramatic. Over only 3 
minutes a mean decrease of almost 1 mEq/liter and in 
some subjects a somewhat larger decrease resulted. The 
lowest level of potassium observed was just under 3 
mEq/liter. This decrease in potassium was certainly not 
completely blocked by the £5 antagonist (Fig. 9). This 
was predicted from the plasma epinephrine levels. They 
were elevated 3- to 4-fold but certainly nowhere near the 
levels we were achieving during epinephrine infusion. 
Thus most of this decrease in potassium is not due to 


adrenaline, and I am intrigued as to its cause. I suspect . 


that it may be related to glucose driving potassium back 
into the muscle at the end of the game. It may be that 
the decrease below the baseline level is due to epi- 
nephrine and can be blocked by the £5 antagonist. The 
combination of elevated epinephrine and reduced po- 
tassium concentrations, whether or not causally related 
in this case, could perhaps cause dysrhythmias in 
subjects with preexisting coronary disease. 

I am going to conclude by briefly showing some di- 
rections other investigators have taken, in particular, 
using the partial z agonist salbutamol. Leitch et al! 
have shown that salbutamol caused a decrease in po- 
tassium. They measured potassium, glucose and insulin. 
As would be expected from a partial 05 agonist, salbu- 
tamol elevated insulin and glucose. Single doses of sal- 
butamol also reduced plasma potassium. Leitch et al 
that this was not due to increased excretion of potassi- 
um in the urine because urine potassium also decreased. 
Presumably salbutamol was having the same effect as 
epinephrine. 

Salbutamol has provided some therapeutic value in 
patients with the hyperkalemic form of periodic pa- 
ralysis. These are patients whose muscle power drops 
dramatically during exercise or when given potassium. 
If they receive salbutamol after exercise the loss in 
power and the increase in potassium are prevented. 
Recently such partial 82 agonists have also been used 
in emergency treatment as an antipotassium substitute 
for insulin for hyperkalemia in renal failure patients. 
It is important to remember that the effect of this 
f/?-receptor stimulation is an acute effect and once a 
new steady state is established, a prolonged decrease in 
plasma potassium would not be expected. 


References 


1. D'Sliva JL. The action of adrenaline on serum potassium. J Physiol 
1934;82:393—398. 
2. Todd EP, Vick RL. dapi iln effect of epinephrine: analysis with ad- 
renergle agonists and Miss Am J Physiol 197 1;220: 1964-1969. 
3. Pv ione Iva P, Young L, Brown RS, deir Epstein 
modulation of Exeter potassium disposal, N Engl J Med 
9503024: 302:431-434. 


— 
x 


wee -=y Å 7 


August 30, 1985. THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 90 


, Clausen T, Flatman JA. The effect of catecholamines on Na-K trans 


transport 
vive membrane potential in rat soleus muscle. J Physiol 1977;270:383- 


. Clausen T, Flatman JA. B;-adrenoceptors mediate the stimulating effect 


of adrenaline on active el ic Na-K-transport in rat soleus muscle. 
Br J Pharmacol 1980;68:749—7565. 


Vincent HH, Man in't Veki AJ, Boomsma F, Schale Kamp MADH. Pre- 
vention of dU eS DT by nonselective beta blockers. 
Am J Cardiol 1975;56:10D--14D. 


, Clutter WE, Bier DM, Shah SD, tl dr PE. gales h plasma metabolic 
Clearance 


rates and physiol esholds for metabolic and hemodynamic 


ogic thr 
‘actions In man. J Clin Invest 1980;66:94—101. 
. Brown MJ, Brown DC, Murphy MB. Hypokalemia from beta 


2 Teceptor 
vri d by circulating epinephrine. N Engl J Med 1983;308:1414— 


, 8. Struthers AD, Oho cleciive d Rodger JC. The effects of car- 


11. 


dioeelective and nonselective -adr 


tor blockade on the hypo- 
kalaemic and cardiovascular responses to Sasi ary hormones in 
man. Clin Scl 1983;65:143-147. 


. Struthers AD, Whitesmith R, Reid JL. Prior thlazide diuretic treatment in- 
creases adrenaline-induced hypokalaemia. Lancet 1983; 1358-1361. 

RP, Cryer PE, Roberts R. Serial catecholamine response 

early In course of clinical acute myocardial infarction: relationship to 

infarct extent and mortality. Am Heart J 1981; 102:24~28. 


12. Northcote RJ, Ballantyne D. Sudden cardiac death In sport. Br Med J 


19835287: 1357-1359. 


13. Leltch AG, Clancy LJ, Costello JF, Flenley DC. Effect of intravenous 


infusion of salbutamol on to carbon dioxide and 


: ventilatory response to hypoxla 
on dicet rate and plasma potassium In normal men. Br Med J 1978;ii: 
365-367. 


Prevention of Epinephrine-Induced Hypokalemia 
by Nonselective Beta Blockers 


HIERONYMUS H. VINCENT, MD, ARIE J. MAN IN'T VELD, MD, FRANS BOOMSMA, PhD, 
and MAARTEN A.D.H. SCHALEKAMP, MD 


Experimental evidence is presented that activation 
f B. adrenoreceptors causes a dose-dependent 
Jecrease In plasma potassium, probably by shifting 
20tassium into the cell. By this mechanism epi- 
1ephrine may cause hypokalemia and predispose 


4ong-term homeostasis of body potassium is mainly 
‘ontrolled by the kidney; however, accumulating evi- 
lence suggests that epinephrine plays an important role 
n short-term potassium regulation. That epinephrine 
1as an effect on plasma potassium has been known for 
ver 40 years.! It causes a transient increase followed 
yy a sustained decrease in plasma potassium. In animal 
tudies it has been shown that the effects of epinephrine 
‘ould be mimicked by the combined infusion of the 
v-receptor agonist phenylephrine and the 6-receptor 
gonist isoproterenol. Administration of phenylephrine 
lone caused an increase in potassium. Regional dif- 
erences in plasma potassium concentration indicated 
hat potassium was released from the liver. Adminis- 
ration of isoproterenol caused a decrease in potassium, 
vhich was due to uptake by the liver and by skeletal 
nuscle.*:3 

In 1977, electrophysiologic studies by Clausen and 
"latman* provided an explanation for the effect of 8 
gonists on potassium. These investigators showed that 
'arious adrenoceptor agonists caused hyperpolarization 
f the cell membrane in rat skeletal muscle. This effect 
vas blocked by propranolol and ouabaine; in contrast, 
t was enhanced by the phosphodiesterase inhibitor 
heophylline. Alpha receptor blockade had no effect. 
3ased on these data they suggested a mechanism as 
hown in Figure 1: epinephrine (adrenaline) binds to the 
! receptor, leading to increased intracellular concen- 
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to cardiac arrhythmias. Prevention of these effects 
by nonselective 6 blockers may contribute to the 
cardioprotective action of these drugs. 


(Am J Cardiol 1985,56:10D- 14D) 


trations of 3’5’-cyclic adenosyl monophosphate (cAMP); 
cAMP stimulates membrane-bound sodium potassium 
adenosine triphosphatase. Because this. enzyme ex- 
changes 3 intracellular sodium ions for 2 extracellular 
potassium ions, it increases the negative intracellular 
potential. By this mechanism extracellular potassium 
is shifted into the cell.4 This hypothesis also explained 
the effect of theophylline. 


Adrenaline 






en aera B receptor 
---- adenyl cyclase 


Na* Na* Na* 
Se a uri Na KATPase 






phosphodiesterase 


“A 


Kt kt 





FIGURE 1. Cellular mechanism by which 8 agonists decrease extra- 
cellular potassium (K*). Activation of the f receptor leads to formation 
of cyclic adenosine monophosphate (CAMP), which stimulates mem- 
brane-bound sodium potassium adenosine triphosphatase (Na K 
ATPase}. This enzyme exchanges intracellular sodium ions for extra- 
cellular potassium fons, thus causing a shift of potasslum from the 
extracellular to the Intracellular compartment. ATP = adenosine tri- 
phosphate. 


eg 


August 30, 19853 THE AMERICAN JOURNAL OF CAHDIOLUGY — Volume o0 liU 


CHANGE IN 60 
HEART RATE 
beats/min zd 
40 
\ 
30 \ 
\ 
20 \ 
\ 
10 ta $ 
e l g + 
CHANGE IN 0 
PLASMA i &4 
POTASSIUM -0.1 
i / 
mmol/l 02 / 
-0.3 / 
/ 
7 
-0.4 
-0.5 
-0.6 
-0.7 
ISOPRENALINE 35 
DOSE | vi 
ng kg^ !min-! 0 
0 60 120 180 
TIME min 


FIGURE 2. Effects of continuous infusion of the nonselective f agonist 
Isoproterenol (Isoprenaline) on heart rate and arterial plasma potassium 
concentration In 10 subjects. Values are mean +: standard error of the 
mean. 
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In the early studies on these potassium shifts, epi- 
nephrine was used in nonphysiologic amounts, which 
made it difficult to determine if this effect was of 
physiologic importance. In a more recent study epi- 
nephrine, 1 ug/min, was shown to diminish the increase 
in plasma potassium during potassium chloride infusion 
by 8096. Propranolol, 7 mg intravenously, augmented 
the increase in potassium.’ These data indicate that 
endogenous catecholamines play a role in the disposal 
of sudden increases in extracellular potassium and that 
epinephrine in physiologic concentrations may serve to 
prevent hyperkalemia. 

A more physiologic way to increase extracellular po- 
tassium is muscular exercise. With exercise potassium 
leaks from the working muscles and enters the extra- 
cellular space. This normally causes an increase in 
plasma potassium levels. After 8 blockade with pro- 
pranolol, the increase in potassium with exercise may 
be dramatically increased, supposedly because of di- 
minished reuptake of potassium in the muscle cell. It 
has been suggested that this influence of B blockers on 
potassium metabolism may explain the adverse effect 
of muscle fatigue.® Again, the effect of 8 blockade on the 
increase in potassium is evidence that adrenergic ac- 
tivity with exercise serves a useful function to prevent 
hyperkalemia. On the other hand, in the absence of 
physical exercise, any increase in adrenergic activity 
may cause hypokalemia. 

Effects of Beta Agonists and Blockers 
on Arterial Plasma Potassium 


We have studied the effects of different 8 agonists 
and blockers on arterial plasma potassium in man.’ In 
10 subjects with borderline hypertension the nonse- 
lective 8 agonist isoproterenol, 3.5 to 35 ng/kg/min, was 
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infused in stepwise increasing doses every 30 minutes, 
to attain an increase in heart rate of about 40 beats/min. 
This caused a dose-dependent decrease in potassium 
amounting to 0.44 + 0.05 mmol/liter (mean + sem) (Fig. 
2). When in another group of subjects the same doses 
of isoproterenol were infused in 15-minute dose steps, 
the effect on potassium was similar. The decrease in 
potassium was quickly reversible after the infusion was 
stopped (Fig. 2). Therefore, it was very likely that the 
decrease in plasma potassium was due to a shift to the 
intracellular space rather than to potassium excretion 
by the kidney. 

A similar decrease in potassium occurred with other 
B agonists. Prenalterol, a 6; selective agonist, and sal- 
butamol, a £s selective agonist, were compared. Both 
drugs were given in incremental doses in order to in- 
crease heart rate by about 20 beats/min. With both 
drugs plasma potassium decreased, but for a given in- 
crease in heart rate the decrease in potassium was much 
greater with salbutanol (Fig. 3). In many subjects 
plasma potassium decreased to an abriormal level (Fig. 
4). The greater effect of salbutanol suggests that the 
decrease in potassium was mediated by £5 rather than 
£4 receptors. 

To further explore which f receptor subtype is in- 
volved in these potassium shifts, the infusion of 1so- 
proterenol was repeated after 7 days’ pretreatment with 
the nonselective 6 blocker propranolol, 80 mg 4 times 
a day, and with the £, selective blocker atenolol, 100 mg 
a day. When isoproterenol doses were increased to cause 
the same increase in heart rate as before B blockade, the 
decrease in potassium was even greater with atenolol. 
With propranolol, the effect on potassium was com- 
pletely abolished (Fig. 5). These data confirm that 
the decrease in potassium is a f» receptor-mediated 
effect. 

Man's natural > agonist is epinephrine. In 10 
subjects, epinephrine, 30 ng/kg/min, increased heart 
rate by 8 beats/min and decreased potassium by 0.34 + 
0.08 mmol/liter (mean + standard error of the mean). 
Thus, for a given increase in heart rate, the effect of 
epinephrine on potassium was even more pronounced 


Salbutamol 


FIGURE 4. Arterial plasma potassium 
concentrations before and after iso- 
proterenol (isoprenaline), 35 ng/kg/ 
min, prenalterol, 4 mg cumulative, and 
salbutamol, 175 ng/kg/min. Each iine 
represents 1 subject. 
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FIGURE 5. Effects of Infusion of Isoproterenol (isoprenaline) on heart 
rate and arterial plasma potassium concentration in 10 subjects. (a) 
= without pretreatment; (b) = after atenolol, 100 mg/day; and © = 
after propranolo! 80 mg, 4 times a day. Values are mean + standard 
error of the mean. 


than that of the 6-agonist drugs. In a dose-response 
study, Struthers et.al? infused epinephrine in doses up 
to 60 ng/kg/min to cause plasma levels as high as those 
found after acute myocardial infarction. With this dose 
potassium decreased an average of 0.8 mmol/liter. 
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FIGURE 8. Flattening and Inversion of the T wave of the electrocar- 
diogram during Infuslon of salbutamol. Votoge moroaseg from top to 
bottom. ) 





ale 7. Development of a U wave, fused with the T wave of the 
electrocardiogram during infusion of salbutamol. (Dosage increased 
from|top to bottom.) 
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Clinical att 
 iBypoltalemis and cardiac arrhythmias have been. 


recognized as adverse effects of treatment with f? ago- 


. nist drags in premature labor? and in asthma.1011 An 


increase in the incidence of fatal asthmatic attacks, 


often in young patients, coincided with the widespread 
introduction of f» agonist drugs in the therapeutic 
regimen of this disorder.!^ That most of these were re- 
ported as sudden deaths suggests that 8 agonist-induced 
hypokalemia and cardiac arrhythmias could have con- 
tributed to these patients' deaths. 

The clinical significance of epinephrine-induced 
hypokalemia is supported by the frequent occurrence 
of increased epinephrine levels and hypokalemia in such 
stressful situations as trauma,!* surgery, stroke, col- 
lapse!l^ and myocardial infarction.1*!9 After acute 
myocardial infarction, hypokalemia is clearly associated 
with an increased incidence and severity of cardiac ar- 
rhvthmias!9186 and death.15 

. Although, in general, hypokalemia predisposes a 
patient to cardiac arrhythmias, it remains unclear if this 
is true for the epinephrine-induced hypokalemia that 


is due to increased intracellular potassium uptake rather 


than potassium depletion. Therefore, in our study of the 
effects of prenalterol and salbutamol, electrocardio- 


grams were examined for changes indicative of hypo- 


kalemia. À standard lead II was used. During the infu- 
sion of salbutamol in some patients asymptomatic 
flattening and inversion of the T wave were observed 
(Fig. 6). In a few patients a U wave emerged, fused with 
the preceding T wave (Fig. 7). These changes may have 


- been due to the decrease in potassium. 


Hypokalemia may cause prolongation of the QT in- 
terval. For each dose of the B agonists, we measured the 
QT interval at a paper speed of 100 mm/sec in 10 con- 
secutive heart cycles. The measurements were averaged 
and corrected for heart rate, using the Bazett formula: 
QTc = QT/4/ R-R interval (sec). When comparing the 
£4 agonist prenalterol with the 82 agonist salbutamol, 
we found that the heart rate-corrected QT interval was 
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iot changed by prenalterol, but it was clearly prolonged 
iy salbutamol (Fig. 8). T'here is a well-documented as- 
ociation of QTc prolongation with ventricular ar- 
hythmias and sudden death; this has also been ob- 
erved in patients with acute myocardial infarction.17.19 
"hus, the observation that -receptor stimulation 
rolongs the QTc interval further supports that »-re- 
eptor stimulation is an arrhythmogenic factor. 
In view of the possible deleterious effects of B5-re- 
eptor stimulation, we suggest that in some clinical 
ituations, for instance during the acute stage of myo- 
ardial infarction, blockade of 82 receptors by nonse- 


active £ blockers may offer a considerable therapeutic 


dvantage over so-called cardioselective 8 blockers. 
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Moderator: 


DAVID P. LAULER, MD 


Participants: MORRIS J. BROWN, MD, JEROME D. COHEN, MD, 
MD, VINCENT L. De QUATTRO, MD, 


PETER F. COHN, MD, C. RICHARD CONTI, 
WILLIAM H. FRISHMAN, MD, RICHARD GORLIN, MD, JOEL KUPERSMITH, MD, 
STUART L. LINAS, MD, HILTRUD S. MUELLER, MD, WILLIAM C. ROBERTS, MD, 


DAVID G. SHAND, MD, and HIERONYMUS H. VINCENT, MD 


Dr. Gorlin (New York, New York): I was intrigued by the 
reports from Drs. Brown and Vincent. They focused on the 
concentration of serum potassium only but in any discussion 
of membrane potential change and shifts of cations, we have 
to.be concerned about the pH, and what is happening to 
plásma calcium, magnesium and sodium. Are we simply 
looking at the beginning observation in regard to these 
adrenaline-related changes in potassium? Is this one of the 
reasons we avold the question of causality, because, perhaps, 
changes in magnesium have something to do with this? If you 
do:not have the ratios of sodium and potassium for example, 
you really do not know whether you have affected the intrinsic 
irritability of a cell in terms of its membrane potential. 


Dr. Brown (London, England): Your points are well taken. 
Every time I come to the United States someone asks about 
magnesium. With calcium and sodium, there is absolutely no 
change. We have not measured pH during our adrenaline 
infusions. During our study of squash players, we were very 
concerned that any changes we observed might be due to pH. 
We decided against doing arterial pH measurements, because 
the game of squash might have been offset by the distractions 
of an arterial cannula. We used arterialized venous samples. 
During discussions of muscle with physiologists, we were told 
that pH was unlikely to change greatly even during the sort 
of exercise that is undertaken in squash. Indeed, we saw very 
little change in the pH. I think the mean fall was 0.01 units, 
which was not of sufficient magnitude to explain the change 
in potassium. It is noticeable that after a rally of squash ends, 
the player tends to hyperventilate. This may account for some 
of the rapidity of the decrease in potassium, but only a small 
part. Magnesium is the main question that we have to follow 

think that if the presumed explanation of sodium/po- 
tassium adenosine triphosphatase stimulation is correct, one 
would not expect to see a decrease in magnesium. However, 
in relation to thiazide-induced problems, it obviously could 
be additive, and plasma magnesium apparently does decrease 
during exercise. 


Dr. Vincent (Rotterdam, The Netherlands): I did measure 
pH in the patients who received isoprenaline infusions, and 
there was absolutely no change in pH. I have very little data 
on magnesium. 


Dr. Gorlin: It may be that local tissue changes are impor- 
tant. If you are talking about myocardial infarction, what is 
the extracellular and intracellular pH in relation to the con- 
centrations of potassium? This would be important in any 
issue of arrhythmogenesis irrespective of what plasma po- 
tassium levels are. It may be more than a SMOD of the sys- 
temic values being measured. 


Dr. Lauler (New London, Connecticut): To follow up on 
what Dr. Gorlin said—in the original reports there was men- 
tion of earlier reports that showed that the changes in myo- 
cardial potassium may have been in a different direction from 
those reported in muscle potassium. 'T'his is a little broader 
question than Dr. Gorlin asked, but could you comment on 
that, and whose observations they were? 


Dr. Brown: The data were not ours and, in fact, have not 
been published yet. They were referred to in a discussion by 
Clausen at a symposium like this. He found that the effects 
he observed in the rat soleus muscle might go the opposite way 
in cardiac tissue. That is, the effect of adrenaline on potassium 
uptake in the heart might actually be the reverse of what is 
seen in the soleus muscle and systemic circulation. In the 
whole animal, this would be very difficult to follow up. We 
have been trying to measure individual tissue uptake of po- 
tassium-42 in the whole animal in response to adrenaline 
infusion. One runs into the obvious problem that in the whole 
animal the adrenaline dilates the vessel bed in skeletal muscle. 
One does indeed observe greater uptake of potassium-42 in 
skeletal muscle than in the heart, and if anything, adrenaline 
leads to apparent loss of potassium-42 from the heart. It is 
difficult to know, however, if this is nothing more than 
adrenaline shifting the blood to the skeletal muscle bed. Ad- 
ditionally, adrenaline could be expected to increase potassium 
loss from the heart, as a consequence of the increase in cardiac 
contractility or rate of contraction. I would be interested to 
hear what cardiologists have to say about that. 


Dr. Kupersmith (New York, New York): Beta receptors 
influence cardiac sodium/potassium adenosine triphosphatase 
as strongly as they do cyclic adenosine monophosphate. For 
example, after local catecholamine superfusion in vitro the 
expected ionic changes due to enhancement of the sodium- 
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potassium pump occur: decreased intracellular sodium and 
increased intracellular potassium. 

However, other factors are also anorani. The sodium- 
potassium pump is affected by the level of extracellular po- 
tassium which, in turn, may be influenced by the B5 receptor. 
Thus, if this s receptor is stimulated; the following may occur: 
there may be little or no direct effect on the cardiac sodium- 
potassium pump per se, but there will be à decrease in extra- 
cellular potassium due to effects on the peripheral pumps. 
This change in extracellular potassium will in turn have an 
indirect effect in inhibiting the cardiac sodium-potassium 
pump. 

Dr. Brown: The effects of adenosine triphosphatase inhi- 
bition is, as I am rapidly discovering, a very difficult area in 
which to unravel cause from effect. One has to be careful when 
examining the effects of ouabain to ascertain that one is 
looking at primary effects: blockade of sodium or potassium 
flux stimulation by ouabain does not prove that the stimula- 
tion (e.g., by adrenaline) was directly from sodium/potassium 
adenosine triphosphatase. Our observations with digoxin at 
therapeutic doses made us wonder indeed whether sodium/ 
potassium adenosine triphosphatase is the target of adrena- 
line. One has to remember that in the in vitro experiments of 
Clausen he was looking at both very large doses of adrenaline 
and even larger doses of ouabain. 'T'his may, in fact, be of some 
interest because there has been a long running debate as to 
whether the effects of digoxin are entirely mediated through 
sodium/potassium adenosine triphosphatase inhibition in the 
heart. As far as I can tell from published studies, it appears 
to be true that digoxin has a much greater affinity for cardiac 
sodium/potassium adenosine triphosphatase than for skeletal 
muscle. It may be that the heart is more likely to be blocked 
by digoxin. But if adrenaline has a lesser effect on this pump 
in the heart, then it may explain why digoxin does not block 
hypokalemia, but is still having its protective effects on the 
heart. 


Dr. Vincent: Clausen has commented in a conference that 
the effects on the heart were indeed the same as in skeletal 
muscle without mentioning what animal he had examined. 
However, I think it is quite possible that even if this effect 
occurs in the heart as well as in skeletal muscle, the enormous 
amount of skeletal muscle takes up so much of the potassium 
that for the heart it is really the same as potassium depletion. 
We should consider that possibility. 


Dr. Conti (Gainesville, Florida): Dr. Brown, you presented 
data about epinephrine infusion increasing serum glucose; I 
thought you would say that the insulin would increase, and 
the potassium would then decrease. That did not happen. This 
was based on some experiments that were done in Missouri, 
I believe. 

Dr. Brown: What I said was that Cryer has also observed 
that adrenaline suppresses insulin. The data I showed you 
Were our own. 

Dr. Conti: Was their experiment precisely the same as 
yours in terms of infusion of epinephrine? 

Dr. Brown: Yes. It is interesting that if you give adrenaline 
in the presence of an @ blocker, you see an increase in 
insulin. 

Dr. Conti: What is the shortest time of epinephrine infu- 
sion required to decrease the serum potassium? The reason 
I ask this question is to determine the clinical relevance of 2 
hours of epinephrine infusion. 

Dr. Brown: That is a very important point. The data I 
showed you of our dose-response curve with adrenaline were 
‘rom 5-minute increments of adrenaline infusion. We saw our 


first decrease in potassium at a dose of 0.04 ug/kg/mm, which 
was preceded by 3 previous rates. It is possible that the pre- 
vious rates had a cumulative effect, but even so, at 5 minutes 


a definite decrease was observed. 
Dr. Cohn (Stony Brook, New York): I have a question 


based on the difference in the response to isoproterenol. The 
normal volunteer subjects in Dr. Brown's group differed from 
Dr. Vincent's group in that their baseline heart rates were 
much lower. In fact, Dr. Vincent's group had a baseline heart 
rate of about 70 beats/min, which one would expect. When Dr. 
Brown described his squash players, I noticed that their 
baseline heart rate was in the 70 beats/min range, which is also 
what one would expect. On the other hand, in his 6 normal 
volunteers the mean resting rate was 55 beats/min, indicating 
that these young volunteers were probably athletes or other- 
wise were in good condition. Could this possibly explain the 
difference in the isoproterenol results, or do you have other 
data, Dr. Brown, in volunteers with normal or near-normal 
physiologic control heart rates? 


Dr. Brown: There was one other difference that I noticed, . 
which is that Dr. Vincent said his patients were mild essential 
hypertensives and presumably from an older age group. I don't 
know the total answer to the question, but I can comment on 
the basal heart rate. First, there is a difference between the 
infusion study and the squash study: all the levels in the 
squash study were measured-with subjects about to start the 
game, whereas basal levels in the infusion study were taken 
after 1 hour of lying down in the clinical laboratory. In fact, 
I would actually dispute that the normal resting heart rate for 
a young volunteer who is not anxious is in the 70 beats/min 
range. If you have trained volunteers, who are used to having 
all these nasty things done to them and can lie down in the 
clinical laboratory without being worried, then the normal 
resting heart rate without their being athletes is in the 50 
beats/min range. If they are athletes, then we see levels down 
to 40 and even 30 beats/min. 


Dr. Vincent: My patients were between 20 and 40 years of 
age. 


Dr. Gorlin: Dr. Vincent, did you measure blood pressure 
in your differential catecholamine experiments, because that 
might have been very interesting—in those instances where 
B» stimulation or blockade produced an increase or a decrease 
in norepinephrine. Did it alter the nature of the blood pressure 
response as opposed to the heart rate response when you gave, 
let's say, an agonist like epinephrine, which gives you one kind 
of blood pressure response with a mixed a-f effect, compared 
to a situation in which norepinephrine dominates. In the latter 
situation you might anticipate more of an a-adrenoreceptor 
effect on blood pressure response. Did you make these kinds 
of determinations? 


Dr. Vincent: I am usually asked whether this increase in 
noradrenaline is not somehow baroreflex-mediated, because 
of the slight decrease that may occur in mean arterial pressure 
after isoprenaline. [ think there are quite sound arguments 
to say that that is not the case. If you ask me about the direct 
effects of this released noradrenaline, then, of course, this 
effect is compounded by the effects you get from the D agonist 
itself. That has always been a problem. When we studied the 
effects of salbutamol on blood pressure and noradrenaline 
levels, we observed something curious. Ás you might expect, 
because salbutamol is a Bo-receptor agonist, there was a slight 
decrease in blood pressure initially. But then at high doses 
there was a change. Blood pressure did not decrease any fur- 
ther, and systolic blood pressure actually increased. At the 
same time, noradrenaline levels increased. This might suggest 
that noradrenaline itself could be the cause of the increase in 
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blood pressure. But in these kinds of studies we have the direct 
effect of the B agonist itself versus the indirect effect through 
noradrenaline. That is why it is so important to have a con- 
stant level of the 8 agonist and impose some stimulus, such 
a8 the cold pressor test, to see if the effects of sympathetic 
activity are indeed exaggerated. 


Dr. Brown: Why do you think the increase in noradrena- 
line i8 not a baroreflex-mediated response to a decrease in 
mean arterial pressure? 


Dr. Vincent: Because as soon as blood pressure goes up, 
noradrenaline levels should go back down or at least decrease 
to a lower range. During the highest dose of salbutamol, both 
blood pressure and heart rate increased, which would tend to 
stimulate baroreceptors and cause a lowering of sympathetic 
activity, yet coincidentally with these changes noradrenaline 

levels actually increase. 


Dr. Conti: One of the things that some people have been 
interested in is sudden death in marathon runners. Could 
some of the deaths have been due to exercise hyperkalemia? 
I doubt that any of those marathon runners were taking 6 
blockers, because I personally have taken them and gotten on 
a treadmill; instead of being able to go to a heart rate of 212 
beats/min, I got to a heart rate of 140 beats/min in about 10 
minutes less exercise time. I don’t think you can complete a 
marathon and take 8 blockers at the same time. It is really 
bothersome to see a 7.4 mEq/liter potassium level, and I think 
this needs to be looked at more carefully. Maybe it has abso- 
lutely no relevance to anything. Under conditions of maximum 
stress with pH changes and potassium being that increased, 
it may mean nothing at all. Certainly it means a lot if you are 
just casually sitting around the room and your potassium is 
7.4 mEg/liter. 


Dr. Cohen (St. Louis, Missouri): My question is really a 
generic one for either Dr. Brown or Dr. Vincent, who focused 
beautifully on the plasma catecholamine levels. The question 
relates to the receptors themselves. Has either of you looked 
at differential studies with respect to the quality of the re- 
ceptors or changes in the sensitivity of those receptors? In the 


long-term use of 6 blockers, how about change in the actual 


quantity of the receptors? What effect might this have in 
terms of an effect on a given level of plasma catecholamine? 


Dr. Brown: I have no data other than what I can extract 
from reports. Acutely, it appears that administration of 8 
agonists such as isoprenaline leads to an early increase in B 
receptor number, and I still think that is an alternative to the 
prolonged tachycardia observed after discontinuation of 
adrenaline infusion. In the longer term, down regulation of 
receptor number could be expected after even as short a period 
of time as 3 or 4 hours. Beta receptors when measured on 
lymphocytes, for instance, decrease in number. 

As far as B blockade is concerned, the story— again, largely 
from lymphocyte B receptor numbers—is that after long-term 
B blockade, 8 adrenoceptor numbers are increased. This may 
be responsible, for instance, for the 6 blocker withdrawal 
phenomenon. Some people have shown increased sensitivity 
to igoprenaline infusions after withdrawal from 8 blockade. 
By contrast, if you use a drug such as pindolol, which is sup- 
posed to have partial agonist activity, you then reverse the 
down regulation of receptor numbers during long-term ther- 
apy and theoretically would see less of a withdrawal syndrome. 
However, I think one has to be very careful about extrapo- 
lating data from lymphocyte receptor number studies to 
cardiac tissue. One should probably only take seriously studies 
in which isoprenaline infusions have been done in parallel with 
lymphocyte receptor number and simultaneous measurement 
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of cardiac responses. Probably, B receptor sensitivity is in- 
creased after long-term therapy. 


Dr. Frishman (Bronx, New York): One of the issues re- 
garding that point is that if 6 receptor numbers and sensitivity 
increase with long-term §-blocker therapy, wouldn't the tol- 
erance effect become evident in the long-term treatment of 
hypertension with these drugs? 'The explanation, as you 
suggested, may be that the suspected catecholamine incre- 
ment is a way to try to overcome the blockade but it is not seen 
because norepinephrine levels decrease. In fact, that has been 
an explanation for the long-term efficacy of B blockers in 
treatment of hypertension. Do you think it is a presynaptic 
or -blocking action? 


Dr. Vincent: I think it is presynaptic B blockade. It could 
also be a central effect. That is very hard to disprove, although, 
of course, you see the effects with more water-soluble drugs 
as well. 


Dr. Mueller (Bronx, New York): We reported a study re- 
garding the effect of propranolol on plasma catecholamine 
levels in patients with acute myocardial infarction using in- 
travenous propranolol and also using a randomized double- 
blind placebo group.! Actually the reason that we measured 
catecholamine one-norepinephrine levels was because we were 
concerned that an increase could occur because of the response 
to the decrease in cardiac output. 'T'o our surprise, in those 
patients who received propranolol, the one-norepinephrine 
levels were sharply increased— 2.4 ug/liter. Propranolol also 
decreased the one-norepinephrine content in the systemic 
circulation significantly. This study compared 35 placebo- and 
35 propranolol-treated patients. 

We also showed that the degree of propranolol-induced 
decrease in plasma norepinephrine levels was related to this 
initial concentration. We are now in publication with the 
suggestion that this could be explained by presynaptic 
blockade of the 8 receptors by propranolol. 


Dr. Brown: As Dr. Vincent showed, there is a problem with 
B blockers affecting cardiac clearance of catecholamines, and 
it makes it very difficult to draw conclusions from the changes 
in plasma noradrenaline concentration as being due to changes 
in release rate. I think the question of whether B blockers in- 
crease, decrease or have no effect on noradrenaline release is 
unresolved. 


Dr. DeQuattro (Los Angeles, California): We measured 
catecholamines before and after handgrip exercise, before and 
after labetalol therapy. We found that there is an increase in 
catecholamines on standing and that labetalol enhances that 
increase. However, with isometric handgrip exercise, the 
norepinephrine increment after labetalol is less than the in- 
crement on placebo. We intepret these findings as being due 
to blockade of epinephrine from the presynaptic B receptor 
that modulates norepinephrine release. 

What then is happening when you give adrenaline acutely 
and get an early increase in potassium? Are you saying it is 
coming from the liver? Do f blockers accentuate that? 


Dr. Vincent: All I can say is that studies have been done 
that have traced this increase in potassium to somewhere in 
the hepatic vein, so potassium supposedly comes from the 
liver. I don’t know exactly by what mechanism, and I can only 
say that it is possible to block it by blocking @ receptors. I have 
not done any studies on that a 


Dr. Brown: I thinkzthe Sid feris always there with 
adrenaline but one o it either, if you look very early 
after acute adrenaling administration, or if you unmask it by 
blocking the opposit4 B= receptor eff ct. Ri is a small effect. I 
suspect it is mainly at unimasKing. J^ ; 
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18D A SYMPOSIUM: POTASSIUM, CATECHOLAMINES AND BETA BLOCKADE 


Dr. Conti: Dr. Brown, what is your technique of taking 
blood from squash players in play? 


Dr. Brown: Squash players have an indwelling cannula in 
their nonplaying arms and because the amount of blood we 
need for measuring potassium and catechols is small, we take 
it as quickly as possible. Obviously there is some inaccuracy 
in the time, but the Holter monitor the players wear has a 
button on it so that for each subject we can record exactly 
when the sample was taken and how long the sample drawing 
took. 


Dr. Roberts (Bethesda, Maryland): Dr. Vincent, I wonder 
if you have any information on measurement of potassium 
levels in skeletal muscle or cardiac muscle, and if so, would 
such measurements be accurate? I believe some investigators 
in the Soviet Union have explored this area by examining 
epinephrine/norepinephrine tissue levels. Have you done that, 
or would it be useful? 


. Dr. Vincent: I think it would, but we have no tissue levels 
for either potassium or catecholamines. 


Dr. Shand (New York, New York): We have concentrated 
on the indirect effects of 82 receptors. Would either of you like 
to comment on the possibility of 8$ receptors in the heart? 
That tachycardia with epinephrine is blocked by the fy 
blocker is quite a spectacular effect, isn’t it? 


Dr. Brown: It is now clear that if you look at tissues from 
a wide variety of species—including man—using radioli- 
gand-binding techniques, you can detect Bx receptors in the 
heart. Carlsson? in Sweden has shown it in vivo using re- 
sponses to 81-82 agonists and antagonists. The results are 
consistent with 82 receptors in the atria. I think that in man 
the response to ICI 118551 is totally consistent with blocking 
the peripheral effects of adrenaline, which obviously raises 
the possibility that most of the tachycardia may initially have 
been due to vagal withdrawal rather than direct effect on the 
heart. 

One cannot be sure that these experiments provide any 
evidence for fz receptors in the heart. If you look at the in vitro 
and in vivo evidence, you can no longer ignore the fact that 
there are probably £5 receptors mediating some of the cardiac 
responses to catecholamines. 


Dr. Conti: With the small amount of tissue you obtain with 
cardiac muscle biopsy, can you measure these epinephrine 
levels precisely? Is that what the Russians did? 


Dr. Roberts: They measured sodium, potassium and 
magnesium, too, I think. 


Dr. Conti: It is easy to do those experiments in the labo- 
ratory. You can pace the heart, exercise and take multiple 
biopsies. 

Dr. Brown: I think one approach is to use whole body 
counters for counting potassium or to use rubidium as a 
marker for potassium. Maybe this comes back to Dr. Gorlin’s 
initial question, and this is one of the reasons I showed the 
electrocardiographic tracings, as Dr. Vincent did also. Ob- 
viously we just do not know what is going on within the heart 
in man. But there are electrocardiographic changes, and I 
think one must assume that the heart is exposed to the same 
detrimental effects of hypokalemia as may occur during any 
other cause of hypokalemia. 


Dr. Linas (Denver, Colorado): We have looked at changes 
in potassium in skeletal muscle after insulin and catechol 
administration in rats. We were not able to show any change 
at all as far as skeletal muscle potassium is concerned. These, 
however, were chemical potassiums, not electrical potassium 
determinations. 


I was interested in the recovery period. After the catechol 
levels have rapidly risen to normal, serum potassium continues 
to be low. Where does all that potassium go? Presumably it 
has been stored in cells for an hour or whatever the time period 
is. Why don’t we see rebound hyperkalemia? What i is the 
protective mechanism? 


Dr. Vincent: It probably takes a little time for this potas- 
sium efflux to occur. 


Dr. Brown: I think the up and down slopes of plasma po- 
tassium are very similar. But there is something funny going 
on in the squash study, because plasma potassium decreased 
very rapidly. If you give a potassium chloride infusion such 
as DeFronzo? did and look at the increase and decrease in 
plasma potassium, then the decrease in plasma potassium 
after the end of the potassium chloride infusion is much slower 
than that which we see in our squash players when they stop 
exercising. If it is simply the potassium, which had come out 
of the muscle during exercise, going back in again, one wonders 
why it is happening so rapidly. We just don’t know yet. 
Adrenaline is a factor, but not the major factor. 

Dr. Linas, in regard to your measurement of potassium in 
muscle, I think even with the potassium-42 experiments it can 
be difficult sometimes to see an increase in potassium-42, 
unless you choose the right time to look. Once you have 
reached a steady state, you may see no increase. I presume it 
is because you are looking for a needle in a haystack, so to 
speak. 


Dr. Frishman: I have a question regarding the exercise- 
induced hyperkalemia that has been mentioned. Does this 
contribute to the fatigue that Dr. Conti has when he is on 
B-blocker therapy and exercises on a treadmill? Although we 
are looking for protective effects, could that be contributing, 
perhaps, to the fatigue phenomenon that we all see with 8 
blockers? 


Dr. Brown: The fatigue is very interesting. A number of 
people, including ourselves, have dóne studies trying to relate 
fatigue with potassium in a wide variety of metabolic pa- 
rameters. In our studies, we found very little correlation to 
potassium and fatigue. À reverse possibility in relation to 
potassium and exercise is cramp. We know that cramp can be 
a very severe problem in squash players. 1 wonder whether the 
decrease in potassium could be playing a role in cramping. 


Dr. Kupersmith: I have also wondered about the needle 
in the haystack. In humans, if 20% of body weight is extra- 
cellular fluid and there is a 0.5 mEq/liter change in potassium, 
there would be a total change of 28 mEq of potassium in a 
70-kg person. One would have trouble determining where this 
small amount of potassium went. Could you really find such 
minute changes in these animals? 


Dr. Linas: Theoretically you could, but practically—with 
the methodologies available— you just cannot measure those 
kind of miniscule changes in the cellular potassium in huge 
muscle stores. 


Dr. Frishman: To summarize, it appears that reversal of 
epinephrine-induced hypokalemia by £5 adrenergic blockade 
may be an important clinical phenomenon. For years, we 
didn’t feel that the B5 blocking action of nonselective f 
blockers was contributing very much to the therapeutic ef- 
fects. It is now clear that £9 adrenergic blockade may protect 
patients from hypokalemia. What the significance of this 
hypokalemia may be in certain patients is not known. Finally, 
perhaps the effects of blocking presynaptic 8 receptors and 
norepinephrine release may explain why @ blockers are effi- 
cacious in treating high blood pressure. 
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Malignant Arrhythmia in Relation to Serum Potassium 
in Acute Myocardial Infarction 


JAN ERIK NORDREHAUG, MD 





Several studies of patients with acute myocardial 
infarction have shown an association between hy- 
pokalemia, including mild hypokalemia, and in- 
creased occurrence of cardiac arrhythmia. Hypo- 
kalemia in acute myocardial Infarction is slg- 
nificantly assoclated with diuretic therapy before 
or during the infarctlon. In a study of 1,074 patients 
with acute myocardial infarctlon, ventricular fibril- 
lation occurred in 17.2% of 122 hypokalemic pa- 
tients and in 7.596 of 952 normokalemic patients (p 


The association between hypokalemia, including mild 
hypokalemia, and increased occurrence of arrhythmia 
in acute myocardial infarction is evident from several 
studies.i-8 However, none of these studies provides 
evidence that hypokalemia is an independent risk factor 
or an independent cause of arrhythmia. Two important 
questions remain. Áre the arrhythmias the electro- 
physiologic consequences of hypokalemia, or is hypo- 
kalemia only à secondary phenomenon to other ar- 
rhythmogenic events? There.is experimental evidence 
from animal studies to support a “yes” to the question 
that arrhythmias can be electrophysiologic conse- 
quences of hypokalemia, but the question of whether 
hypokalemia is a secondary effect remains. Thus, hy- 
pokalemia may result from diuretic treatment after 
hospital admission of patients with large infarctions 
and, therefore, a high risk of arrhythmias. 

Hypokalemia could, be secondary to excess cate- 
cholamine levels.’ Catecholamines per se may, of course, 
have additional arrhythmogenic potential. 

Another effect, which is probably not a problem in 
normal volunteers or in animals, is that some patients 
with acute myocardial infarction abuse alcohol even 
though they may not admit it. Alcohol abuse can cause 
hypokalemia. Alcohol abuse also causes metabolic heart 
disease and this, not the hypokalemia, could cause the 


From the Department of Clinical Physiology, Haukeland Hospital, Uni- 
versity of Bergen, Norway. 

Address for reprints: Jan Erik Nordrehaug, MD, Department of Clinical 
Physlology, 5016 Haukeland Hospital, University of Bergen, Norway. 


MN 


<0.01). The association of hypokalemia and ven- 
tricular fibrillation was not specifically related to 
poor left ventricular function. Recent studles indicate 
that hypokalemia Is an Independent risk factor of 
ventricular arrhythmia early in acute myocardial 
infarction; but a definite causal role of potassium 
remains to be shown. The importance of catechol- 
amines versus serum potassium levels in occur- 
rence of arrhythmia has not been clarified. 

(Am J Cardiol 1985;56:20D~ SD) 


arrhythmias. Again, hypokalemia may have an additive 
effect in the clinical setting of alcoholic cardiomyop- 
athy. 


Clinical Studies 


Pertinent studies reported from 1975 to 1980 E 
to show an increase of arrhythmias in acute myocardial 
infarction. Of these studies, Dyckner et alt were the first 
to show-a higher incidence of atrial fibrillation among 
hypokalemic patients. There was no significantly in- 
creased incidence of ventricular tachycardia, ventricular 
premature complexes (VPCs) or ventricular fibrillation 
in the hypokalemic group, although this group showed 
a slightly higher occurrence of these arrhythmias. Beck 
and Hochrein? reported more ventricular arrhythmias 
in a hypokalemic group than in a normokalemic control 
group during the first 12 hours after hospital admission. 
There was: also a significantly higher occurrence of 
ventricular fibrillation. A small increase in ventricular 
tachycardia did not reach statistical significance, and 
for VPC there was only a higher incidence in hypo- 
kalemic patients when comparing 2 potassium 
subgroups—not for the total number of patients in the 
2 groups. 

Duke? showed an association eer ventricular 
fibrillation and hypokalemia with thiazide treatment, 
but did not give any data for the occurrence of ventric- 
ular fibrillation among hypokalemic patients. 

Hulting? studied 1,315 patients with angina or acute 
myocardial infarction and showed an increase in ven- 
tricular fibrillation in the hypokalemic group. There was 
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no significant increase in ventricular tachycardia. He 
showed an increase of VPCs in the hypokalemic group 
between 2 subgroups of patients—but only for a sub- 


. class of VPCs. 


ventricular tachycardia and ventricular fibrillation in 

myocardial infarction group admitted with hypoka- 
lemia. They did not try to distinguish between these 2 
arrhythmias, which is understandable because such 
differentiation can be difficult in a clinical study. They 
reported no increase in VPCs. 

. Only one of these studies used computer-assisted 
arrhythmia detection.* All other data were obtained by 
conventional arrhythmia detection. 

There are several other reports as well, but they share 
the same difficulties with study design as just re- 
viewed. | 
| In a recent study,® nonselective 8 blockers in contrast 

o selective 8 blockers reduced the frequency of malig- 
nant ventricular arrhythmia in patients with hypoka- 
lemia and acute myocardial infarction. 

None of the reported studies has assessed the im- 
portance of catecholamines versus serum potassium 
levels in arrhythmia. 


cl and Cole® showed a higher occurrence of 


Hypokalemia and Dluretics 


! The results of one of our studies? illustrate the hy- 
pokalemia problem, and also the design problem when 
patients are allocated to potassium range subgroups. 
The study involved 106 patients with their first acute 
myocardial infarction admitted to the hospital within 
4 hours after onset of symptoms. When serum potassi- 
um level was determined on admission, the incidence 
of hypokalemia was 13.2% (14 of the 106 patients). Only 
2 of the hypokalemic patients had been treated with 
diuretics before admission. The patients were ran- 
domized to either treatment with a nonselective f 
blocker (54 patients) or placebo (52 patients). They were 
studied for the 24 hours subsequent to randomization; 
potassium sampling was done at 2, 4 and then every 4 
hours during these 24 hours. In the placebo group 
(Table I) there was a steady increase in the occurrence 
of hypokalemia from 13.5% at 2 hours to 28.8% at 24 
ours. In patients treated with intravenous furosemide 
the occurrence of hypokalemia was 38.1%, but there was 
‘also a small increase in hypokalemia in patients not 
. ‘treated with furosemide during this interval. In con- 
‘trast, there was a decrease in hypokalemia or a pre- 
vention of hypokalemia in patients treated with a 
nonselective 81-82 blocker. There was the same decrease 
or prevention with 8-82 blocker in patients treated with 
diuretics and patients not treated with diuretics. This 
difference was not significant probably because of the 
ismall patient population; the percentage of reduction 
was the same in the whole population during the first 
'24 hours. | 
The studies on potassium levels and arrhythmia in 
patients with myocardial infarction have not used serial 
sampling of potassium for group allocation. Therefore, 
the incidence of hypokalemia has been much lower than 
we showed with serial sampling. If the potassium value 
nearest in time to a particular arrhythmia is compared 


TABLE! Patients with Hypokalemia (serum potassium 
«3.5 mmol/liter) on One or More Occasions 
During the First 2 to 24 Hours After Hospital 


Admission 
No. 96 

All patlents 52 
Hypokalemia at 2 hours 7 13.5 
2—4 hours 8 15.4 
2-8 hours 9 17.3 
2—24 hours 15 28.8 

Patients on diuretics 21 
Hypokalemla 2—24 hours 8 38.1 

Patients not on dluretics 31 
Hypokalemla 2-24 hours 7 22.2 


with the values obtained on admission in patients 
without arrhythmias, one is likely to get a falsely high 
incidence of arrhythmias in patients with hypokalemia 
bécause hypokalemia will only be observed in patients 
with arrhythmias. 

In another study of 1 07 4 patients with acute myo- 
cardial infarction!? only initial potassium values for all 
these patients were used. Hypokalemia was defined as 
3.5 mmol/liter or less. The occurrence of hypokalemia 
was 11.4% or 122 patients of this group. There was a 
significant difference in the occurrence of hypokalemia 
between women and men—17.3% versus 9.2%. Hypo- 
kalemia was clearly associated with the use of diuretics 
before hospital admission, and significantly more 
women than men had been treated with diuretics. This 
explains the preponderance of hypokalemia among 
women.!! Looking at the entire study of 1,074 patients, 
the mean serum potassium value for patients with re- 
cent diuretic therapy was 3.9 mmol/liter (278 patients) 
and 4.1 mmol/liter in those not receiving diuretics (p 
<0.01). 


Atrial Arrhythmias 


Serum potassium values were determined in a subset 
of 1,033 patients subsequently entered into the Nor- 
wegian multicenter study on secondary prevention after 


: myocardial infarction.!? Atrial fibrillation and flutter 


lasting for more than 2 minutes in the acute phase were 
one of the stratification risk factors for this study. The 
occurrence of atrial fibrillation, flutter or both was 24% 


in the hypokalemic group and 11% in the normokalemic 


group (unpublished observations) (p «0.01). 

À confounding factor is that some of these patients 
had been treated with digitalis. It is difficult to interpret 
data like these in the presence of digitalis treatment, 
because in the normokalemic group digitalis may inhibit 
or prevent atrial fibrillation, while atrial arrhythmia may 
be provoked by digitalis in the presence of hypokalemia. 
'Thus, it is also difficult to interpret the data from 
Dyckner et al! because a lot of their patients had also 
been treated with digitalis before admission. 


Conduction Blocks 


In our study of 1,074 patients, there was no difference 
between the hypokalemic versus normokalemic groups 
for complete heart block, atrioventricular block grade 
[I or bundle branch block. Animal experiments have 
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shown that hypokalemia does induce conduction blocks 
but only when serum potassium levels fall below 2.0 
mmol/liter.!3 Our lowest value was 2.3 mmol/liter, which 
may explain the difference between clinical and ex- 
perimental data. 


Ventricular Arrhythmlas 


Ventricular premature complexes were observed as 
the presence or absence ‘of frequent (>5/minute), 
paired, bigeminy, multifocal or R on T waves. There was 
no significant difference between the groups in the in- 
cidence of VPCs or ventricular tachycardia. If one is 
subgrouping, such as many reported studies have, there 
. may be a significant difference in 1 group compared 
with another. If one then starts to subclassify the VPCs 
as well, one has gotten so many subgroups and sub- 
classes that a statistically significant difference is much 
more likely to be reached by. chance. All the other 
published studies have found something similar to this, 
and probably none provides veritable proof for occur- 
rence of VPCs. However, in a very recent study,!* we 
have shown an inverse relation between the serum po- 
tassium level and the subclass of frequent VPCs using 
a multivariate analysis with stepwise logistic regression. 
There was also an inverse relation between serum po- 
tassium and nonsustained ventricular tachycardia. 

Ventricular fibrillation with clinical signs of circu- 
latory standstill occurred in 92 of our 1,074 patients.!° 
The lowest incidence of ventricular fibrillation was 5 to 
. 676 in the potassium range of 4.1 to 5.1 mmol/liter. 
Below 4.1 mmol/liter there was a steady increase in 
ventricular fibrillation with decreasing potassium val- 
ues, and at serum potassium «3.0 mmol/liter, 33% of the 
patients experienced ventricular fibrillation. In the total 
bypokalemic group 17.2% had ventricular fibrillation 


versus 7.5% in the normokalemic group (p «0.01) (Fig. 1). - 
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Hypokalemic (122) vs normokalemic (952) 
17.2%" vs 7.5% 


*p« 0.01 
FIGURE 1. Number and percentage of patients developing ventricular 


fibrillation in relation to serum potassium (S-K) concentration. Reprinted 
with permission from Br Heart J. '? 


A SYMPOSIUM: POTASSIUM, CATECHOLAMINES AND BETA BLOCKADE 


The female-to-male distribution was comparable in 
the groups with and without ventricular fibrillation. 
Treatment with digitalis was not responsible for the 


increased occurrence of ventricular fibrillation. The 92 - 


patients with this arrhythmia had significantly lower 
mean serum potassium values than the patients without 
ventricular fibrillation and also a lower range for 
potassium. 

. In patients who had ventricular fibrillation, the hy- 
pokalemic and normokalemic groups were compared for 
about 20 clinical variables. There were no significant 
differences between the groups for most variables. 
There were more previous infarctions in the normoka- 
lemic group, which might have tended to produce more 
arrhythmias in that group, but the difference was not 
statistically significant. Lung congestion (x-ray), and 
pulmonary rales on admission were both significantly 
less frequent among hypokalemic patients with ven- 
tricular fibrillation, indicating less heart failure in this 


group. 
Mortality and Hypokalemla 


The same 3-month mortality rate of 16% was seen in 
both the normokalemic (19 of 122 patients) and the 
hypokalemic (149 of 952 patients) groups. When the 
hyperkalemic patients were separated from the nor- 
mokalemic group, there was a slightly lower mortality, 
but it did not alter the significance. 

The 3-month mortality rate for patients with hypo- 
kalemic versus normokalemic ventricular fibrillation 
was not significantly different in spite of the much 
higher occurrence of this arrhythmia in the presence of 
hypokalemia. This may have been due to the high rate 
of successful resuscitation of hospitalized patients. 


Time Onset of Ventricular Fibrillation 
and Hypokalemia 


Among the 21 patients with ventricular fibrillation 
in the hypokalemic group, there was a clear time dif- 
ference; the highest occurrence (76%) of this arrhythmia 
took place during the first 2 hours after admission to 
hospital. Fourteen percent occurred after 2 to 12 hours, 

and 10% after 12 hours. There was no such early-onset 
ventricular fibrillation trend among the normokalemic 
patients. This difference between the groups was re- 
flected in the time from hospital admission to onset of 
ventricular fibrillation; there was a median of 0.3 hours 
for the hypokalemic group and 7 hours for the normo- 
kalemic group (p <0.01). The time between onset of 
symptoms and hospital admission was the same for both 
groups (3 and 3.8 hours for hypokalemic and normok- 
alemic groups, respectively). This is important for the 
comparability of the groups, because it indicates that 
serum potassium values were obtained at the same time 
of infarct evolution in the 2 groups, and it minimizes the 
risk of having observed the difference in arrhythmia 
between the groups according to the Harris model, for 
instance. There may be a real difference and not just a 
timing difference. 

‘Early onset of ventricular fibrillation (<2 hours after 
admission) had a more favorable 3-month prognosis 
than late onset (>2 hours after admission) independent 


- 
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of serum potassium values. Considering the occurrence 
of ventricular fibrillation in these patients with a rela- 
tively good prognosis reveals that the main difference 
for the occurrence of ventricular fibrillation is during 
the first 2 hours after admission: 13% in the hypoka- 
lemic versus 3% in the normokalemic group (p 
<0.0001). After 2 hours this difference no longer per- 
sisted. This may have implications for the prehospital 
phase of the evolving infarction. We know that about 
5096 of the deaths occurring during the first 48 hours of 
acute myocardial infarction are before hospital admis- 
sion. T'hus, hypokalemia may be of importance in the 
early phase of infarction. 

, In conclusion, for patients with acute myocardial 
infarction, initial admission values indicating hypoka- 
lemia predict an increased likelihood and earlier oc- 
currence of ventricular fibrillation. The association 
between hypokalemia and ventricular fibrillation is not 
specifically connected to impaired left ventricular 
function. 

These results suggest that in the coronary care unit 
early aggressive intervention with potassium therapy 
is probably already too late. Furthermore, because no 
randomized studies of potassium intervention have 
been done yet, the adverse effects of such treatment 
remain unknown. It is known that potassium supple- 
mentation can cause arrhythmias in certain patients. 


l 
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Therefore, we should concentrate more on the prehos- 
pital phase and aim to prevent the occurrence of 
hypokalemia. 
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Discussion Il 


Moderator: DAVID P. LAULER, MD 


Participants: MORRIS J. BROWN, MD, JEROME COHEN, MD, C. RICHARD CONTI, MD, 
WILLIAM H. FRISHMAN, MD, JOEL MORGANROTH, MD, 
HILTRUD S. MUELLER, MD, JAN ERIK NORDREHAUG, MD, 
WILLIAM C. ROBERTS, MD, JAMES A. SCHOENBERGER, MD, 
DAVID G. SHAND, MD, and HIERONYMUS H. VINCENT, MD 


Dr. Schoenberger (Chicago, Illinois): I am a strong ad- 
vocate of the importance of the Multiple Risk Factor Inter- 
vention Trial (MRFIT) findings, even though the data do not 
convince me that there is any difference in mortality as a result 
of the way the trial was carried out. Perhaps the trial design 
was incorrect, but one of the things that I think I would like 
io take away from it is that, because coronary heart disease 
mortality is declining in the United States, maybe the 
American doctor is not doing a bad job with usual care if there 
is no difference between it and special ifitervention. Because 
the largest group of people in the U.S., whether they are 
asymptomatic or symptomatic, are given "usual care," the 
American doctor is doing his job well! I would like to hear your 
comments on that aspect of the results of the trial. If the trial 
was designed properly, and your hypothesis was that MRFIT 
would decrease coronary heart disease mortality, and if you 
didn't find that, you should not be disturbed by the results. 
I think my interpretation would be that usual care in the 
United States is not too bad or is better than anticipated by 
the designers of the trial. 


Dr. Cohen (St. Louis, Missouri): 1 think that is an excellent 
point and I have 2 comments. First of all, the mortality rate 
for both groups combined was only 60% of what had been 
predicted. We thought we would get 440 deaths among men 
in the usual care group, and we got a total of 260. That was 
based on Framingham logistic formulas that were used back 
in the early 1970s—-MRFIT was designed in the early 
1970s—-and sample size calculations were based on what we 
thought we could do with respect to individual risk factor 
change and what we thought would happen with the usual care 
group. We found in particular, and your point is absolutely 
correct, that those in the usual care group were anything but. 
During the 1970s we saw an enormous change in the treatment 
of hypertension. We saw middle-aged men give up cigarette 
smoking, and we saw some dietary changes reflected slightly 
in decreased cholesterol levels. Therefore, what we found was 
a decrease in the deltas of the risk factors between the 2 
groups. However, we still saw significant differences between 
special intervention and usual care for these risk factors. The 
mean blood pressure in the special intervention group was 80 
mm Hg; in the usual care group it was 84 mm Hg—a 4mm Hg 
difference. We found, in fact, that there was a significant 
difference in cigarette smoking cessation between the 2 
groups. Men in the usual care group did give up cigarette 
smoking, but we achieved phenomenonal success (about 50%) 
with the men in the special intervention group. 

Cholesterol reduction fell short of our goal, as all of you 
know, but we were still able to achieve a very small (albeit 


statistically significant) 2% differential overall reduction in 
serum cholesterol levels. Your point is absolutely correct.-Still, 
I think, we might have seen a better result in terms of a dif- 
ferential between the special intervention and usual care 
groups. I wonder whether we did the right experiment at the 
wrong time! 

Dr. Schoenberger: What bothers me is the attitude the 
MRFIT investigators have now taken, which is one of disap- 
pointment. If you had known the answer in 1973, you would 
not have done the trial. I think you are coming on too nega- 
tively for the American public. Don’t be disappointed; these 
are the results. Now we have to figure out why they came out 
this way. 

Dr. Cohen: We would like to think that it wasn’t a negative 
result. 


Dr. Schoenberger: I would like to respond to your com- 
ment because I was a principal investigator. I experienced a ` 


_ profound depression lasting several months when the results 


were published, mainly because of the misinterpretation of 
the data that was taking place in the popular press and by 
some of my scientific colleagues who do not share your inter- 
pretation of it. They concluded incorrectly, I think, that in- 
tervention against the risk factors had no value whatsoever 
and this just confirmed what they had been saying all along: 
that coronary heart disease could not be prevented, and that 
primary prevention was useless. You know that also extends 
to the control of hypertension where it has been difficult to 
show a reduction in mortality from myocardial infarction. 
There are lots of problems, but fundamentally we had a study 
that by the very inherent biases of clinical trials enrolled a very 
healthy group of men. I think your interpretation is the correct 
one: namely that coronary heart disease can be prevented and 
that deaths are decreasing as a result of the preventability of 
this disease. MRFIT just came along at a poor time and made 
some basic assumptions in design that hampered it. 


Dr. Morganroth (Philadelphia, Pennsylvania): Never- 
theless, the importance of the subgroup with abnormal elec- 
trocardiograms, which I think was the point that Dr. Cohen 
was making, should not be lost in this discussion. You have 
to be certain that a subgroup did not skew the results back 
toward the no-difference level when, in fact, that skewing 
occurred because of increased mortality in the special care 
group because of an unknown, unrealized potential effect of 
diuretics and abnormal electrocardiograms, possibly via hy- 
pokalemia. Increasing death rates may have made a statisti- 
cally significant group become not statistically significant. We 
have seen this, by the way, in other trials. For example, mex- 
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iletine, an antiarrhythmic agent, underwent a somewhat dif- 
ficult trial in which Holter monitoring was not included at 
baseline. Mexiletine was compared with’ placebo in a large 
group of postmyocardial infarction patients. In the mexiletine 
‘group there was a higher sudden cardiac death rate, or almost 
statistically so, than in the placebo group. Probably the best 
explanation of this finding is that there was a significant 
number of patients who had a proarrhythmic effect from 
mexiletine, which overcame the beneficial effect in those pa- 
tients who had an antiarrhythmic effect from mexiletine. 
These subgroup analyses when looking at total mortality rates 
at the end in these trials may be extremely important and may 
teach us, as might be the case with MRFIT, that there are 
deleterious effects in some groups, such as in those with ab- 
,normal electrocardiogram, hypokalemia and ventricular ec- 
| topy, that may mask other benefits in other subgroups. 


Dr. Schoenberger: Maybe a word of caution is appropriate 


at this point about subgroup analyses, because the more times 
you dredge the data and do subgroup analyses the more likely 
| you are to come up with something by chance alone. I think 
that is one of the problems with MRFIT. We are now doing 
more and more of these analyses and we are going to come up 
with more and more results. If nothing more, though, I think 
the MRFIT did open our eyes to something that we have 
known for a long time and have ignored: that is, the impor- 
tance of hypokalemia and its association with diuretic 
therapy. 


Dr. Frishman (Bronx, New York): This is a question for 

: Dr. Nordrehaug. To give your conclusions more weight, be- 

. cause you had a cutoff point of 3.5 mEq/liter for low potas- 

: sium levels, did you find in patients whose potassium was 

` below 3.5 mEg/liter, when you went below 3.0 or 2.5 mEq/liter, 

that the risk of arrhythmia was even greater? That would give 

tremendous credence to your thesis if you can show that as 

" potassium levels went lower and lower, there was a parallel in 
the increased incidence of arrhythmia. 


Dr. Nordrehaug (Bergen, Norway): Yes, we were able to 
' show this. The occurrence of ventricular fibrillation was 33% 
for serum potassium below 3.0 mEg/liter. 

The lowest value was 2.3 mEq/liter, and because we clas- 
sified the groups by decrements of 0.5, we couldn't get too 
| many patients between 2.3 and 2.5.. 


Dr. Cohen: Have you looked at the potassium levels in 
patients on timolol? It was not clear in relation to their ar- 
rhythmia whether or not you could show the same points in 
the patients on timolol or whether the curve was different. 


Dr. Nordrehaug: No, we did not look at arrhythmias in 
. that study. It is going to be very difficult, I think, to look at 
' arrhythmias in such a study when you do serial potassium 
measurements, because the patients that also receive diuret- 
. ics are more likely to get hypokalemia than the patients 
. that do not receive diuretics. They probably have the largest 

infarctions. l 

Dr. Cohen: I was wondering if, in patients receiving timolol, 
whether timolol was improving things because it changed the 
potassium. In other words, in patients receiving timolol who 
have ventricular fibrillation, could you draw the same kind 
of curve, say, for those with a potassium below 3.0 mEg/liter 
as those not on timolol? Or would patients receiving timolol 
with a potassium between 3.0 and 3.5 have a similar incidence 
of ventricular fibrillation as those not on timolol but with a 
potassium above 3.5 mEq/liter? 


Dr. Nordrehaug: These were 2 different studies and there 


were only 4 patients with ventricular fibrillation in the study 
with 106 patients. When relating those patients to the 14 
initial hypokalemic patients, there was a percentage differ- 


ence, but obviously it did not reach significance with such a 
low number of patients. 
Dr. Cohen: Did the electrocardiogram help in distin- 
guishing patients who had higher risk from hypokalemia? 
Dr. Nordrehaug: It is very difficult to find the standard 
electrocardiographic hypokalemia changes in these patients 
with acute myocardial infarction. They already have ST and 


. T wave changes and many other abnormalities that obscure 


the electrocardiographic signs of hypokalemia. 


Dr. Conti (Gainesville, Florida): It seems to me that pa- 
tients with low potassium had a higher incidence of malignant 
arrhythmias compared to patients with "normal" potassium. 
I am not certain whether or not high potassium is the same as 
normal potassium. That is one question. How.do you define 
high potassium levels and did a group have high potassium 
levels? 


Dr. Nordrehaug: We defined a high potassium level as 
greater than 5.2 mEg/liter. The only arrhythmia that showed 
a difference between the potassium groups was ventricular 
fibrillation. There was a slightly higher percentage of ven- 
tricular fibrillation in the hyperkalemic group. It did not reach 
significance, and the group was so small that we included it 
in the normokalemic group because of the potassium mea- 
surements. Errors of potassium measurements almost ex- 
clusively give values that are too high, and thus we avoided 
normokalemic patients being classified as hyperkalemic 
patients. l i 


Dr. Conti: Did you compare the group with acute myo- 
cardial infarction—who I assume were admitted to your cor- 
onary care unit—to another group of patients with similar 
potassium problems, for instance, those with unstable angina 
who were admitted to your coronary care unit. Does anyone 
have any information on a similar group of nonmyocardial 
infarction patients who have acute ischemic heart disease? 


Dr. Nordrehaug: We did not do that. Dr. Hulting! in 
Sweden did and he found an increase of hypokalemia and 
ventricular fibrillation in patients with angina. 


Dr. Conti: The hypokalemic patients had a higher inci- 
dence of arrhythmias? ' 


Dr. Nordrehaug: No, just ventricular fibrillation. No in- 
creases in other arrhythmias. 


Dr. Lauler (New London, Connecticut): The endpoint of 
ventricular fibrillation would seem to confirm clinical obser- 
vations that the lower the serum potassium given a sharp 
endpoint—such as ventricular fibrillation—the higher the 
incidence of ventricular fibrillation as shown in Dr. Nordre- 
haug’s data. Going back to the beginning of the potassium 
story 15 or 20 years ago, this dilemma focuses not on the ab- 
solute measurement of potassium, but rather on the rapidity 
of change of potassium, if indeed the effect in terms of ar- 
rhythmogenesis is a potassium gradient across a mem- 
brane-effecting potential differential. What is most striking, 
looking at all the various presentations, is the rapidity with 
which the stress hypokalemia occurs. Would you comment on 
this? Also, has anyone done potassium Holter monitoring, 
meaning continuous potassium sampling with simultaneous 
continuous catecholamine sampling over a defined time period 
with some built-in stress to see if it is the rapid change rather 
than the absolute change that is associated with arrhythmo- 
genesis? For example, could a rapid decrease in a normal po- 
tassium level from 4.5 to 4.0 mEq/liter in a patient with 
ischemic heart disease under stress be arrhythmogenic? 


Dr. Nordrehaug: I don’t think anyone has done continuous 
potassium sampling with catecholamine sampling. I have not 
seen that. Dr. Hollifield? in Tennessee has shown an increase 
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of ventricular premature complexes again with falling po- 
tassium values irrespective of the absolute potassium level. 
This is the only study I have seen. 


Dr. Lauler: What I was trying to look at is whether it is a 


“carbon copy” phenomenon: namely that throughout the day 
the phenomenon of stress hypokalemia can be documented 
within minutes of a catecholamine surge. It is also my un- 
derstanding that these catecholamine infusions you have re- 
ported occurred in a double-blind situation in which the 
subjects were not aware of symptoms. Are we seeing recurrent 
little catecholamine surges, for example, with public speaking 
or city auto driving or something similar? If you were making 
minute-to-minute measurements of catecholamines, such as 
many of the British physicians reported with heart rate in 
public speaking, are you actually seeing a catecholamine surge 
associated with a little dip in potassium? 


Dr. Brown (London, England): We obviously have to get 
these data. Data of simultaneous potassium and adrenaline 
are not yet available. Adrenaline levels in public speakers 
certainly might well go up to high levels. It is a personal ob- 
servation. If you notice a cop in the car behind you and you are 
speeding, you certainly get hemodynamic sensations very 
similar to what you get when someone infuses adrenaline into 
you. I think “fright” is a potent stimulus to adrenaline release 
and one certainly sees kalemotropic values. 


Dr. Lauler: Is it true that some of these volunteers in your 
double blind study—and I believe that many were physi- 


cians—were not aware of the cardiac symptoms from the 


infusions? 
Dr. Brown: They would be aware of palpitations. 


Dr. Lauler: At all levels? In other words, when you titrated 
doses back down did you reach a level where they were not 
subjectively aware they were receiving catecholamines and 
yet demonstrated hypokalemia? 


Dr. Brown: In some of the patients, when dose-response 
curves were formulated, there was a small decrease in potas- 
3ium before reaching a level that caused palpitations. I think 
zenerally the level at which the subjects would become 
symptomatic would be at an infusion rate of about 0.04 
ug/kg/min. That is very much the level at which you start to 
zet hypokalemia. 


Dr. Roberts (Bethesda, Maryland): May I continue with 
Dr. Conti’s point... the mean levels of total serum cholesterol, 
systemic blood pressure and possibly body weight did decrease 
in adult Americans during the past decade. Dr. Cohen, if you 
analyzed the data not by whether the participants were ran- 
domized to a so-called “special intervention" or “usual care" 
category, but if the data were analyzed according to those 
whose risk factors improved (whose serum cholesterol and 
blood pressure levels fell) versus those whose risk factors did 
not improve, what would the data have been? 


Dr. Cohen: I can’t answer the question. You are talking 
about within-group analysis in terms of: change versus no 
^hange. 


` Dr. Roberts: It seems to me that some participants who 
vent to their private physician got just as good therapy as 
chose who were in the special group. 


Dr. Cohen: I can partially answer your question based on 
a multiple logistic equation. The change in risk factors, par- 
ticularly cigarette smoking cessation and serum cholesterol 
decrease, for example, were favorably associated with coronary 
heart disease mortality. There was a decline in coronary heart 
lisease mortality within the groups. Blood pressure was 
108. 


Dr. Schoenberger: I don't know the cholesterol data, but 
I would just like to warn people that when you start to do 
within-group analyses you lose the impartiality of your ran- 
domization. This was shown very nicely in a coronary drug 
project in which the people who took placebo capsules had a 
lower mortality than those who did not. ' 


Dr. Roberts: The point is not which category they were 
randomized into, or who received therapy and who did not, 
but, what were the results of those whose total serum choles- 
terol values actually fell, compared with those in whom the 
levels did not fall? How many had fatal or nonfatal coronary 
events? What was the difference in frequency of coronary 
events in those persons who stopped smoking 40 cigarettes 
daily compared with those who continued to smoke 40 ciga- 


. rettes daily, for example? 


Dr. Cohen: You have to look at it on a risk/score basis be- 
cause it is not a homogenous population with respect to risk 
factor status. That is, there were nonsmokers who had hy- 
pertension and hypercholesterolemia and all other combi- 
nations thereof for the 3 risk factors. We have to look at a risk 
score, which I think is a good idea. 


Dr. Roberts: What was the average total cholesterol value 
in these 12,000 plus people at the beginning and what was their 
age at the beginning? What was the age range? 


Dr. Cohen: The mean age was 47 as I recall, and the mean 
cholesterol was about 256. 


Dr. Roberts: What was it 8 years or 10 years later? 


Dr. Cohen: There was a 7% decline in cholesterol in the 
special intervention group and a 5% decline in the usual care 
group. 

Dr. Roberts: Overall it was a very significant drop if you 
are talking in terms of milligram per deciliter. 


Dr. Cohen: | think it was 234 versus about 240 at the 
end. 


Dr. Roberts: Some of them went up; those that went down 
probably made a big difference. 


Dr. Cohen: I would like to raise some questions for the 
group to ponder. One of the problems that I have been wres- 
tling with, and I know others have as well, is the relation be- 
tween diuretics and ventricular premature beats. I don’t think 
there is any question that there is a relation. Our data con- 
firmed what has been reported in other studies. The issue is 
what is the underlying mechanism and how, if at all, is it re- 
lated to hypokalemia? Are the ventricular premature beats 
related to hypokalemia? Or-are they independent of hypo- 
kalemia? Is there more than one mechanism involved? This 
has real clinical relevance obviously, yet it is something that 
we cannot sort out from our data. We are not able to show a 
definitive role of hypokalemia with respect to the presence or 
absence of ventricular premature beats. There were clear 
differences, but they were not independent of the use of di- 
uretics. The Medical Research Council study data that were . 
published in 1983 showed that the size of correlation coeffi- 
cient for uric acid was about the same order of magnitude in ` 
association with ventricular premature beats as was hypo- 
kalemia. This suggested that hypokalemia is a marker for 


- ventricular premature beats, and perhaps not a causal factor. 


This is a question that needs to be addressed urgently. 


Dr. Mueller (Bronx, New York): Dr. Cohen, what were the 
data between the special intervention and usual cáre groups 
for potassium? 


Dr. Cohen: It was just taken at a single point in time. The 
mean value was 4.1 m Eq/liter in each of the 2 groups. 


- Dr. Vincent (Rotterdam, The Netherlands): Dr. Lauler 
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‘just asked at what level of adrenaline potassium decreases and 
if this happens before one detects catecholamine effects in 
: terms of palpitations. Dr. Brown mentioned the infusion rate 


| | of 40 ng/kg/min. We gave 30 ng/kg/min, and when the infusion 


‘was switched from saline to adrenaline, the subjects were 
' unaware of any difference, which is what you would expect 


. with a small increase in heart rate of only 8 beats/min. This 


` dose caused, on the average, about 0.3 to 0.4 mEq/liter de- 
crease in serum potassium. This may be an indication of what 
levels potassium may decrease to, and that this may indeed 
. happen before you experience any discomfort, palpitations 
or whatever. . 


Dr. Lauler: Were these normal volunteers or physician 


. volunteers? 


Dr. Vincent: Some of them were patients with mild es- 


. sential hypertension, and some of them were normal volun- 
teers. 


^  Dr.Shand (New York, New York): In terms of the relation 


between hypokalemia, diuretics and ventricular fibrillation, 


| Dr. Nordrehaug showed that there were several patients with 
_ hypokalemia and ventricular fibrillation who did not take 
diuretics. I think it is not a total correspondence, leading one 
' to suspect that it is not the diuretics per se but perhaps the 


hypokalemia, whether it is spontaneous or with a diuretic, that 
is the underlying cause. 


Dr. Schoenberger: Suppose you have a patient come into 
the coronary care unit with a clinical didgnosis of acute myo- 


. cardial infarction whose history includes diuretics. Would you, 
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without waiting for more definitive data, give him intravenous 
B blockade as a way of cutting down his chances of ventricular 
fibrillation? It seems to me you ought to think of that. 


Dr. Nordrehaug: We have actually done that in patients 
who were admitted within 4 hours of onset of synptoms. We 
randomized them and gave half of them intravenous nonse- 
lective 8 blockade. The serum potassium values increased very 
rapidly in the patients on B blockade, and the infarct size was 
reduced significantly in the treated group as well. 


Dr. Schoenberger: How about the i issue of zer Do 
you have data on that? 


Dr. Nordrehaug: Not yet. We also saw no untoward blood - 


pressure changes. 


Dr. Shand: Dr. Cohen, what was the difference in incidence 
between the percentage use of diuretics and nondiuretic 
therapy in the 2 MRFIT groups? 


Dr. Cohen: Surprisingly, there was very little. There was 


an increase in nondiuretic usage in the special intervention 
group with the passage of time after 1976. It is a difficult issue, 
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however, because the nondiuretic use of propranolol, for ex- 
ample, may be because a man had angina or had survived a 
myocardial infarction. In part it may have been a marker for 
patients who had clinical coronary heart disease. 


Dr. Morganroth: I am not aware of any good study that 
incontrovertibly shows that hypokalemia in a normal heart 
produces ventricular arrhythmias. I think that in the acute 
myocardial infarction group, while the association is very 
tempting, we have to remember that we have high levels of 
catecholamines, free fatty acids and lower potassium. We are 
not sure of the effect of left ventricular function because it has 
not been precisely measured in that correlation, for example, 
with radionuclide ejection fraction rather than just clinical 
signs. Therefore, I am not sure that the role of hypokalemia 
is independent of those other factors I have just mentioned 


relevant to ventricular arrhythmias. I think the answer to Dr. 


Cohen’s question is “we don’t know.” 


Dr. Lauler: What about the sudden death syndrome in 
women who diet taking liquid protein? There have been a 
number of sudden deaths described in the U. S., but the 
women did not have hypokalemia. 


Dr. Brown: Dr. Hollifield's? data from Vanderbilt showed 
that women who took diuretic therapy had low potassium and 
no other signs of heart disease. They did not study it carefully 
because they did not have echocardiograms to be certain that 
left ventricular hypertrophy was not present. The electro- 
cardiogram is often insensitive to that phenomenon. 

The other point is that we do not know if a diuretic itself, 
through some unknown mechanism, is not. causing the hypo- 
kalemia. 

Dr. Nordrehaug showed that the instance of sudden death 
in the hypokalemic group did not correlate with left ventric- 
ular function. I think that may be interesting, because if the 
hypokalemia were simply a marker of the more severe infarct, 
wouldn't there be a correlation between poor left ventricular 
function and hypokalemia? 


Dr. Nordrehaug: I tried to show that the difference be- 
tween the hypokalemic and normokalemic patients with 
ventricular fibrillation was greatest in the patients who had 
a good prognosis at 3 months, and in which we had a very high 
successful resuscitation rate. It was in these patients that the 
difference between groups was largest. 
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Silent Myocardial Ischemia as a Manifestation 
of Asymptomatic Coronary Artery Disease: 
What Is Appropriate Therapy? 
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silent myocardial ischemia is one of the most im- 
yortant clinical manifestations of asymptomatic 
;oronary artery disease, along with sllent myocar- 
ilal Infarction. It may well be a forerunner of sudden 
cardiac death. Although our understanding of the 
yathophyslologic mechanisms of the syndrome Is 
till unresolved, we do know that prognosis In certain 


\symptomatic coronary artery disease (CAD) and silent 
nyocardial ischemia might not appear at first glance to 
ye related to previous presentations in this issue, but 
hey are when we consider that catecholamine-induced 
1ypokalemia can lead to ventricular tachycardia, fi- 
rillation and sudden cardiac death. Anywhere from 
me-third to one-half of the people who experience 
udden cardiac death have never had a history of car- 
liovascular disease.! Yet, at autopsy almost 90% of them 
urn out to have extensive CAD? In other words, there 
ure sudden death victims who have apparently never 
ippeared in a physician's office with any kind of warn- 
ng that this catastrophe was about to happen. Could 
he final event be related to catecholamines and hypo- 
calemia? Could it have been prevented by 6 blockade 
t other measures? These are intriguing questions. 
We have known for a long time that of 100 patients 
vho present to physicians with clinical signs or symp- 
oms of coronary disease, only 50 are going to present 
vith angina. 'The other 50 are either going to present 
vith sudden death as just noted, or with an acute 
nyocardial infarction. There must be many people 
valking around with very severe coronary disease who 
nay be at substantial risk and yet are asymptomatic. 
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subsets of patients is far from benign. For that rea- 
son, aggressive therapy is recommended in 
asymptomatic patlents with advanced disease, 
especially if they have already experlenced a 
myocardial infarction, silent or otherwise. 


(Am J Cardiol 1985,56:28D-34D) 


In this article, I will present an overview of silent 
myocardial ischemia, and then discuss what the thera- 
peutic options are, including treatment with 8-blocking 


agents.: 


Definitions 


For purposes of this article, asymptomatic CAD does 
not refer to someone who has had a myocardial infarc- 
tion and who no longer has any evidence of active 


ischemia, nor does it refer to someone who has had - 


multiple myocardial infarctions resulting in a “burnt- 
out" ischemic cardiomyopathy. Rather, it refers to the 
person with ongoing ischemia, documented by an ex- 
ercise test, an exercise radionuclide procedure or some 
other objective measurement of ischemia, but without 
angina or the usual angina. equivalents. T'hese people 
can have their silent myocardial ischemic episodes in 
one of these settings: (1) they are totally asymptomatic; 
(2) they have had a myocardial infarction but are now 
totally asymptomatic; or (3) they have angina, but for 
each anginal episode one or more painless episodes can 
also be documented. 

This last subgroup is receiving os attention 
because of the work of Schang and Pepine,? who along 
with several other groups have done studies with Holter 
monitoring that show the very-frequent occurrences of 
silent ischemia. The example from their work in Figure 
1 is that of a building manager who had a treadmill test 
while a Holter monitor was in place. He had a typically 
positive electrocardiogram response with angina, but 
later on when he returned home, he had angina upon 
opening the door. He took nitroglycerin and it went 


t 
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away. Later in the day, while he was cleaning the 
building, he experienced a very similar episode of ‘an- 

a, but there was no pain. This happened again later 
as well; there was no evidence of chest pain while sitting 
and reading (bottom panel), even though ischemic 

ST-segment depression was recorded. 

| When these reports and others from Sem and 
Tzivoni! were initially published in the mid-1970s, they 
were greeted with some skepticism for 2 reasons. First, 

hysicians have been conditioned to believe that myo- 
cardial damage means chest pain or its equivalent. The 
concept of silent myocardial infarction has always been 
something of a gray area. Silent myocardial ischemia 
was greeted with the same kind of skepticism. Second, 
cause of problems with artifacts on Holter monitors, 
especially those involving ST-segment changes, I do not 
think these reports were taken as seriously as they 
hould have been. 

In 1983,-an important study from Deanfield et al5 
helped change this.attitude. Not only did this study 
confirm that these ST changes really occurred arid were 

ot artifacts, but it also showed convincingly that they 
occurred very frequently in patients with known coro- 
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FIGURE 1..ST-T changes observed on ambulatory TEK W 
monitoring: frr-a; building manager. Electrocardi- una) B d in 


ográpic changes occurred on exercise test, during 
work and at rest, but were not always accompa- 
nied by pain. Reproduced with permission from 
Am J Cardiol.3 
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nary disease. In their latest report, they performe 
additional sophisticated tests of coronary blood flo 
(with radioisotopic measurements) to show that my: 
cardial perfusion is being adversely affected durir 


` asymptomatic episodes (Fig. 2), just as it is durir 
: symptomatic episodes. 


'This has tremendous therapeutic implications, whic 


I will comment on later. Suffice it to.say that mo! 


physicians now believe that painless ST changes- 
especially in patients with known CAD—do represe: 
episodes of silent myocardial ischemia and probab. 
have the same hemodynamic connotations as thos 
episodes that are associated with pain. 

How prevalent are the different types of silent my: 
cardial ischemia? I think most, if not all, patients wit 
asymptomatic angina also have episodes of silei 
ischemia. In these patients, angina is only the “tip of tk 
iceberg" in terms of the number of ischemic episode 


-` In those patients who have had:a myocardial infarctic 
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but are now asymptomatic, I estimate that at least | 
to 2096 will demonstrate silent myocardial ischemia c 
a predischarge exercise test.’ Simple arithmetic sho 
that this group must represent tens of thousands 
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TABLE! Pathophyslologic Mechanisms In Silent 
Myocardial Ischemla 


Alteration in pain threshold or perception. 
Varying amounts of myocardium in jeopardy RUD. 
Ischemic episodes: 


patients per year in the United States. Furthermore, I 


estimate that about 4% of totally asymptomatic mid- 


dle-aged men in this country have at least 1 significant 


subtotal obstruction of a coronary artery." Again, simple 
arithmetic yields a figure of about 2 million middle-aged 
men. Considering that we are probably treating a total 
group of about 5 to 6 million people a year with CAD, 
this group of 2 million is a very substantial number. 
Perhaps when we talk about sudden death in people 
who have never had a history of heart disease before, we 
are talking about this asymptomatic group. Perhaps 
when we talk about someone who has had an infarction 
without a history of prior angina, we're also talking 
about someone from this group. It is a real public health 
problem. Looking at the numbers we are dealing with, 
in the millions, and the very little work that has been 
done in this area, and contrasting it with Prinzmetal's 
angina, I find it a disturbing comparison. All of us at- 
tending this conference can each account for perhaps 
no more than 6 patients a year with Prinzmetal's angina, 
yet there are voluminous reports in this area. I have 






Control 


FIGURE 2. Tomographic “slices” of a patient through the midleft 
ventricle show regional myocardial uptake of rubidlum-82 In posterior 
wall, free wall, anterior wall and Interventricular septum of the left 
ventricle. Distribution of regional perfusion during control, cold pressor, 
unprovoked ST depression and exercise is demonstrated. Evidence of 
regional Ischemla occurred during all 3 tests and supported the ST- 
segment changes as evidence of ischemla whether or not chest pain 
occurred. Reproduced with permission from Am J Cardlol.® 





nothing against research in this area, but I would like 
to see a revision of the ratio of effort expended to 
prevalence of the disease. 


Approaches to Therapy 


To formulate an approach to therapy, one must 
consider the pathophysiologic mechanisms responsible 
for silent myocardial ischemia (‘Table I). as well as the 
natural history (prognosis) of the syndrome. 

Droste and Roskamm measured electrical pain 
thresholds in patients with silent myocardial ischemia 
because one of the possible pathophysiologic mecha- 
nisms for this disorder is an abnormality in pain 
threshold or perception.’ They studied the somatic pain 
threshold (as one can imagine, it would be very difficult 
in a human, both technically and ethically, to measure 
pain stimuli applied directly to the myocardium). These 
investigators used a commonly accepted pain-stimu- 
lating technique in which an electric shock of small in- 
tensity (0.5 mA) is applied to the thigh. In their control 
group of patients with symptomatic ischemia, the re- 
sponses hovered around the mean of 0.5 mA (Fig. 3). 
However, in their group of asymptomatic patients, the 
pain thresholds were spread out. They concluded that 
perhaps there is some abnormality in pain threshold or 
pain perception that accounts for the patients who do 
not experience angina or its equivalent. This could ex- 
plain this response in those persons who are totally 


. asymptomatic, but in persons who experience pain with 


some episodes of ischemia and not with others, this 
explanation would not suffice. 

Other investigators have looked at the amount of 
myocardium in jeopardy as a possible mechanism of 
silent ischemia. For example, in our early studies, my 
colleagues and I evaluated positive exercise test results 
in those patients who had a history of angina, but who 
had silent ischemia during their exercise tests. We 
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FIGURE 3. Electrical somatic pain threshold In patients with symp- 
tomatic and asyimnplomatic myocardial ischemia. Reproduced with 
permission from JACC.® 
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compared the clinical and angiographic features of those 
patients with others who had angina and who also had 
typical pain during positive stress tests.? We could find 
no differences in the amount of multivessel disease 
present, in collateral vessel formation or in reduced 
ejection fraction, plus a host of other clinical factors. We 
concluded, based on this kind of assessment, that it did 
riot appear that the amount of myocardium in jeopardy 
was different in symptomatic versus asymptomatic 
episodes. With the availability of newer techniques, we 
have performed ‘radionuclide ventriculography and 
determined regional ejection fractions using similar 
protocols. We found that persons without a history of 
angina who demonstrate silent ischemia seemed to have 
the same amount of myocardium at jeopardy as those 
who have angina.!? Other groups have come to different 
conclusions. For example, Chierchia et al!! collected an 
enormous amount of data by leaving cardiac catheters 
in place during spontaneous episodes of ischemia. They 
reported that some patients who had massive perfusion 
defects (documented by perfusion scanning with thal- 
lium-201) during painless episodes had tremendous 
elevations in left ventricular end-diastolic pressure. In 
general, however, they found that the episodes of 
asymptomatic ischemia, as opposed to the painful ones, 
had lesser elevations in left ventricular end-diastolic 
pressure and lesser reductions in dP/dt, and that the 
silent episodes lasted for a lesser duration. They 
concluded, therefore, that the silent episodes were 
shorter and had less severe effects on the myocardium, 
although there was a great deal of overlap. This may 
help to explain why some persons have pain with one 
E and not another. On the other hand, there was 
enough overlap in the responses that the investigators 
cautioned readers not take these data as the final word 
lin the pathophysiology of the syndrome. 
| Figure 4 is from another series of European studies.!? 
| Using Holter monitors, the investigators recorded the 
‘number of ischemic episodes with and without pain 
| during their patients’ various activities. A very striking 
' finding is the large proportion of asymptomatic episodes 
_ that occur with what we could call nonexertion-related 


4 r 
FIGURE 4. Activity at onset of ischemic 
attacks. Intense physical activity equals 
jogging, playing tennis, bicycling, 
| walking upstairs and sexual activity. 
Moderate physical activity equals slow 
| walking, light housework and light hand 
labor. Reproduced with permission 
| from JACC. 
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activities compared, for example, with exertion-relatec 
activities. This suggests that there may be a vasospasti 
component assocated with many of the silent episodes 
Deanfield's studies? cited earlier also indicate the samt 
type of phenomenon because the onset of silent episode: 
on Holter monitoring corresponded to lesser hear 
rate-blood pressure products than exertion-relatec 
angina in the same patients (Fig. 5). 

What do we know about prognosis? First, there ar 
very few large-scale studies in totally asymptomatu 
people. It is easy to see why: It is hard to advocat: 
widespread cardiac catheterization to make a conclusivi 
diagnosis because this procedure has its own small bu 
definite morbidity and mortality. One study fron 
Norway? and another from the U.S. Air Force! d 
address these issues. There are also studies of patient; 
who are asymptomatic after myocardial infarction, suci 
as the Coronary Artery Surgery Study (CASS),!° anc 
studies with mixed populations of totally and partially 
asymptomatic patients (the Duke-Harvard study),! 
plus mildly symptomatic ones (the National Institute: 
of Health [NIH] study).!” 

Let us briefly consider the Duke-Harvard study. Thi: 
was a retrospective data-bank study. My colleagues anc 
I studied a group of 44 patients who were angina-fret 
and had been pain-free for at least several months anc 
were not receiving medication at the time of catheter 
ization. The computer “matched” them with at least : 


. or 8 patients from a control group that had simila: 


clinical and angiographic features, but had angina 
There were 127 patients in this group. We then analyzec 
the 7-year follow-up of the 2 groups to see how man) 
patients died, how many developed angina and so forth 
We found that, in general, the group with symptoms hac 
a mortality rate of about 5.5% per year. Those withou 
symptoms had approximately half this rate. Shortly 
after we published this study, the NIH group publishec 
the results of their study of patients who were asymp 


- tomatic or mildly symptomatic. The results were ver: 


similar. There was about a 3% a year mortality rate ir 
their asymptomatic group, compared with our 2.7% 
Thus, when compared with symptomatic patients 
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TABLE Eight Year Follow-Up of 50 Men with Asymptomatic Coronary Artery Disease and Silent Myocardial Ischemia 





Unchanged Exercise Myocardial 
Disease at No. Clinical Test More Angina infarction 
Baseline Study of Patients Course Abnormal Developed Developed Dled 
1-vessel disease 15 10 5 3 1 0 
2-vessel disease 18 5 12 6 2 1 
3-vessel disease 17 2 10 7 4 2 





Adapted from reference 13. 


asymptomatic patients appear to have a good prognosis. 
There is one caveat, however, and it is a very important 
one. 

In the 3-vessel disease group, the prognosis was far 
from benign. In our study, the yearly mortality rate in 
the asymptomatic group was about 5%, whereas in the 
symptomatic group it was about 8%. The NIH group 
found that the 3-vessel disease group had a 6% mortal- 
ity. Patients with poor exercise tolerance had a 9% 
yearly mortality rate (Fig. 6), which is very striking and 
in marked contrast to the CASS data. 

In conclusion, it is my belief that the totally or par- 
tially asymptomatic patient with silent ischemia 
probably fits into 1 of 2 types of scenarios. On one hand, 
the presymptomatic person with limited vessel disease 
is going to do well, and probably will present clinically 
with angina or a nonfatal infarction. Ón the other hand, 
the person with 3-vessel disease or left main disease has 
a good chance of presenting initially with a massive 
myocardial infarction or sudden death. In short, those 
persons with more extensive disease may very well turn 
out to experience catastrophic events as their first 
manifestation of CAD. The natural history data from 
the Norwegian study!? seem to bear this out (Table II). 
The prognostic implication of silent ischemia in patients 
with angina is not yet known. 

What the relation is between catecholamine-induced 
hypokalemia and prognosis is an interesting question, 
because obviously this is a possible mechanism for 
sudden death. If someone is under extreme exertion, for 
example, and 1s producing cathecholamines, we could 
certainly see a mechanism for sudden death or for 
vasospastic interruption of blood flow. On the other 
hand, one could also argue that prognosis is worse in the 
symptomatic patients, because in having pain, they are 
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FIGURE 5. Distribution of heart rates at onset of ST depression during 
ambulatory monitoring and during exercise testing. Reproduced with 
permission from Lancet.§ 


stimulating more of a cathecholamine release than 
someone who is not aware of the ischemia. It is an 
argument that can go either way. In both types of pa- 
tient, taking diuretics (for hypertension) without po- 
tassium replacement could seriously increase this po- 
tential for catastrophe. 

What can we say -about therapy in the totally 
asymptomatic person? One thing we can do is to modify 
risk factors. One of the studies from the U.S. Air Force!* 
cited earlier showed that the asymptomatic patients 
most likely to die from CAD are those with multiple risk | 
factors as well as silent ischemia. We can provide needed 
psychologic counseling, because we are telling these 
people that they have a lethal disease, yet unlike the ` 
other silent killer, cancer, we are not sure of the appro- 
priate therapy. Can we recommend prophylactic drug 
therapy with 8 blockers, nitrates or calcium antago- 
nists? Should we recommend surgery for some? 

When treating silent myocardial ischemia, we do not 
have the advantage of a symptomatic endpoint, such as 
pain. We have to use objective measurements (which are 
probably better anyway) for evaluating antiischemic 
therapy. T'able III describes a study that we have con- 
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FIGURE 6. Life table analysis comparing patients with 3-vessel disease 
who were able to achieve 100 or more watts on the bicycle ergometer 
and patients who had poor exercise capacity (<100 watts). In this 
comparison between 2 groups, probabllity data are calculated for both 
groups when ‘an event occurs in either group. Reproduced with per- 
mission from Am J Cardiol. 17 


Adrenergic Blocking Drugs 
Before BB 
Time to Ex-ST| 207 £75 
(seconds) 

Maximal ST| 1.41 x 0.14 
(mm) 
ARVG Ex-EF —0.06 + 0.02 

(regional) 
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TABLE III Treatment of Silent Myocardial Ischemia Durlng Exercise with Beta- 


After BB p 
348 + 89 <0.05 
0.81 + 0.20 <0.05 
—0.01 + 0.01 «0.01 


ic blockade; EF = ejection fraction; Ex = exercise; RVG = radionuclide ventriculogram; 


BB = B-adrenerg 
ST} = ST-segment depression. 


ducted to treat silent ischemia with B blockade.!9 We 
used 3 criteria. First, we used the time to exercise-in- 
duced ST-segment depression. Second, we used maxi- 
mal ST-segment depression. Third, we used the change 
in exercise ejection fraction obtained from radionuclide 
studies. In this small group of 11 patients, the striking 
effect of propranolol administration can be seen. Before 
B blockade, the patients averaged 207 seconds on the 
treadmill before at least 1 mm of ST-segment depres- 
sion was apparent. This time was lengthened signifi- 
cantly with 8 blockade. The maximal amount of ST 
depression in any 1 lead after blockade was also de- 
creased significantly. Most interestingly, the change in 
regional ejection fraction with exercise before B blockers 
was significantly ameliorated with 8 blockade. Fur- 
thermore, of the 18 regions subserved by stenotic cor- 
onary arteries, 11 showed either no decrease or an actual 
increase in ejection fraction. 

, We do not know at this time if 8 blockade has any 
effect on prognosis in these patients, but we know we are 
"buying time” for them in at least one sense. They can 
now conduct their normal activities without getting 


ischemia at the same level of activity as before. They will - 


still probably get ischemia if they continue to exert 
themselves for long periods of time, but we hope it 1s to 
a lesser degree. Perhaps this therapeutic approach will 

prevent massive infarctions or death in some of these 
patients. It is impossible to say yet, because more time 
is needed before the prognostic impact of these studies 
can be fully evaluated and compared with what we are 
learning about the untreated "natural history" of these 
patients. 

What of the postinfarction patient who is asymp- 
tomatic but has evidence of ongoing ischemia? In the 
immediate postinfarction state, prognosis over the 1- 
year period is worse than that of patients with negative 
| test results.!? Aggressive therapy is mandated. At the 

least this would be prophylactic 8 blockade, but cardiac 

catheterization for angioplastic or surgical consideration 
| is not an unreasonable approach. In patients not in the 
| immediate postinfarction period, therapy with 8 
blockers appears to augur well for prognosis, as wit- 
! nessed by the low yearly mortality rate in the medically 
; treated patients in the CASS report.19 
^A What of surgery? The problem with surgery is that 
all the small studies report low operative mortality, but 
i there are no valid controls. The only study that showed 
| some beneficial effect was the Seattle Heart Watch 
 Study.?? This was a retrospective computerized study 

in which the 3-vessel disease group did better with 
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surgical therapy that the medically treated group (Fig. 
7). In the CASS experience, there was no difference 
between medical and surgical therapy even in the 3- 
vessel disease group; but one of the problems with all of 
these studies is inadequate evidence of ischemia in 
many patients—as determined by exercise testing, for 
example. Such testing might reveal a high-risk subgroup 
of the type that Epstein et al!’ have cited. The only 
study that I know looked systematically at this is the 
one that was done at the Peter Bent Brigham Hospi- 
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FIGURE 7. Actuarlal survival curves comparing medically and surgically 
treated patients with 3-vessel disease subgrouped according to ejection 
fraction. Reproduced with permission from Circulation.?? 


JAD X SYMPOSIUM: POTASSIUM, CATECHOLAMINES AND BETA BLOCKADE 


tal.” We made sure that nearly every patient had an 
axercise test before surgery and then repeated it after- 
wards. This showed that the effect of surgery was gen- 
srally beneficial. Other studies have not done this. In 
‘he CASS report, for example, there were no data to 
ndicate whether the patients were having active 
schemia or not. | 

The final group of patients to be considered for 
sherapy are the patients with angina who experience 
requent episodes of silent myocardial ischemia. Be- 
'ause of the relatively low heart rate-blood pressure 
jroduct at the onset of ischemia, calcium antagonists 
nay prove valuable in the treatment of these patients, 
jut this remains to be proven. The role of nitrates and 
3 blockers also needs further study. Holter monitoring 
»nables us to evaluate therapy in a systematic fashion. 
[ think the next generation of Holter devices are going 
‘© revolutionize our approach to the treatment of pa- 
ients with angina. It will no longer be sufficient just to 
reat the symptoms of angina.?? If we can show—by 
reliable Holter monitoring techniques or exercise test- 
ng—that we have eradicated the symptom of angina but 
hat myocardial ischemia is still occurring at low levels 
X activity, we really have not treated the patient. I think 
tis going to be incumbent on us in the future to think 
X therapy for myocardial ischemia to be not only for 
yain, but for silent episodes as well. 

At this time I probably would not recommend ag- 
rressive therapy, either with drugs, angioplasty or sur- 
rery, unless there was considerable myocardium at risk, 
yased on catheterization studies and reliable noninva- 
ive tests. Finally, the more active the person's life-style, 
he more aggressive the therapy should be. 
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Discussion Ill 


Moderator: 


DAVID P. LAULER, MD 


Participants: MORRIS BROWN, MD, JEROME COHEN, MD, PETER F. COHN, MD, 


C. RICHARD CONTI, 


MD, VINCENT DeQUATTRO, MD, RICHARD GORLIN, MD, 


JOEL MORGANROTH, MD, WILLIAM C. ROBERTS, MD, 
and JAMES A. SCHOENBERGER, MD . 


Dr. Conti (Gainesville, Florida): Pepine and Schang! 
evaluated young patients in whom coronary artery disease was 


: proved by angiography. They also had positive stress test re- 
' sults. Although the methodology was relatively unsophisti- 


' cated, as Dr. Cohn indicated, they found that about 25% of the 


. time, these patients had symptomatic S'T-segment depres- 
_ sion, but 75% of the time they had asymptomatic ST-segment 


w-— — 


depression. In addition, when these patients were treated with 
repetitive doses of nitroglycerin over a 48-hour period, all of 


' the episodes of ischemia were markedly diminished, whether 


-. ——— 


symptomatic or asymptomatic. 

I would like to emphasize that this discussion is about 
asymptomatic myocardial ischemia, not asymptomatic cor- 
onary artery disease. The only way to detect coronary artery 
disease with precision is by angiography or autopsy. All of the 


| noninvasive techniques detect changes that are due to myo- 


cardial ischemia, which, in most instances, is due to coronary 
artery disease. How can we determine which patient has 


. asymptomatic coronary artery disease? 


Dr. Cohn (Stony Brook, New York): My particular strategy 
is the following. First, I don't exercise every middle-aged man, 
because of the cost/benefit reasons I've mentioned previously. 
Ilook for those persons who have the greatest chance of having 
coronary artery disease in general, and those are obviously 


' people with known risk factors. I start by looking for someone 
' who either has a family history of premature disease or has one 
. or more of the conventional risk factors that we are all aware 
| of. Then I subject that particular person to a conventional 
_ Stress test. If the result is negative, then I consider that at that 
' particular moment there is no indication of a very severe 
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coronary problem. If the exercise test result is positive, I take 
a different stance. Let me say that there are positive exercise 
tests and there are positive exercise testa. It is not like preg- 
nancy, where a little bit is the same as a lot. One of the great 
problems that we've had with exercise testing and why some 
people have criticized the procedure is that some physicians 
take a positive response of 1 mm after 15 minutes on the 
treadmill in a 30-year-old man and equate that with a 4-mm 


‘drop in ST segment after 1 minute on the treadmill and a drop 


in blood pressure in a 40-year-old person with hypercholes- 
terolemia. Those are both positive tests in the traditional 
sense, but I feel that’s an inadequate way to interpret them. 
You have to look at the duration of the test, the degree of 
ST-segment depression and other factors. When I see what 
I consider to be a very positive test, that means to me there is 

a great likelihood that I am dealing with very severe disease, 


regardless of the symptoms or lack of them. With this kind of 


exercise response, I don't always order a radioisotope proce- 


dure before proceeding to catheterization. Obviously, I an 
selecting out the person most prone to have disease. On th 
other hand, if I have a positive, but not very positive, exercis 
test by my guidelines—yet I’m still concerned I may b 
missing occult disease—I do a radioisotope procedure. If it’ 
negative, I don't proceed to catheterization. Based on m: 
previous experience, the exercise test is a false- -positive. That’ 
the way I approach diagnosis in the patient who is totall 
asymptomatic. 

There are certain groups of patients that I would recom 
mend go through a screening procedure, because of thei 
public safety jobs. Airplane pilots and FAA controllers havi 
certain rules that they have to follow in this regard. I woulc 
also include train engineers, bus drivers, people whom w: 
entrust our lives to, in a sense. I think they should be screene 
with at least a noninvasive test. That is essentially where 
draw the line in the totally asymptomatic person. But in pa 
tients who have had infarction, were all doing predischarg 
exercise tests routinely. This is how we're detecting silen 
ischemia in these patients. Because they have had a myocar 
dial infarction, the odds are over 95% that they have coronar: 
artery disease. And if they then have a positive exercise test 
as far as I’m concerned, that is enough to proceed to cathe 
terization. I don't need a-radioisotope study. I would like t 
have your comments, Dr. Conti. ` 


Dr. Conti: I agree. I’m concerned with leaving iis messagi 
that everybody who is 35 years and older should have an éx 
ercise test, because I think we would find a significant numbe 
of false-positive results. By false-positive result I mean ; 
positive exercise test and no coronary artery disease. Other 
have estimated that this occurs in 10% of a young, health: 
male population. 

Dr. Cohn: Some of you may be aware of the fact that ex 


ercise tests have been used as a prognostic factor in the genera 
population for many years. In these epidemiologic studies, | 


positive exercise test result carried an adverse prognostic risk 


there was sort of a belief that an abnormal exercise electro 
cardiogram was a "risk" factor for coronary disease. I don’ 
believe that. I believe it is a sign of underlying disease alread: 
present in many patients. I think we have to think of it as i 
marker of ischemia. Now, it is true that the reliability of S'] 
segments in detecting ischemia is much better in coronar 
disease patients than it is in an asymptomatic population 
Hence, Dr. Conti’s concern, and mine also, is that we don't gi 
sending everyone with a' positive exercise test off to tli 
catheterization lab. On the other hand, we can't overlook the 
fact that someone may present at a doctor's office, or be sen! 
tous for consultation, with the kind of exercise test that is very 
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rightening, but without symptoms. I think the era of saying 
‘no pain, no worry,” which some conservative cardiologists 
till live in, is over. 

Dr. Brown (London, England): Will you be ordering serum 
'otassium tests on every patient? 


Dr. Cohn: From now on I will. 


Dr. Gorlin (New York, New York): I wonder if you might 
econcile the findings that you made with the traditional 
oncept, possibly out of date, that pain was a warning sign. 
(ou educated your patients to this, and they often stopped 
vhat they were doing based on their discomfort. Unless they 
iad the so-called “walk-through” phenomenon, they were 
irged not to go on when they perceived pain on the concept 
hat if they did, they would develop some further serious 
omplications of ischemia. I am trying to put together a 
rumber of ideas and get your comments on them. Is there a 
ain equivalent that gives someone a shortened exercise ca- 
acity in an exercise test —they feel fatigue, they don't feel 
ight, but it’s not pain. Does this have anything to do with the 
dea that you are dealing with many repeated short episodes 
f ischemia, which don’t reach the point of creating pain? 


Dr. Cohn: I think that in response to your first question, 
"ve seen enough of these people in a variety of tests experience 
narked ischemic changes without any symptoms whatsoever 
0 believe that there really isn't any anginal equivalent that 
ve're missing. They are just not aware of the ischemia. In fact, 
t was one of your early papers, about the generation of the 
nyocardial pain impulse, that influenced my thinking. It 
ointed out very nicely that there were so many factors— 
ieural, psychological, sociological—all involved in the patient 
aying, "I have angina," and that there are so many places 
dong the way where something can happen to interrupt the 
normal" sequence of events. This is really not that surprising 
ind it should be accepted as a given fact. Whether the episodes 
ure shorter or not is an interesting point. Maseri et al? and 
thers have reported that, in general, they feel that the shorter 
;pisodes are more likely to be the silent ones. If the patient 
'ontinues with ischemia long enough, they will.overcome the 
hreshold factor and will then experience symptomatic 
schemia. I think, in general, this is probably true. However, 
here are many exceptions to the rule as Maseri himself has 
‘ommented on. Using the sophisticated techniques available, 
ve have seen people with massive defects in perfusion and 
remendous interruptions in left ventricular function. 
l'herefore, I think we must be careful in saying that the silent 
ipisodes mean minor-league ischemia and we should not 
vorry about them. My feeling is that when we have extensive 
'oronary vascular lesions, even the shorter episodes could be 
ufficient to cause either tremendous myocardial damage or 
lectrical instability. 


Dr. Gorlin: Yet, you did not find, if anything, a decreased 
vent rate in your patients? 


Dr. Cohn: Correct. One of the reasons for this comes back 
o the role of catecholamines again. The very perception of 
iain and the secondary consequences of having pain (fright, 
nxiety and so forth) may trigger much more of a catechol- 
mine release in symptomatic persons than in those having 
silent episode. When disease is limited, the prognosis is good. 
-hose who have extensive disease might not have that good 

prognosis. I try to separate out the persons with left-main 
nd 3-vessel disease from those with 1-vessel or lesser degrees 
f 2-vessel disease. 


Dr. Morganroth (Philadelphia, Pennsylvania): I wonder 
"we could go back for a moment to your algorithm on how you 
iagnose these patients and ask you to amplify one segment. 
n those patients who have what appears to be a positive ex- 
rcise test, and in whom a thallium perfusion.scan or radio- 


am 


nuclide ejection fraction is undertaken, and that test is also 
positive, you then implied that you virtually always go on to 
cardiac catheterization. Do you do that because you are going 
to find that the results of that catheterization will help you 
treat the patient differently, and if so, how? 


Dr. Cohn: I think that the knowledge that a patient hag 
3-vessel or left-main disease has to have a bearing on how you 
are going to approach that patient ... whether they are 
symptomatic or asymptomatic. I don’t differentiate between 
the two. If I have a positive exercise test and I go on to show 
the patient has an isolated distal left anterior descending le- 
sion, for example, I am much more content to settle back and 
treat the patient with only medical therapy. On the other. 
hand, when I find a left-main lesion, I have to give very serious 
consideration to surgery. For me, the only way I can be certain - 
of what I am dealing with is with the catheterization proce- 
dure. I do not recommend the catheterization procedure un- 
less I have good, noninvasive evidence that I am going to find 
disease and probably severe disease. 


Dr. Morganroth: Can you review for us what the data are, 
if any, on taking the asymptomatic 3-vessel disease patients, 
and treating them medically versus surgically? You suggested 
an intensive medical, not surgical, approach. 


Dr. Cohn: The only data we have, of course, come from the 
Coronary Artery Surgery Study (CASS) which is in an 
asymptomatic postinfarction group. We all know the limita- 
tions of this study. That is one particular study. However, I 
remember listening with some interest to one of the ‘“Con- 
troversies in Cardiology" sessions at a recent American College 
of Cardiology meeting. Dr. Stephen Epstein was arguing for 
a benign approach to this kind of patient. Dr. Willis Hurst was 
arguing for an aggressive approach. Dr. Hurst made a telling 
point using Dr. Epstein's own data. Because Epstein’s 
subgroup with 3-vessel disease and poor exercise tolerance had 
a mortality rate of 9% per year with medical therapy, Dr. Hurst 
felt that there was no surgical therapy that even came close 
to being as poor as that. He said that a patient in that 
subgroup should have surgical therapy. Dr. Epstein who was 
arguing against surgical therapy for asymptomatic disease was 
forced to agree with him. 

What about sudden death? What about people who are 
resuscitated from sudden death? 'That's an interesting subject 
in itself. There was one very exciting study that came out of 
the University of Minnesota several years ago and was pre- 
sented at the American Heart Association meeting. In Min- 
neapolis they have an excellent mobile rescue unit, and they 
were able to resuscitate people who had out-of-hospital ven- 
tricular fibrillation, and then study them in the hospital. 
There were 19 such individuals who were resuscitated out- 
of-hospital from sudden death and then admitted for definite 
study. All had significant disease at catheterization. In the 
catheterization lab, they also stressed them with an atrial 
pacing study. One-half of these patients never had any history 


of cardiac events. 


They all demonstrated continuing silent ischemia in the 
catheterization studies. It was a very provocative study in its 
public health implications. It suggests that there is a popu- 
lation walking around that is prone to this kind of catastrophic 
calamity. Whether it is due to the factors we have been talking 
about today, or others, we’re not sure. I feel the identification 
of these people, before the fatal event, should be attempted 
whenever possible. Obviously, we are going to miss a lot of 
them. On the other hand, even if we only detect those with the 
very, very positive test results, we are going to identify at least 
some of those at risk, . 

Dr. Schoenberger (Chicago, Illinois): I believe that CASS 
involved patients with stable angina and the survival curves 
for 2- and 1-vessel disease averaged an annual mortality of 
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about 1.5%... both in the surgically and medically treated 
groups, which is much lower than the average annual mortality 
that you reported. Can you explain this? 


' Dr. Cohn: I think the question comes down again to the 
patient population. Out of the 16,000 people that started the 
CASS experience they were able to randomize 780 people with 
Canadian Cardiovascular Society angina class 1 or class 2. I 
think they had a very select population. Taking that all into 
consideration, I still have no'particular qualms with the fact 
that they had a good mortality rate. In fact, if I could be shown 
that I could treat my asymptomatic multivessel patients with 
medical therapy and get away with less than a 296 mortal- 
ity per year, I would probably be delighted. Remember the 
group we're talking about now, in terms of prognosis, is 
untreated. 


| Dr. Schoenberger: The reason I'm asking the question is 
that, at least to my knowledge, there never has been a dou- 
ble-blind, controlled trial of propranolol or any other B blocker 
in the treatment of angina that used survival as its endpoint. 
There is a therapy that has become almost universally ac- 
cepted, but never really adequately tested. Is there another 
possible explanation for the good results in CASS; namely, 
that almost all of those patients were getting 8 blockers and 
that this may be indirect evidence that B blockers used in such 
a clinical getting do prolong life? 


Dr. Cohn: I believe that they do prolong life. We can’t prove 
it, as you know. I don't think it would be ethical to take a group 
of patients with angina and not follow them with medical 
therapy. I believe that the effect of 8 blockade has been to 
prolong life, and I think part of the good results in the CASS 
experience reflects that. I think it is all for the good that we 
can demonstrate a good response to therapy in these patients: 
.My particular point of view is that I would like to see all 
asymptomatic patients at least treated with medical therapy. 
"Forget surgical therapy for the moment. At the present time, 
the current trend has been to ignore therapy in these 
patients. 


Dr. Schoenberger: I couldn't agree with you more, but 
I think it is unwise perhaps to compare a group that was 
studied 10 years ago with a group that's being studied now, 
'because there are trends in therapy that make them not 
comparable. 


Dr. Cohn: I agree. On the other hand, Dr. Epstein's 3-vessel 

subdisease group with poor exercise tolerance were reported 

. to be dying at 9% a year. That is a hard figure to reconcile with 
not doing anything about therapy. 


Dr. Roberts (Bethesda, Maryland): It seems to me that the 
use of the figures from Kent et al* in talking about asymp- 
tomatic patients is different from yours, because many of their 
patients were asymptomatic after healing of an acute myo- 
. cardial infarction, which is different from the patients you 

were talking about, who have episodes of silent myocardial 
| ischemia and previously had no coronary events for the most 

part. Let me pursue the situation of the patient who comes in 

to see you and has a positive exercise test result, but has never 

had a myocardial event—totally asymptomatic. Although 
| CASS did not include patients whose only manifestation of 
| coronary artery disease was a positive exercise test, possibly 
| this group is analogous, in part, to the CASS group, which was 
: asymptomatic after healing of an acute myocardial infarction. 
. Of the latter group, of course, there was no difference in sur- 
" vival in the patients randomized to medicine compared with 
' those randomized to surgery. It is not possible to increase “the 
quality of life" by offering coronary angioplasty or coronary 
. bypass to an asymptomatic patient. Àt least CASS has indi- 
' cated that asymptomatic patients, after healing of an acute 

myocardial infarction, or those with mild angina (without 


previous myocardial infarction) do not have increased survival 
by coronary bypass compared with patients not having coro- 
nary bypass at the time the data were analyzed. 

The other point is that the finding of severe narrowing 
(>70% diameter reduction) of the left main coronary artery 
among asymptomatic or mildly symptomatic patients with 
coronary artery disease is extremely low. Among the 16,000 
or so patients recruited in CASS, only 4.396 had such severe 
narrowing of the left main coronary artery and most of them 
had class III or IV (Canadian Heart Association classification) 
angina pectoris. Thus, there is little reason to believe that the 
frequency of severe left main narrowing in the asymptomatic 
coronary artery disease patient would be as high as 4.396. 

Your pursual of the patient past the standard exercise test 
to the radionuclide test would simply be, it seems to me, to 
determine whether or not to put that patient on B blockers, 
not whether coronary bypass, or possibly even coronary an- 
gioplasty, would be performed. 


Dr. Cohn: If you are going to look at the CASS experience, 
you have to also accept the fact that all those patients were 
catheterized. If you are going to talk about the hypothetical 
patient you cited, you better know the anatomy. 


Dr. Roberts: This patient wouldn't even fit into the CASS 
because there were never any symptoms of myocardial 
ischemia—either angina pectoris or acute myocardial in- 
farction. i 


Dr. Cohn: If you want to take a patient who is asymptom- 
atic with a very positive exercise test result and you are con- 
cerned whether or not he is having silent ischemia and you 
subject him to catheterization and you find out that he has 
3-vessel disease and you elect to put him on medical therapy, 
I have no quarrel with you. My quarrel is if you take a patient 
who comes in with a very positive exercise test and you elect 
not to do anything about him at all. I object to that very 
strongly. Even the CASS experience is medical verus surgical, 
not absence of all therapy versus surgical therapy. 


Dr. Roberts: I’m talking about what do you do. To me, you 
have no justification in studying a patient of this type at this 
time for possible operative intervention. You may have all the 
justification you want for -blocker therapy. 


Dr. Cohn: I think you have to decide that question on the 
basis of your final catheterization data. I would prefer that 
every patient we find with asymptomatic disease, whether it 
be left-main or 3-vessel disease, be entered into a registry, 
which would permit us to establish the natural history of the 
disease. Attempts to do this in the U.S. have been unsuc- 
cessful. In the absence of such a registry, I think you have to 
put yourself in the situation where you have an asymptomatic 
patient with that proverbial 99% left-main lesion. What are 
you going to recommend as his physician? 

Dr. Cohen (St. Louis, Missouri): This comment relates to 
silent ischemia. Consider a group of men with classic angina, 
where you are fairly certain that you are dealing with coronary 
disease, but.of such frequency that daily use of medication 
would not be necessary. In this group the rationale, I believe, 
might be to advocate a “cardioprotective” medication because 
these men are at relatively high risk even though the absolute 
risk is low for sudden death. I would advocate 8 blockade (in 
the absence of contraindication) as a first-line therapy ap- 
proach to infrequent angina, which may occur only several 
times a week or less. I would say that if you extrapolate from 
there, one of the problems that we have from the Multiple 
Risk Factor Intervention Trial data is what do you do witha 
hypertensive patient who has an abnormal electrocardiogram, 
which may be indicative of underlying heart disease. In that 
situation, my own feeling is to treat these patients with 
B-blocker therapy as a first-line drug of choice. 
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I think it makes sense. My question relates to the issue of 
symptomatic myocardial infarction. I just had an occasion 
> review an abstract updating the Framingham experience. 
s you know, the prognosis is the same as for patients who 
ave had symptomatic infarction. This has always been a 
iystery to me because my own reaction is that asymptomatic 
Yfarction is going to be less severe. Yet, the prognosis is the 
ame. I would like your comments. 

Dr. Cohn: It is interesting. I was talking to Dr. William 
.annel about prognosis as well as other features of his report. 
le made the point, and it's a fascinating one, that originally 
ne Framingham.study reported about a 25% incidence of si- 
mt infarctions. With the updated data, the observation still 
tands. Framingham, I think, is the most cardiologically 80- 
histicated city in the country because of the epidemiologic 
tudy—everybody is aware of it. Yet it has the same incidence 
f silent infarctions today that it had 20 years ago, about 2596. 
a other words, this is a real phenomenon. Obviously, these 
eople have survived the event, but they were without enough 
ymptoms to bring them to a physician's attention. The 
echanism remains unclear. The diabetic neuropathy pos- 
ibility is certainly there for those who are diabetics, but most 
f the people were not. 


Dr. De Quattro (Los Angeles, California): Regarding the 


patient with left ventricular hypertrophy and strain who is 
hypertensive and undergoes a treadmill exercise test, do you 
change your strategy, and require more ST-segment depres- 
sion in this clinical subgroup? 


Dr. Cohn: The problem with left anoi hypertrophy 
and strain, if it is profound enough, is that it will interfere with , 
the interpretation of the stress electrocardiogram. In that 
situation, if you were concerned about that person, you would 
go straight to a radioisotope procedure, such as a thallium test. 
Again, if I saw a very pronounced defect on the thallium study, 
I would have to give serious consideration to either going to 
catheterization, or at least instituting medical therapy. What 
I would not do, though, is just sit back and ignore the test re- 
aults. I think that in 1984 that would be a mistake. 
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Effects of Exercise on Blood Pressure, 
Plasma Catecholamines, Potassium and the Electrocardiogram 
After Diuretic and Neural-Blocking Therapy | 
E | for Moderate Hypertension 


VINCENT DeQUATTRO, MD, ALEYDA deGRAU, MD, ANDRAS FOTI, 


PhD, 


SUN JUNE KIM, MD, EIKO DeQUATTRO, RN, and JOHN ALLEN, MD 


Blood pressure control in mlld and moderate hy- 
pertenslon may reduce morbidity and mortality. On 
the other hand, antihypertensive drugs may cause 
adverse metabolic, electrolyte, neural and hemo- 
dynamic alterations that detract from their effec- 
tiveness. The effect of hydrochlorothiazide (HCTZ) 
on some of these factors was compared with that of 
HCTZ and a sympatholytic drug in 20 hypertensive 
patients with left ventricular hypertrophy and reti- 
nopathy. HCTZ controlled blood pressure at rest and 
during maximum treadmill exercise (— 12 mm Hg 
systollc and diastolic pressure (p <0.05), reduced 


eft ventricular mass by 7% (p <0.05) and lessened 


The current interest in control of blood pressure with 
aerobic and dynamic exercise in lieu of, or in addition 
to, drug therapy led us to examine the hemodynamic, 
neural, electrocardiographic and metabolic responses 
of 20 asymptomatic hypertensive patients to maximum 
treadmill exercise before and during antihypertensive 
therapy. Since the Multiple Risk Factor Intervention 
Trial, it has become even more important to consider 
these changes in the context of left ventricular hyper- 
trophy and the apparent increase in risk of sudden 
death in diuretic-treated patients who have electro- 
cardiographic evidence of left ventricular hypertro- 
phy.}? We assessed left ventricular hypertrophy on the 
basis of electrocardiogram (ECG) and in 60% of the 
patients, we were able to assess left ventricular mass 
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aerobic impairment at maximum treadmill exercise 
by 4596 (p <0.05). These effects were further im- 
proved after "neural blockade." A potentlal adverse 
effect of HCTZ—hypokalemia (—0.6 mEq/Ilter, p 
<0.01)—and the associated incidence of ectopy 
during effort (5096) were lessened after neutrallzing 
neural tone. 

Combination therapy with low-dose diuretic and 
sympatholytic drugs was effective and well tolerated 
In patients with cardiac and vascular sequelae of 
moderately severe hypertension. 


(Am J Cardiol 1985;56:39D-45D) 


with echocardiogram before and during therapy. Pa- 
tients were evaluated during 3 phases of therapy; pla- 
cebo, hydrochlorothiazide (HCTZ) and both HCTZ and 
“neural blockade” with either propranolol or guanadrel. 
The findings suggest that step II therapy with “neural 
blockade” offers additional benefit to hypertensive 
patients during the stress of progressive isotonic exer- 
cise to maximum effort. 


Methods 


Protocol: We studied 20 patients in whom hypertension 
was not controlled previously on diuretic therapy. The average 
blood pressure before drug washout was 150/100 mm Hg. 
Sixteen patients underwent 3-week washout and then 3-week 
placebo periods, respectively. Four patients. had diastolic 
blood pressure above 110 mm Hg after the step II washout and 
they remained on HCTZ during the placebo period. All pa- 


. tients were treated with HCTZ for 3 weeks; 10 were then 


randomized to HCTZ and guanadrel and 10 to HCTZ and 
propranolol for an additional 12 weeks. After initial titration 
with step II therapy for the first 6 weeks, the dosage was kept 
constant for the final 6 weeks of the combined diuretic and 
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TABLE! Sex, Race, Age and Retinal Characteristics of 





Study Patients 
Guanadrel Propranolol 

Males 8 8 
Females 2 ie 
Age 48+ 3 52+2 
Caucasian 5 4 
Mexican American 3 3 
Black 2 2 
Oriental 0 1 
Duration 1243 11+3 
Retinal 

Grade Il 6 4 

Grade | 4 6 


step II therapy. Two patients receiving guanadrel withdrew 
from the study after 6 weeks because of problems with retro- 
grade ejaculation. Two patients receiving propranolol did not 
complete the 12 weeks of step II therapy: one because of an 
interim diagnosis of hypothyroidism and pericardial effusion; 
the other had hydralazine added at 11 weeks because of poor 
blood pressure control. We used the values of the latter patient 
obtained at 6 weeks of step II plus diuretic therapy. Guana- 
drel, a peripheral sympatholytic agent, is structurally related 
to guanethidine, and like it, depletes catecholamines at the 
nerve ending by preventing reuptake (Fig. 1). Guanadrel has 
a more rapid onset and offset of action than guanethidine. 

Measurements: Assessments were made at the end of 4 
consecutive periods—placebo, HCTZ and HCTZ plus step I 
at 6 and 12 weeks, respectively. The Bruce protocol was used 
as the maximal exercise test and ECGs were made for 30 sec- 
onds every minute of exercise and for b minutes after end of 
exercise. Left ventricular mass was measured by echocardio- 
graphic techniques in a standard fashion.? Plasma catechol- 
amines were determined by radioenzyme assay.* 


Results 
Patients were randomized to antiadrenergic drug 


according to age, sex and duration of hypertension. All . 


patients had moderate uncomplicated hypertension and 
half had grade II Keith Wagener retinal changes (Table 
[). . 
The ECGs of 5 patients were normal. Ten had find- 
ings of left ventricular hypertrophy and, of the re- 
mainder, most had nonspecific T-wave abnormalities 
(Table II). Six of the patients in the latter group had left 
ventricular hypertrophy according to echocardio- 
zrams. 

Patients who entered the therapy phase of the trial 
after placebo were given 50 mg of HCTZ daily. The re- 
maining patients were maintained on their previous 
losage of HCTZ. The average dose at the end of period 


NH 
FT CH, NH*C. 
O.L0 - NH3 
* l2 H,SO, 


GUANADREL SULFATE 


N-CHy CH; NH-C 
2 H,SO, 


TABLE! Electrocardiographic Diagnoses 


Propranolol Guanadre! Total 


LV hypertrophy with straln or ischemla 2 2 4 
LV hypertrophy alone 2 2 4 
Nonspecific T wave abnormality 4 1 5 
Other (RBBB, LASH) 0 2 2» 
Normal 2 3 5 
10 10 20 


LASH = left anterlor superlor hemlblock; LV = left ventricular; RBBB 
= right bundie branch block. 


II was 55 + 8 mg of HCTZ (standard error of the mean) 
(Table HI). The maximum dosages established for 
guanadrel and propranolol were 120 and 320 mg/day, 
respectively. The mean dosages achieved for guanadrel 
and propranolol were 65 and 260 mg/day, respectively. 
Thiazide dose was adjusted upward for blood pressure 
control in the few patients in whom the maximal step 
II was reached. 

Potassium, uric acid and cholesterol: Potassium, 
20 mEq twice daily, was added after the first 2 exercise 
tests in the form of 10% potassium chloride solution if 
the serum potassium was $3.4. Seventeen of the 20 
patients required potassium supplements. After 3 weeks 
of HCTZ therapy, there was a decrease in potassium, 
a slight increase in uric acid and no significant change 
in cholesterol levels. The effects of guanadrel on po- 
tassium, uric acid and cholesterol levels are listed in 
Table IV. There were no further changes in potassium, 
uric acid or cholesterol after 12 weeks of HCTZ, gua- 
nadrel and potassium supplementation; the effects of 
propranolol and HCTZ are listed in Table V. HCTZ 
decreased serum potassium but this trend was reversed 
after the addition of propranolol and potassium. Uric 
acid was increased after HCTZ and remained so after 
propranolol. Cholesterol levels were unchanged after 
HCTZ alone and after the addition of propranolol. 

Blood pressure at rest: Supine arterial blood pres- 
sure at rest was reduced after HCTZ therapy in both 
groups (Fig. 2). There was a significant reduction of 
diastolic blood pressure after 6 weeks of step II therapy. 


The reductions were maintained at 12 weeks (Fig. 2). . 
Propranolol decreased systolic blood pressure in the. 


supine position. Guanadrel and propranolol produced 
comparable blood pressure reduction in the standing 
position (Fig. 3). 

Blood pressure during treadmill exercise: The 
mean blood pressures of the patients at the end of 
maximal exercise are given for patients in the individual 


} 


NH 


2 FIGURE 1. Chemical structures of 
guanadrel and guanethidine. 


GUANETHIDINE SULFATE 


~~ 
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TABLE lll ,Dosages of Medications (in mg) 


| Perlod Guanadrel HCTZ No. 

| 0 | 0 7 

ll 0 551-8 10 

- Il) 67 + 19 82 + 15* 10 

š IV 61+ 11 84+ 18* 8 
* p «0.05. 


TABLE IV Changes In Potassium, Uric Acid and 
Cholesterol with Step I and II Therapy 


HCTZ + Guanadrel + 








Placebo HCTZ Potassium Chloride 
Potassium 3.8 4 0.05 3.240 0.08* 3.2 + 0.09* 
Uric acid 6.2 +406 742405 7.4 X 0.8 
Cholesterol 240 6 228+ 16 210 + 10 
* p «0.01. 


Values are mean + standard error of the mean; no. = 9. 


TABLE V Changes In Potasslum, Uric Acld and 
Cholesterol with Step | and li Therapy 


HCTZ + Propranolol 


Placebo HCTZ -- Potassium Chloride 
Potassium 3.::0.1 3.220 1* 3.4 4- 0.1 
Uric acld 59+0.3 69+0.4 7.5+0.1* 
Cholesterol! 235 -+ 16 221412 236 + 18 
* p <0.01. 


Values are mean + standard error of the mean; no. = 10. 


subgroups after placebo, thiazide and step II therapy, 
respectively (Table VI). HCTZ produced significant 
reductions of blood pressure in both subgroups. The 
addition of step II therapy with either guanadrel or 
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FIGURE 2. Biood pressure reduction after hydrochiorothlazide. 
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Propranolol HCTZ No 
0 0 9 
0 48+3 10 
248 + 34 65 + 8" 10 
272 + 30 65 + 8* 10 
TABLE VI Effects of Adding Guanadrel or Propranolol on 


Blood Pressure and Pulse of HCTZ-Treated 
Patients (Maximal Exercise) 


’ Guanadrel Propranolol 
Blood Pressure Pulse Blood Pressure Pulse 
(mm Hg) (beats/min) (mm Hg) (beats/min) 
204 214 
Nude —— 1 
Placebo 160 162 105 61 
1811 208 
ECL — 1 
HCTZ 573 164 98" 91 
158 158+ 
peels kea 1221 
Step Il 81 132 88" 22 
* p «0.05. 
t p «0.01. 
t p «0.001. 


There were 10 patients in each group. 


propranolol reduced blood pressures further to a mean 
of 158/81 and 158/88 mm Hg, respectively. There were 
significant decreases in pulse rates in both groups in the 
range of 30 to 40 beats/min after guanadrel and pro- 
pranolol, respectively. 
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FIGURE 3. Blood pressure reduction after step Il therapy. 
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TABLE Vil Maximal Treadmill Exercise Tolerance with 


Placebo 
Duratlon Functlonal Aerobic Impairment 
Group . (seconds) (96) 
Propranolol 418+ 37 18 X7 
(no. = 9) 
* Guanadrel 484 + 48 19:4 
(no. — 10) 


Values are mean 4: standard error of the mean. 


Functional aerobic impairment: ‘The hypertensive 
patients had mild functional aerobic impairment of 18 
to 19% (Table VID). The mean duration of exercise time 
during the placebo period was 7 to 8 minutes, which was 
in the third stage of the Bruce protocol. Functional 
aerobic impairment was decreased in both groups after 
step I and step II therapies (Table VIIT). Because of the 
rather wide subject variation in the guanadrel subgroup, 
only the changes after propranolol were significant. 

Left ventricular mass: Left ventricular mass index 
was measured in 12 patients, 6 in each group (Fig. 4). 
There was a significant 7% decrease in left ventricular 
mass in the 12 patients after thiazide therapy (p «0.05). 
The further decrease in mass with the addition of step 
II therapy was not significant at either 6 or 12 weeks 
after the institution of guanadrel or propranolol. 

Serum potassium before and after treadmill ex- 
ercise: In the placebo period, the mean increase in po- 
tassium after exercise was 0.16 mEq/liter (Table IX). 


Serum potassium was decreased by HCTZ and HCTZ 


plus step II therapy; there was a further increment of 
0.31 mEq/liter after exercise during the diuretic ther- 
apy. At the end of step II therapy, the increase in po- 
tassium after exercise was nearly 0.6 mEg/liter (Table 
IX). l 
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FIGURE 4. Reduction of left ventricular mass with step | and II therapy. 
HCT = hydrochiorothlazide. 


TABLE VII Functional Aerobic Impairment After Diuretic 


and Step Il Therapy ‘ 
Placebo HOTZ Step Il 
Propranolol 18+7 144 7"* 154:5* 
Guanadrel 194 13 + 10 10 £7 
* p <0.05, 


Values are mean + standard error of the mean in 96. 


Plasma epinephrine and norepinephrine: Plasma 
epinephrine levels did not change during diuretic or step 
II therapy. The changes in epinephrine levels after ex- 
ercise were smaller in placebo and thiazide groups than 
after propranolol (Table X). Further, the increases in 
the epinephrine concentrations were related to the in- 
crements of plasma potassium after exercise (Fig. 5) (r 
= 0.79, p «0.05). | 

There was a small increase in plasma norepinephrine 
after HCTZ (p >0.05). There were significant decreases 
in plasma norepinephrine both at rest and during 
treadmill exercise after guanadrel therapy (Fig. 6). On 
the other hand, norepinephrine levels increased slightly 
in the supine position during exercise after propranolol 
therapy (Fig. 7). The content of plasma norepinephrine 
was correlated with simultaneous systolic blood pres- 
sure (r = 0.80, p <0.01) and with posterior wall thickness 
(r = 0.71, p «0.02). There was also a correlation of sys- 
tolic blood pressure with posterior wall thickness (r — 
0.73, p <0.01). 

Ventricular ectopy during treadmill exercise: 
Ten patients had ventricular premature contractions 
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FIGURE 5. Reduction of plasma norepinephrine after guanadrel. SEM 
= standard error of the mean. 
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TABLE IX Changes In Serum Potassium After Treadmill 


| Een 
| Increase 
Basal After 
Potassium Exercise 
Placebo 3.77 + 0.07 0.16 + 0.10 
HCTZ . 3.30 + 0.071 0.31 x: 0.11 
HCTZ and step ii 3.27 + 0.071 0.57 + 0.15* 
"p «0.02. 
t p «0.01. 


Values are mean + standard error of the mean. 


(VPCs) either during or in the 5 minutes after the 
treadmill exercise before.the addition of step II therapy 
(Table XI). There was a total of 2 to 6 VPCs per patient; 
none was multiform, repetitive or “R on T.” After step 
II therapy, ectopy was found in only 5 patients during 
exercise. The patients with persistent ectopy were those 
who took HCTZ during. the placebo period. Despite a 
difference in ectopy rate in the step I and step II periods, 
the mean serum potassium values of the patients were 
similar. 


Discussion 


Diuretic therapy, 50 mg of HCTZ a day, ione] both 
systolic and diastolic blood pressure in these moderate 
hypertensive patients at rest. Previously, we observed 
that the blood pressure reduction after HCTZ in this 
group of patients was associated with reduced periph- 
eral vascular resistance as measured noninvasively with 
plethysmography and ultrasound.” This was accom- 
plished despite a reflex increase in sympathetic neural 


tone reflected by increased levels of plasma norepi- . 


nephrine. Further, HCTZ lowered both systolic and 
diastolic blood pressures 10 to 12 mm Hg during maxi- 
mal treadmill exercise. Although enhanced neural tone 
was observed at rest, it was not apparent in the setting 
of maximal treadmill effort. Lake et al® found increased 
plasma norepinephrine levels in patients on HCTZ 
therapy both at rest and in the standing position. - 
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FIGURE 6. Simultaneous increase In plasma epinephrine and potassium 
with maximal exercise. 
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TABLE X Effects of  Propranoio on Epinephiinè Levels 


Increase 
Basal ' After 
Epinephrine Exercise . 
Placebo B3 + 13 213 +53 
HCTZ 71498 10447 | 
HCTZ and propranolol 78+ 15 475 + 151* 


* p «0.05; no. = 10. 
Values are mean + standard error of the mean ng/liter. 


TABLE XI Percentage of Patients with Ventricular 
Premature Complexes During Treadmill 


Exercise 
Before 


67% 
40% 


After 


33 76 
2096 


Total 


Propranolol 9 
. Guanadrel 10 


The metabolic effects of monotherapy with HCTZ 
were generally predictable. There was a mean decrease 
in potassium of 0.6 mEq/liter. On the other hand, the ` 
increment of potassium of 0.16 mEdq/liter after treadmill 
exercise during placebo was not affected significantly 
by HCTZ therapy. In a previous report by Lowenthal 
et al,’ the increment in potassium exceeded the values 
found in this study. There were no significant effects of 
HCTZ on cholesterol and uric acid levels. In one study;? 
HCTZ was noted to increase cholesterol during the 


short term (2 to 3 months) but had no effect on choles- 


terol over the long term. 
Monotherapy with HCTZ was effective in part during 
dynamic exercise in these sedentary patients. They were 


able to run for a longer duration on the treadmill and - 
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FIGURE 7; Lack of significant effect of propranolol on plasma norepi- 
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thereby decrease their functional aerobic impairment 
by 45%. The improvement was related to a lower max- 
imum pressure and unchanged maximal heart rate. The 
double product and, therefore, oxygen consumption was 
decreased. Left ventricular hypertrophy is an ominous 
predictive factor for an increased rate of morbidity and 
mortality in hypertensive patients. It has been assumed 
that left ventricular mass regression will have a favor- 
able effect on outcome. However, this assumption has 
not been proven. Left ventricular mass has been de- 
creased in hypertensive patients after various antihy- 
pertensive drugs.? We observed regression of hyper- 
trophy with hygienic therapy as well.1? Reduction of left 
ventricular mass was thought to be related to both re- 
duced afterload and neural tone.? HCTZ decreased left 
ventricular mass after 3 weeks. There was a further 
decrease in left ventricular mass with step II therapy. 
HCTZ decreased left ventricular mass in the patients 
in the guanadrel subgroup, but the decreases in mass did 
not reach significance until after guanadrel therapy was 
instituted.®. 

HCTZ therapy may have contributed to ventricular 
ectopy during treadmill exercise. However, the ECGs 
represented half of the total treadmill time with a low 
event rate. Thus, the appearance and disappearance of 
the VPCs may have been related to chance occurrence 
alone and not the therapy. The results of several stud- 
ies11-1? are conflicting with regard to the impact of hy- 
pokalemia on ectopy in hypertensive patients. Although 
our data do not resolve the issue, they tend to support 
the work of Hollifield,!! Holland!’ and their co-workers, 
who found increased ectopy in diuretic-treated hyper- 
tensive patients. In Holland's study,!? the ectopy was 


decreased after normalization of the serum potassium 


with spironolactone. 

The dosage of guanadrel required to control blood 
pressure in the HCTZ-treated patients was 60 to 70 
mg/day. This was 2- to 3-fold greater than the dosages 
required in other studies.!4 Similarly, the dosages of 
propranolol required were in the range of 240 to 280 
mg/day, again 2- to 3-fold greater than required in other 
trials.!5 These higher dosages may have been related to 


the quantity of HCTZ given; 50 vs 100 mg/day in the. 


earlier studies.'+> Alternatively, our patients appeared 
to have more severe hypertension than those in previous 
studies as supported by the retinal, ECG and echocar- 
diographic evidence of cardiovascular sequelae. 
Guanadrel was a more effective step II drug in the 
standing position and propranolol was more effective 
in the supine position. However, the step II drugs were 
equally effective düring treadmill exercise. Although 
the doses of the drugs were adjusted for supine blood 
pressure, blood pressure control during dynamic exer- 
cise was excellent. Previously, we observed that blood 
pressure reduction in these patients treated with HCTZ 
and guanadrel was associated with lowered peripheral 
vascular resistance.? On the other hand, HCTZ and 
propranolol first reduced cardiac output and increased 
vascular resistance. However, at 12 weeks, cardiac 
output returned to baseline and vascular resistance was 
reduced.? Both step II drugs were tolerated well by the 


patients during T exercise and postexercise periods. 
Thére were no episodes of postexercise hypotension. . 

The divergent effects of the blocking agents on neural 
function can be seen by the changes of plasma norepi- 
nephrine. There were significant decreases in norepi- 
nephrine after guanadrel in both resting and exercise 
conditions. This was in keeping with the proposed ac- 
tion of the drug in releasing norepinephrine onto the 
intraneuronal enzyme, monoamine oxidase. ‘The effects 
of propranolol on plasma norepinephrine have been 
inconsistent. Previously, we found that low-dose pro- 
pranolol (up to 80 mg/day) decreased plasma norepi- 
nephrine, whereas dosages in the range of 360 mg/day 
increased plasma norepinephrine levels.'6 There were 
minimal and insignificant increases in plasma norepi- 
nephrine after propranolol in patients in this study. The 
increase in plasma norepinephrine may have been re- 
lated to.a sequence of mild reduction of cardiac output, 
reflex increase in sympathetic neural tone and redüction . 
of hepatic and renal blood flow. Thus, œ receptor- 
mediated vasoconstriction may explain the increased 


- peripheral resistance found during the first 6 weeks of 


step H therapy with propranolol.ë 

The addition of step II therapy for those Paton | 
improved metabolic and functional impairment. The 
metabolic effects of adding guanadrel to the HCTZ 
therapy were insignificant. However, adding propran- 
olol reverted serum potassium levels toward normal 
although uric acid levels were increased slightly. 

The addition of either propranolol or guanadrel to 
HCTZ therapy improved aerobic capacity via the fur- 
ther reduction of blood pressure and pulse rates. 

Ventricular ectopy, present i in’ 10 patients on step I 
therapy during treadmill exercise, was absent in 5 of 
them after step II therapy was added. Both B-receptor 
blockade with propranolol (3 patients) and reduced 
transmitter release with guanadrel (2 patients) seemed 
effective in that regard. Resolution of ectopy in the 
guanadrel patients was not accompanied by changes in 
serum potassium. Thus, disappearance of ectopy in the 
latter should not. be strongly considered as due to im- 
proved potassium fluxes or gradients. Itis more likely 
that the drugs decreased the direct catecholamine 
stimulation of the myocardium. The increment of serum 
potassium after exercise was thought to be a result of 
potasstum release from the contracting skeletal muscle 
cells. However, part of the increase of serum potassium 
may have been related to a receptor-mediated release 
of potassium from the liver.!? 

Short- and long-term stress, both mental and physi- 
cal, may lead to adrenergic and noradrenergic discharge. 
Noradrenergic stimulation may lead to myocardial 
hypertrophy and decreased coronary reserve. Adren- 
ergic stimulation increases oxygen demand (while im- 
proving coronary flow) and imposes an arrhythmogenic 
milieu related to the direct actions of the inotropic 
substances. These are an enhanced automaticity and 
a reduced refractory period of myocardial cells in the 
setting of transient hypokalemia. The latter is an indi- 
rect effect of epinephrine on the skeletal muscle 82 re- : 
ceptors.!? The concomitant effects of the catechol- 
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amines on the platelets could help trigger coronary 
thrombosis and occlusion. Thus, raised neural tone in 
hypertensive patients may provide a means to “fight or 
flee” (or increase) the vulnerability for sudden death. 
However, step II therapy with sympatholytic drugs 
appears to provide an effective means of neutralizing 
that tone. 
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Discussion IV 


Moderator: 


DAVID P. LAULER, MD 


Participants: MORRIS J. BROWN, MD, JEROME COHEN, MD, 
VINCENT L. DeQUATTRO, MD, RICHARD GORLIN, MD, 
JOEL KUPERSMITH, MD, and STUART L. LINAS, MD 


Dr. Cohen (St. Louis, Missouri): Were your patients pre- 
viously on antihypertensive therapy? 


Dr. DeQuattro (Los Angeles, California): Yes, about half 
of them were on antihypertensive therapy. 


Dr. Cohen: Because you mentioned left ventricular mass, 
and we've had the same problem in our study when we've done 
this. Very often these patients may have maximally reduced 
their left ventricular mass from previous treatment. Then we 
put ther in a trial, and you see a small change. It i is hard to 
really know what you have accomplished. 


Dr. DeQuattro: The average blood pressure of those who 
were on therapy was 150/100 mm Hg. The reduction of: mass 
was about 8%. 


Dr. Cohen: What I’m saying is that I think in studies we 
can probably show a greater change in mass if we look at the 
newer patients, rather than people on prior treatment who may 
have already had some reduction in left ventricular mass. - 


Dr. DeQuattro: True, I agree with that. 


Dr. Gorlin (New York, New York): I would just like to T 
if you could clarify your correlations of blood pressure with 
left ventricular mass and norepinephrine to the systolic blood 
pressure, and is that a resting value? Is that a single deter- 
mination, on a single day and in what condition after 30 
minutes? Who takes the blood pressure? Do you have any 
variants in this, do you do this at other times to gee what 
variations exist.in that patient's systolic pressure? | l 


Dr. DeQuattro; The systolic blood pressure represents 3 
blood pressures taken at the end of 30 minutes. Three systolic 
blood pressures versus that plasma noradrenaline level at that 
time. Subjects were resting quietly, no cigarette smoking, no 
coffee and the room was not cold. A nurse took the blood 
pressure. These patients were coming in weekly for these blood 
pressure checks. After the end of this 3-week period, we took 
the systolic pressures and the plasma noradrenaline levels. We 
placed a scalp vein needle in their veins, and allowed the pa- 
tient to rest quietly after it had been put in place. So in our 
studies, where we have looked at plasma noradrenaline over 
a period of 2 to 3 weeks, there is a very good correlation from 
day to day. This has also been confirmed by de Champlain! 
and others—that is, there is a consistency of the plasma nor- 
adrenaline level, just as the blood pressure level is consistent 
for a given patient. 

Dr. Gorlin: In general terms, if you were to find the person 
to have a systolic blood pressure that does move around under 
your basal conditions, you would probably find some change 
that follows it in catecholamines. 
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Dr. DeQuattro: Probably. There was interest in a patient, 
described by Dr. Cohen at recent clinical meetings in Wash- 
ington, DC, who could willfully raise his blood pressure. They 
measured his plasma catecholamines, which also went up with 
each degree of blood pressure elevation. What was interesting 
is that they gave the patient a B blocker, and he couldn't raise 
his pulse rate, but he could still raise his blood pressure. 


^ Dr. Gorlin: That is interesting. Regarding the correlations 
with echocardiogram—did you use any variants at all in the 
blood pressure if a patient showed a wide range of systolic 
pressures at different times from the basal stage? 

Dr. DeQuattro: There had to be 4 nice, clean complexes 
for the echocardiogram to be taken. It had to be a good echo- 
cardiogram. ' 


Dr. Gorlin: I was biu more about the blood pressure. 
That to me is the thing that should be moving around the most 
in patients, depending on 80 many variables. 


Dr. DeQuattro: The echocardiograms were taken on the 
same day as the systolic blood pressure and the plasma nor- 
epinephrine. In fact, they were taken in the same room. The 
sequence was: lying down, placing the needle in the vein, 
taking the blood pressures and ther the plasma samples, then 
taking the echocardiogram and then the patient went onto the 
treadmill test. 


Dr. Brown (London, England): I would like to point out 
a couple of things. The first is the correlations that we've been 
talking about. Recently we did some studies on correlation 
between blood pressure and plasma norepinephrine during 
tyramine infusions in ‘normal volunteers. This was’ used as a 
way of increasing noradrenaline production. When we looked 
at the correlation between changes i in plasma noradrenaline 
and changes in blood pressure in the volunteers, as you would 
expect, there was an extremely good correlation. But, when 
we looked at the correlation between absolute levels of nor- 
adrenaline and absolute levels of blood pressure, there was 
no correlation. My assumption was that the reason why we saw 
no correlation between absolute levels is that—as in the 
real-life situation when you’re looking at a hypertensive 
group—you don’t know what level of blood pressure or what 


level of noradrenaline they started from before they started 


having increased blood pressure and increased noradrenaline. 
Recently, we looked at a much larger group of hypertensive 
and normotensive patients—the hypertensive group were the 


- untreated patients in the Medical Research Council blood 


pressure trial, and the normotensive subjects were matched 
controls recruited from general practices. We have looked at 
2,500 samples, half hypertensive and half normal. There were 
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24 urine samples. There is a correlation, but a weak correla- 
tion, less than 0.2 between noradrenaline excretion and blood 
pressure. 


Dr. DeQuattro: I think that you have taken very large 
numbers of subjects and found the correlation with what we 
think is a less precise measure, that is, urinary catecholamines. 
We think that there are too many vagaries when the patient 
leaves us. You do not know whether he is playing squash, or 
whether he goes home and sleeps all day long, etc. It is difficult 
with urine. In our initial report in Lancet many years ago, 
there was a correlation of plasma norepinephrine and blood 
pressure with a correlation coefficient of 0.3 to 0.4. It was 
barely significant. I think that depending on the population 
and the degree to which sympathetic tone has a role in that 
blood pressure elevation, the correlation may be significant 

‘or not. We have found a slight increase of adrenaline levels in 
hypertensive patients. But it has not been significant. If the 
patient is fearful or has increased sympathetic nerve tone, 
then that tone may contribute to the blood pressure elevation. 
'This may occur even in a normotensive subject. I believe that 
the vagaries of blood pressure are related to the vagaries of 
sympathetic tone. In some populations it depends on the 
modus operandi of the investigator. If he challenges the pa- 
tient, sympathetic tone might be aroused. If he is a calm pa- 
tient, you might not see it. I think this has something to do 
with finding a 0.8 correlation, which we've never done before, 
or the 0.3 to 0.4 correlation that we usually find. 


Dr. Brown: Right, I agree with you entirely about urine. 
The second question is adrenaline measurements and exercise. 
I am interested to hear what you and Dr. Vincent may think. 
My assumption of why one sees this exaggerated increase in 
adrenaline during exercise, and often in noradrenaline as well, 
i8 its effect on the clearance of catecholamines from plasma. 
The subjects do feel much more stressed exercising on f 
blockade, and their adrenaline increase is a response to this. 
The marked elevation of plasma potassium raises one other 
intriguing possibility, which is that the increase of adrenaline 
is a response to the hyperkalemia. I know of very little data 
concerning whether adrenaline could be a physiologic control 
factor for hyperkalemia. The only information that I know of 
is from patients with hyperkalemic periodic paralysis, if you 
elevate their plasma potassium to levels of 7.0 or 8.0 mEq/liter 
on exercise or after potassium chloride administration, then 
there is an increase in plasma adrenaline. 


Dr. DeQuattro: You have introduced a whole set of new 
ideas for me to think about. Yesterday I was trying to under- 
stand the effect of adrenaline, in particular, the immediate 
effect on raising potassium. We have here an experiment with 
acute adrenaline administration in a sense, because the 
subjects really don’t get going until the last few minutes of 
their Bruce protocol, when they are really pouring it on. Are 
we seeing that the adrenaline induces a change in potassium? 
It is not the way we expected the potassium to go—that is, into 
the muscle cell, but there are hyperkalemic effects of adren- 
alineion the liver. Alpha-receptor stimulation causes the po- 
tassium to move into the circulation from the liver. 

Now, we have talked about adrenaline modulating nor- 
adrenaline release. Could it be that with exercise nor- 
adrenaline is modulating adrenaline levels? When the 
patient is exercising against gravity, we know that noradren- 
aline|released in the nerve ending may behave as a neuro- 
transmitter. At a certain point in a maximal exercise nor- 
adrenaline may circulate as a neurohormone. Could that 
noradrenaline reduce splanchnic flow to the liver? One major 
metabolic pathway for degradation of adrenaline is by me- 
tabolism in the liver. Thus can the high noradrenaline levels 
reduce splanchnic flow, thereby raising adrenaline levels? 
Might this be an important factor in exercise? 


Dr. Brown: With B blockade I think you raise an inter- 
esting possibility. It doesn't even have to be as complicated. 
The adrenaline level is increased, for whatever reason, but 
perhaps due to a reduction in clearance. Because you have 
blocked the B effect by pushing potassium into muscle, you've 
unmasked the a-receptor effect we spoke about yesterday, 
thereby uncovering the increased potassium release from the 
liver. That could be another reason why the potassium levels 
increase so much in patients on f blockade. 


Dr. DeQuattro: Yes, I think that is a good explanation for 


the differences in the way they do respond. Maximal treadmill 


exercise is different from isometric exercise. We may have an 
isometric exercise problem in this country, because there are 
many people doing isometric exercise as part of their other 
routines. And I think we have to look at the drugs that can give 
us blood pressure protection during this period. The interre- 
lations between adrenergic tone and modulation or nor- 
adrenaline release, I think, are very important, as you have 
pointed out. We have found in studies where we have done 
psychologic evaluations of the patients that those with the 
biggest blood pressure response to isometric exercise are the 
patients with anger, anxiety and depression. It could be that 
fear, or whatever the psychologic problem is, produces 
adrenaline excess and modulates that kind of response. It is 
not just how much effort, but what the psychology is. I think 
that with isometric effort, adrenaline modulates noradrenaline 
release. But with isotonic work, it could be the other way 
around, that noradrenaline does influence adrenaline 
metabolism. 


Dr. Lauler (New London, Connecticut): T'his is a very in- 
teresting presentation, and you've touched on something that 
was brought up yesterday, that is, hyperkalemia associated 
with exercise or f blockade. At the International Potassium 
Conference at Johns Hopkins 2 weeks ago this subject came 
up. Ultramarathoners, those runners who do 40 miles without 
medications, at the point of going across the finish lines, were 
reported to have potassium levels between 9.0 and 10.0 
mEq/liter. I am assuming that this is a quantitative phe- 
nomenon depending on intensity and duration of exercise 
undertaken. It brings up an interesting point of doing muscle 
isoenzymes along with potassium levels in terms of separating 
out the clinical reality. If you look at the increase in plasma 
epinephrine levels on propranolol, which is the cart and which 
is the horse? Is the increase in epinephrine a mechanism to 
offset or dissipate the increase in plasma potassium levels due 
to exercise? To return to the point that Dr. Brown was es- 
tablishing, if you expect that epinephrine has as one of its 
functions to move potassium inside the cells, then you would 
like to note that in patients on B blockers, epinephrine levels 
will increase with exercise. 


Dr. DeQuattro: We didn’t see potassium values above 5.5 
mEg/liter with exercise. The thiazide-treated patients in step 
1 had a greater change in potassium level between supine and 
exercise than they did in the placebo period. So that when you 
added the low level of potassium preexercise to the change in 
potassium at the end of exercise, the serum potassium of the 
thiazide-treated patient was nearly identical to the untreated 
patient's potassium at the end of exercise. Is this a self- 
protective way to prevent hypokalemia in the patient 
who is taking a diuretic? Is the muscle dumping more 
potassium because of the effect of hypokalemia on the 
muscle cell? 

Dr. Lauler: Well, if you don’t understand it, please be as- 
sured that I don’t either. To rephrase the question, are there 
any data with treadmill exercise with simultaneous mea- 
surements of plasma catechols and potassium on a minute- 
to-minute basis in terms of which is the cart and which is the 
horse? What is the time snapshot in terms of increments in 
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epinephrine compared with increments in potassium, or is this 
still unknown? 

Dr. DeQuattro: I don’t know. 

Dr. Kupersmith (New York, New York): I want to make 
a point about the increase in potassium levels during exercise. 
Part of the elevation in potassium is due to the sodium-po- 
tassium pump lag, a well-known phenomenon first described 
by Langer. We have studied this phenomenon in isolated heart 
tissue using extracellular potassium-sensitive electrodes. 


When one paces isolated heart tissue for several minutes, there 


is an elevation of extracellular potassium, which then slowly 
comes back to baseline over 3 to 5 minutes. If one then 
abruptly stops pacing, there is an undershoot of potassium 
below baseline that does not come back for 8 to 10 minutes. 
Part of the exercise-induced increase in potassium levels is 
due to this sodium-potassium pump lag (although in the ul- 
tramarathoner, obviously other factors are also at work). 
Catecholamines increase sodium-potassium pump activity 
so as to bring potassium back to baseline more quickly. 
The other point of interest is that increase in potassium has 
‘an effect on both the central nervous system and the pe- 
ripheral nerves (e.g., inhibition of vagal and sympathetic nerve 
endings). ; 
Dr. De Quattro: The situation with potassium is similar 


to that with sodium. If you lower sodium, as you might with. 


a diuretic, you make the vesicle more avid for norepinephrine. 
In the hypertensive model, if dietary sodium is reduced, the 
norepinephrine does not leak from the vesicles in the animals 
and they do not become hypertensive. In a similar manner, 


when you give potassium, you increase the vesicle avidity for 
norepinephrine. On the other hand, with hypokalemia, nor- 
epinephrine will leak out of the vesicle. This may explain some 
of the increase in noradrenaline in the diuretic-treated 
patients. 


Dr. Linas (Denver, Colorado): We’ve done some potassiurh 
chloride infusions in normal and hypokalemic persons. Our 
working hypothesis had nothing to do with the adrenergic 
nervous system. We were looking at catechols. The baseline 
epinephrine levels in the hypokalemic patients, serum po- 
tassium in the 2.5 to 3.0 mEq/liter range, were marginally 
decreased. After a potassium chloride infusion, enough to raise 
the serum potassium in normal patients to roughly 5.6 mEq/ 
liter and in the low potassium patients to roughly 4.0 mEq/ 
liter, a change that was the same in both patients, we saw a 
slight change in epinephrine and norepinephrine. Ágain, 
statistically significant, but not biologically significant. In 
addition, we have looked at catechol levels in a patient with 
“idiopathic hyperkalemia,” or type II pseudohypoaldosteron- 
ism. In this patient, serum potassium ranged between 7.0 to 
9.0 mEq/liter in the absence of adrenal disease, renal disease, 
etc. Basal catechol levels were normal. We did not look at 
catechol levels after potassium loading. We did measure cat- 
echols after lowering serum potassium with either Kayexalate? 
or diuretics. We were not able to see much of a change. 


Reference 
1. de Champlain J, Cousineau D, Lapointe L. Evidences supporting an In- 


creased sympathetic tone and reactlvity in a subgroup of patients with es- 
sential hypertension, Clin Exp Hypertens 1980;2:359—-377. 


Summary I: Implications for Therapy in Angina 


Moderator: DAVID P. LAULER, MD 
Group Leader: RICHARD GORLIN, MD 


Participants: MORRIS J. BROWN, MD, C. RICHARD CONTI, MD, 
and WILLIAM H. FRISHMAN, MD 


Dr. Lauler (New London, Connecticut): We have asked 
Dr. Gorlin to address the clinical implications concerning 
active myocardial ischemia or anginal syndromes. 


Dr. Gorlin (New York, New York): The B blockers tradi- 
tionally are considered to work through £f selective blockade. 
'T his involves negative inotropic and negative chronotropic 
effects and the amelioration of the blood pressure responses. 
The effects on cardiac volume are of little clinical consequence. 
If you inhibit the 82 vascular receptor within the heart, there 
is one positive aspect. The mild vasoconstrictor actions that 
take place theoretically aid in preferentially perfusing those 
segments of myocardium that are ischemic by virtue of local 
vasodilation. The negative aspect has been raised, particularly 
in the vasomotor or vasospastic anginal syndromes. The 
question is whether nonselective f blockers may actually in 
some instances potentiate vasospasm. This would be due to 
presumed blockade of a vasodilator receptor, at least one re- 
sponsive to circulating catecholamines, namely the 82 adre- 
noreceptor. For this reason, the traditional wisdom today 
states that if you’re dealing primarily with a vessel-related 
spastic form of angina, the nonselective £ blocker may prolong 
some attacks. 

After listening to our discussions, I wonder if what we are 
seeing relates in some way to « receptors. Betag-receptor 
blockade affects the sympathetic synapses and may reduce 
the release of norepinephrine from the nerve terminal and 
thus decrease the amount in the circulation. Selective 8 
blockade does not affect the synapse and may increase cir- 
culating catecholamine levels in the face of constant -blocker 
tissue levels. Theoretically, anything that allows an aug- 
mentation or an increase in the gain by releasing further cat- 
echolamines might influence the degree of 8 blockade 
achieved with any selective blocker. I think that is something 
that needs to be proved. It is a very important aspect. Are 
there: biologic consequences with a selective blocker having 
a higher level of norepinephrine? Could these biologic con- 
sequences be overcome by increasing the dosage of a selec- 
tive blocker? Or will this be a stepwise thing that you'll never 
quitejovercome and always have a less favorable ratio of cat- 
echolamines in the tissue compared with the level of 8 
blockade? 

I think Peter Cohn raised a point that is very interesting. 
During an anginal episode, the pain itself becomes a stimulus 
to the sympathetic nervous system. We have all witnessed the 
fact that while certain episodes of myocardial ischemia seem 
to be|provoked by augmented hemodynamic and inotropic 
activities of the heart, we also know there are some patients 
who develop an episode of clinical pain and in response to the 
pain, they get a rise in blood pressure and pulse, presumably 
related secondarily to the release of catecholamines. To the 


éxtent that you have a patient with asymptomatic ischemia, 
he or she probably does not, by definition, have this secondary 
response. It may also be one of the reasons why the intensity 
of these bouts of ischemia superficially seems to be less than 
that in the symptomatic patient. I feel I have learned a lot in 
thinking about the positive feedback aspect of the pain syn- 
drome as aggravating myocardial ischemia. I think it indicates 
that if we can dampen down the entire catecholamine 
response, we may be doing a lot more for the patient than 
otherwise. 

The other issue relates to the alterations that take place in 
potassium. There are several questions that need to be asked. 
The first is, if one has a decrease in extracellular potassium 
and an increase in cellular potassium, can that profile be ap- 
plied to tissue that has become acutely ischemic? Do we know 
that a catecholamine effect that applies to normal tissue 
applies to abnormal tissue as well? On the other hand, is it 
irrelevant in that once the tissue is ischemic, there will be 
potassium escape into the extracellular space? Of course, it 
has been proposed that one of the factors that alter conduc- 
tance and possibly sets up fragmentation of the conduction 
of the impulse, is the alteration in the extracellular fluid po- 
tassium. My plea is that these exciting findings that apply to 
otherwise normal tissues be looked at in ischemic tissue. This 
would be to see if the same rules apply to ischemic membranes 
also. Joel Kupersmith, some years ago, showed that the 
transfer of antiarrhythmic agents was completely different 
in an ischemic tissue as opposed to a nonischemic tissue. I 
would imagine the same would apply with these biologic 
substances. 

The next point relating to potassium is how these alter- 
ations may or may not relate to the generation of the pain 
signal. It is generally accepted that potassium concentration 
increasing in the extracellular fluid around an ischemic or 
infarction zone makes it more likely for the various neuro- 
peptides (like substance P) to attach to the unmyelinated 
nerve endings. Whether the changes that have been described 
here play any role, once the tissue is ischemic, once the tissue 
has an increase in the amount of extracellular potassium, I’m 
not really sure. Are the local events in potassium metabolism 
affected in any way by some of these interesting changes that 
take place in systemic potassium changes? Does the decrease 
in potassium induced by catecholamines or the decrease in 
potassium that immediately follows the exercise increase in 
potassium levels potentiate arrhythmias around ischemic 
zones the same way it may potentiate arrhythmias around 
infarction zones? Do you get the same types of dispersed 
conduction from the changes in potassium, even in normal 
tissue, that may predispose to arrhythmias? 'T'his is a very 
important complication that is going to be part of what you 
see in standard angina and very much part of the arrhythmias 
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presumably due to reperfusion in variant angina after com- 
plete coronary occlusion. Again, if f blockers of the nonspecific 
type interfere in some of these potassium responses, it may 
be that they would favorably influence arrhythmogenesis in 
the setting of ischemia... but we don’t know that. I think we 
should be very cautious in our interpretation and very en- 
thusiastic in trying to get answers about this. 

Another future focus is the area of platelet activation that 
may take place with release of norepinephrine. There are a 
receptors on platelets. Theoretically, this may be very im- 
portant if you inhibit the activation of platelets. There are 
reports showing, at least in the experimental setting, that if 
you have coronary stenoses, these stenoses can become a nidus 
for platelets to attach to and form intermittent plugging. 

There have been numerous other reports all implicating 


platelets in the various transient ischemic myocardial syn- | 


dromes. The translation to the clinical setting has yet to occur 
»xcept for aspirin studies in unstable angina. If we control the 
release of norepinephrine from the synapse, perhaps this will 
lecrease the likelihood that there will be platelet activation. 
Finally, the elevations in free fatty acid seem to be related in 
similar fashion to Bz activity. There have been reports 
suggesting that increases in free fatty acid could be correlated 
with arrhythmias, but that work has since fallen into disre- 
pute. Any increase in free fatty acid means that the tissues 
taking this up require more oxygen, and there is some evidence 
that increased free fatty acid will reduce the inotropy of the 
tissue. To block increase in free fatty acid may be useful in the 
ischemic heart, even putting the arrhythmia issue aside. 


Dr. Brown (London, England): Data from Deanfield et al! 
show that many of the episodes of silent ST depression in their 
patients were not preceded by any change in heart rate. ‘There 
have been instances, as evidence, in which increased oxygen 
demand was not what was fueling many of these episodes of 
ST depression. Yet these episodes were prevented or reduced 
in patients receiving 8 blockade. The question is, what is the 
8 blockade doing if there is not any evidence of prior enhanced 
sympathetic activation? In relation to the question of non- 
selective compared with selective 8 blockade, is there any 
truth to the concept of presynaptic B-receptor amplification, 
which would be blocked by a nonselective 8 blockade? I think 
we're going to hear a lot more about other peptides present 
in sympathetic neurons. In England, there is specific interest 
in neuropeptide Y, which seems to be a potent coronary 
vasoconstrictor. There is concern about drawing too many 


conclusions regarding the role of sympathetic activation in. 


causing coronary vasospasm. The concern is that a blockers 
seem to be useless in treatment of angina. If nonselective 6 
blockade is contraindicated because you theoretically mask 
a-receptor effects, then why didn’t a blockers help? Ob- 
viously, if there are other vasoconstrictor peptides present 
within the sympathetic neurons, such as neuropeptide Y, then 
we would get back to the importance of trying to counteract 
any amplification system. This would increase the release of 
more noradrenalin or these peptides from sympathetic neu- 
rons. This is speculative at the moment. I think Maseri's? 
observations in his ST-depression study are going to raise a 
lot of new questions. 


Dr. Gorlin: What releases neuropeptide Y? 


Dr. Brown: Neuropeptide Y is stored in the same neurons 
ind probably in the same vesicles as noradrenaline. Whether 
t turns out to be a physiologically important peptide (as with 
ul of these peptides) will probably depend upon development 
Xf specific antagonists. Infusion of neuropeptide Y causes 
'asoconstriction, particularly in the coronary bed. There is 
i large amount of neuropeptide Y in the heart. 


Dr. Frishman (Bronx, New York): Beta blockers certainly 
iave been the mainstay of therapy for angina since they were 


introduced in this country in the late 1960s. I’ve always felt 
that the antiarrhythmic effects of 8 blockers, which are not 
very powerful in patients with primary ventricular arrhyth- 
mias, may be related to their antiischemic effects. During 
ischemia there is leakage of potassium out of the cell followed 
by changes in electrical gradients across cardiac cell mem; 
branes. That may be a perfect setup for an arrhythmic focus 
to develop. The ability of $ blockers to prevent ischemia may 
preserve membrane integrity and contribute to the greater 
antiarrhythmic effect of 8 blockers in patients with ischemic 
heart disease. Perhaps their antiarrhythmic action is not seen 
when these drugs are used as primary antiarrhythmic agents 
in patients without ischemic heart disease. 

The issue of platelets is an interesting one..As Dr. Gorlin 
mentioned, there are a receptors on human platelets. We 
initially thought there were 9 receptors on platelets, but there 
probably are not. There are B receptors on lymphocytes and 
monocytes but not on platelets. The effect of 8-adrenergic 
blockers on platelets is probably a nonspecific membrane ef- 
fect. It is interesting that not only does propranolol manifest 
this effect, which we felt might be related to the membrane 
effect, but drugs like timolol, which allegedly doesn't have 
membrane effects, manifest it also. Perhaps other nonspecific 
membrane effects that 8 blockers manifest might be con- 
tributing to this. How important this is in preventing or con- 
taining ischemic injury I really can't comment on because from 
in vitro studies the antiplatelet effects of 8 blockers are really 
much weaker than aspirin. It is really a very modest effect that 
one 8ees and one would question how much this is really 
contributing. It certainly may be an adjunct to what other 
effects B blockers may be having in ischemia, but it is probably 
not the primary reason that B blockers exert their cardi- 
oprotective effects. 

The last issue I want to address concerns the patient with 
angina and possible spasm. We have been using B blockers for 
80 long in many patients with angina, despite the fears that 
these drugs might cause coronary arteries to go into spasm, 
and certainly in angina at rest that might be such a situation. 
But patients with effort angina, for the most part, do well on 
B-adrenergic blockers with a reduction in ischemic events, We 
don’t really know what type the B receptor is in the coronary 
arteries or how important adrenergic receptors are in regu- 
lating coronary flow. 

Because we now know that postmyocardial infarction pa- 
tients are living longer on B blockers, perhaps Dr. Conti may 
want to comment further on this. 


Dr. Conti (Gainesville, Florida): Patients are not taking 
just B blockers; they are frequently on 8 blockers combined 
with nitrates. This confuses the picture tremendously. I still 
think one should keep an open mind about f blockers in pa- 
tients who have evidence of spasm. Duration of angina is 
prolonged in patients with proven coronary artery spasm. Indi- 
vidual patient responses are varied. Some have no change; some 
have dramatic change. I would like to see more studies done. 

I want to comment about platelets and their role in myo- 
cardial ischemia. There was a beautifully done study pub- 
lished in Lancet in 1981. It was a randomized trial of patients 
with unstable angina in which placebo, heparin, atenolol and 
heparin with atenolol were compared. Heparin in this group 
of patients was significantly protective, whereas placebo and 
atenolol were not, and the combination of heparin and atenolol 
was no different than the heparin alone. 
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. Summary Il: Implications for Therapy in Arrhythmias 


Moderator: 


DAVID P. LAULER, MD 


Group Leader: JOEL MORGANROTH, MD 


Participants: MORRIS J. BROWN, MD, C. RICHARD CONTI, MD, 
O. BRYAN HOLLAND, MD, JOEL K. KUPERSMITH, MD, ` 
JAN ERIK NORDREHAUG, MD, WILLIAM C. ROBERTS, MD, 
and DAVID G. SHAND, MD 


Dr. Lauler (New London, Connecticut): We come now to 
the bottom line and a time for reflection. The format will be 
that I will lead the discussion with the help of the participants; 
we will finish the session by asking the group leader to make 
a summary of the conference as it relates to his special area 
of expertise. To return to the beginning of our conference, I 
have asked Dr. Brown if he would lead off the discussion after 
the group leader and present a perspective from the other side 
of the Atlantic and offer us some additional insight. T'o go back 
to the beginning presentation of Dr. Brown and to use “stress 
hypokalemia" as shorthand for the phenomenon that he in- 
troduced, the first thing that strikes one on grasping the 
concept is the universality of the stress hypokalemia. For 
those involved in clinical medicine, this will change greatly 
our perceptions in terms of critical care medicine. The oc- 
currence of stress hypokalemia is exceedingly prevalent. We 
have that to deal with it, not only in cardiovascular but in 
other clinical areas. The phenomenon as demonstrated, and 
I believe it was Dr. Conti who pushed the point, is dramatic 
in terms of rapidity of onset. We are seeing changes in terms 
of potassium within 5 minutes, so it is a very real, acute 
transient phenomenon. The other point that was established 
was the time lag in terms of the repair of the hypokalemia, 
which was mainly rapid onset, and the corrrection, which was 
somewhat leisurely and a bit surprising. As I recall, it was 
somehwere in the neighborhood of 60 to 90 minutes. We also 
noted the dissociation between epinephrine and potassium 
which was intriguing; the epinephrine levels peaked and re- 
turned toward normal, while potassium was still lagging be- 
hind. We have seeri from the data presented for £5 agon- 

ists—including such areas as asthma—that these can cause 
a real hypokalemia. The f» antagonists do have a virtue in 
terms of modifying the stress hypokalemia. The 8, antagonist 
had some effect, although it appears mild compared with the 
B» data that were presented. We also were informed that this 
property is not shared by the calcium channel blockers. We 
wonder why this phenomenon of stress hypokalemia occurs, 
in terms of why the body has such a nifty system. It is usually 
the body in its wisdom that has the final answer. 

I would focus on the fact that we are talking about a tran- 
sient phenomenon, and we.have to clarify that we are talking 
about distributive hypokalemia in contrast to potassium 
depletion. I am sure that we'll see a flood of articles now on the 
classification and treatment of hypokalemias. 

Now let us turn to the clinical implications. Both the posi- 
tives and negatives. Is this going to change therapy in any 
way? Is it going to change the rationale for therapy? If it does, 
on|the negative side, what are the considerations? Dr. Mor- 
ganroth will begin this discussion and make some opening 
comments i in terms of the clinical and therapeutic implications 
regarding ventricular arrhythmias. 


Dr. Morganroth (Philadelphia, Pennsylvania): I think it 
is quite clear to cardiologists that in the last few years we have 
been realizing more and more that sudden cardiac death is an 
important entity; it is the most common cause of death in the 
20 to 64-year-old age range, accounting for upwards of 500, 000 
deaths per year in our country. The mechanism of sudden 
cardiac death is now known clearly not to be acute myocardial 
infarction, as it used to be thought for decades. In studies in 
which Holter monitoring has been applied to patients who 
went on to sudden death during the monitoring session, those 
records showed that the mechanism of sudden death in over 
80% of the patients was a ventricular tachyarrhythmia, not 
actually ventricular fibrillation. Ventricular fibrillation does 
not occur as an instantaneous event, but these patients almost 
always have at least 5 or 6 beats of ventricular. tachycardia 
before ventricular fibrillation occurs. In most of them, many 
seconds to minutes of ventricular tachycardia precede ven- 
tricular fibrillation. So the schema of ventricular premature 
complexes, leading to ventricular tachycardia, which leads to 
ventricular fibrillation, has heightened everyone’s interest in 
the detection and management of ventricular premature 
contractions (VPCs) and the related ventricular tachy- 
cardia. : 

What we also know is that in studies to date, looking at 
classic antiarrhythmic agents from class I (V aughn Williams's 
classification), we do not yet have any evidence that the 
elimination of ventricular arrhythmias in high-risk persons 
will prevent sudden death. 'T'his is the great hope of everyone 
in the field; the negative data to date have been from studies 
that have not been designed properly to answer that particular 
question. Our approach now is to identify the high-risk pa- 
tient, which can simply be done by Holter monitoring. High 
risk is defined as the occurrence of ventricular arrhythmias, 
potentially as little as 10 VPCs an hour in patients with 
structural heart disease. Patients who have normal hearts can 
have many VPCs and not be at apparent high risk for sudden 
cardiac death. This, of course, will be relevant when we talk 
in a moment about the issue of hypokalemia in 2 settings: 
those patients with a normal heart versus those with abnormal 
cardiac structure and function. 'T'here is no doubt that the risk 
of sudden death may be as high as 40% in totally asymptom- 
atic patients with structural heart disease after a myocardial 
infarction in which a single ventricular triplet exists. 

— The question of whether sudden death can be prevented by 
elimination of ventricular arrhythmias continues without 
answer. I think studies to date, as Į said, have not answered 
that question. Currently, there are studies looking at this issue. 

The Beta Blocker Trials! give us hope, because they were 
prospective, well- designed and controlled trials. The sudden 
cardiac death endpoint in these studies was reduced by a 30 
to 40% prevalence. We know that f blockers are very effective 
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antiarrhythmic agents. If one looks at patients with potentially 
lethal arrhythmias who are relatively asymptomatic, the 
prevalence of the population that will resporid to a class I 
antiarrhythmic agent, such as quinidine, procainamide or 
disopyramide, is somewhere between 50 and 70%. If one uses 
a 8 blocker in that same group of patients in a properly de- 
signed Holter monitoring trial, every B blocker has at least a 
50% effect; propranolol, in fact, in the relatively high doses in 
the study by Woosley, had a response in up to 75% of patients. 
One could argue that f blockers are as effective antiarrhyth- 
mics as class 1A and 1B drugs. The “VPC killers” are the class 
1C drugs. These usually work in 90% of patients, and, there- 
fore, they are clearly more potent than any of the other drugs, 
B blockers included. This leads us to focus on the fact that 6 
blockers are effective antiarrhythmic agents. They raise the 
ventricular fibrillation threshold in animal models, and they 
are to date the only drug group that has shown a decrease in 
sudden cardiac death in clinical trials. What we have learned 
is that in special settings one should be cautious of which 8 
blocker is used. We have talked about the acute infarction 
setting—it is quite clear from the data we have seen from Drs. 
Brown, Nordrehaug and Vincent that in patients with acute 
infarction who have obviously a great deal of stress and high 
levels of epinephrine, hypokalemia ensues rather quickly and 
with changes in concentration over short periods of time. 
'Those patients have, as we saw from Dr. Nordrehaug's studies 
and others, associated ventricular arrhythmias that can lead 
to ventricular fibrillation and sudden death. Whether in the 
acute setting there is a type of arrhythmia that the nonselec- 
. tive B blockers will block may be important in the control of 
arrhythmias in special care settings. 

Let me conclude by mentioning one other setting we haven't 
talked a lot about at this conference, and that is patients who 
have had open-heart surgery. In that setting hypokalemia is 
a well-recognized problem and is amost always prophylacti- 
cally treated. One might argue that intravenous 8 blockers, 
particularly nonselective 8 blockers, might have some im- 
portant salutory effects by decreasing the profound hypoka- 
lemia that tends to be present in that group. We do know that 
propranolol has been shown in these patients to decrease atrial 
and ventricular arrhythmias, particularly atrial fibrillation 
that occurs in that population. It is interesting to note that 
irrespective of the preoperative degree of arrhythmias, in the 
postoperative setting one always sees more arrhythmias. 
Coronary surgery, for example, usually does not decrease 
ventricular ectopy. In fact, I always argue that it increases it; 
possibly on the basis of what we have learned about stress- 
induced hyperepinephrinemia and related hypokalemia. We 
do know that in those particular settings f blockers appear 
to be useful. 


Dr. Brown (London, England): Regarding the evolution 
of the concept of stress hypokalemia, I think one of the in- 
teresting things has been how this concept has merged from 
the work of a number of different people. Perhaps I can start 
where Dr. Morganroth left off in relation to the cardiac bypass 
patients, because I think they represent an area where indeed 
there are data. Petch in England has shown that 8 blockade 
does protect against hypokalemia in these patients and spe- 
cifically that nonselective B blockade is more effective than 
8, selective blockade. I think that is one instance where we 
know already that the hypokaleniia may be partly due to ad- 
renergic stimulation. I am very much looking forward to the 
forthcoming data from Norway that will show whether or not 
timolol.rapidly reverses hypokalemia after myocardial in- 
farction in the patients in this study. 

Although we are excited by the possibilities of epineph- 
rine-induced hypokalemia, it is terribly important at this stage 
not to overextrapolate about cause and effect. Data such as 


Dr. Nordrehaug’ s are going to be very important in deter- 
mining whether the hypokalemia i is just an epinephrine phe- 
nomenon or whether it is causing dysrhythmias. One of the 
facts that I am coming away with from this meeting—which 
I wasn't aware of and which gives me some hope that we are 
looking at something of importance-—is the data that Ds. 
Nordrehaug showed yesterday, that the hypokalemic patients 
did not have any worse myocardial function than the others. 
I had been worried that all we were looking at was greater 
epinephrine release in reponse to more severe myocardial 
infarctions. I would have been worried then that these patients 
would have worse myocardial function. The fact that hypo- 
kalemia is a problem for both mild and severe myocardial 
infarction, or so it seems, suggests that the epinephrine phe- 
nomenon may be causing some of the hypokalemia and, 
therefore, death. 

Where are we going to go from here? I think that one of the 
things that we are always aware of is that in some ways the 
level of proof of hypothesis is bound to be less than what basic 
scientists will look for. I suspect we may never know for certain 
that hypokalemia plus epinephrine excess causes sudden 
death in patients, because to prove that we will need some 
selective way of interrupting the cycle without doing anything 
else. Nonselective B blockade—propranolol—may turn out 
to be an effective way of preventing epinephrine-induced 
hypokalemia. But, because of all its other actions, it is never 
going to tell us for certain that it is how we are protecting 
against sudden death. It is interesting to speculate that some 
of the actions of 8 blockers in the secondary prevention trials 
involve this mechanism, but of course we don’t know. 

I hope that in the next 12 months or so we may be able to 
start using the fx selective antagonist, which we have used in 
our own stüdies, if it becomes available for clinical use. At least 
that will allow us to “zone in” on only part of 8 blockers’ ac- 
tions. It does seem that the 85 selective drug doesn't interfere 
with the inotropic actions of catecholamines. I think that when 
one uses 8 blockers such as propranolol, as an antiarrhythmic, 
one often has to use very high doses. There seems to be 2 dose 
levels at which the B blockers have their antiarrhythmic ef- 
fects—at a fairly low-dose level and at a higher dose level that 
has some other activity, and this makes one worry a bit about 
the idea that the main antiarrhythmic role of 8 blockers would 
be to interrupt an epinephrine/hypokalemia cycle. They do 
seem to have some other antiarrhythmic role, perhaps some- 
thing to do with calcium channels. I am not an expert in this 
area and I will leave it to others to expand. 


Dr. Conti (Gainesville, Florida): I would like a point of 
clarification. I may have misinterpreted this yesterday, but 
I had the notion that it was said that patients with myocardial 
infarction who were normokalemic had a certain prevalence 
of subsequent ventricular fibrillation and death. Compared 
with that, the patients who were admitted to coronary care 
units with a comparable myocardial infarction but who were 
hypokalemic had a higher incidence of ventricular tachycar- 
dia; ventricular fibrillation and subsequent death: The part 
that bothered me a little bit is that I thought someone said 
that the same patient population—if then treated——didn’t 
show any difference in outcome. The prognosis in terms of 
subsequent ventricular arrhythmias was the same, suggesting 
that the pattern is set on admission regardless of what you do 
subsequent to admission. Is that what was said yesterday? If 
it is I would like some clarification of it and what it means, 
because it has significant implications for therapy. 


Dr. Nordrehaug (Bergen, Norway): What I said yesterday 
was that for patients with ventricular fibrillation, the 3-month 
mortality rate was much lower for patients with early ven- 
tricular fibrillation, and that was due to a higher rate of suc- 
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cessful resuscitation actually. I divided our jage into 2 
groups with onset ventricular fibrillation before 2 hours. Once 
these patients are in the hospital, there is really no difference 
in prognosis for the hypokalemic and normokalemic patients 
as long as you keep an eye on them and can resuscitate them. 
There would'be a lot more patients with ventricular fibrilla- 
tion in the hypokalemic group. 


Dr. Conti: What if you treat them? What if you give them 
potassium chloride or a B blocker? 


Dr. Nordrehaug: You are probably going to save some and 
lose some. We don’t yet know. ' 


Dr. Morganroth: The way I look at this question is that 
in the early phases of coronary care unit treatment for acute 
myocardial infarction, the patients who can be more suc- 
cessfully resuscitated from their early occurring ventricular 
fibrillation will live longer than those in whom this is not the 
case. Perhaps when a patient is helped earlier, then one sees 
the prevention of the hypokalemia. What has been known for 
a long time is that early arrhythmias in a coronary care unit 
do not predict prognosis so that patients who may have pri- 
mary ventricular fibrillation in the first 72 hour& have no 
difference in their long-term outcome compared with those 
who did not have a primary arrhythmia. One can determine 
the relative prognosis in the first 6 months after discharge by 
looking at the patient at the time of discharge for his or her 
degree of electrical and mechanical instability. This would be 
consistent with the data we have heard. 

Dr. Conti: I still don’t think my question has been an- 

swered. I am concerned about the patient who comes in with 

hypokalemia—-let's say with a value 3.2 mEq/liter—and with 
a inyocardial infarction. Are you telling me that this patient 
has a poorer prognosis in terms of subsequent ventricular fi- 
brillation? I don't caré whether it is early or late. I got the 
message that it doesn't make any difference what you do to 
that patient. If you bring his potassium back to normal, he still 
has a higher chance of either having veritricular fibrillation 
or sudden death or both. Is that not correct? 


Dr. Shand (N ew York, New York): I think thé missing link 
is consideration of what would happen to these patients if we 
could prevent that initial ventricular fibrillation event from 
ever happening. Is that going to influence subsequent out- 
come? 


Dr. Conti: I understand that it didn't make any difference 
if you returned the patient's potassium toward normal; that 
patient's prognosis was determined by what he presented with 
when:he came in the hospital, not with what you did with him 
later on. That is the message that I got. 


Dr. Shand: The patient still has ventricular fibrillation and 
the key i issue is if you could prevent that initial event from 
happening, would that alter the long-term outcome? I don't 
think:we know the answer to that, because at the moment for 
that given patient we haven't prevented the onset of ventric- 
ular fibrillation. 


Dr, Lauler: I think we have 2 points here. What Dr. Conti 
4 88 was based on interpretation of the data. He is correct. 
e looking now at the other area in terms of long-term 
prophylaxis, which I think is what Dr. Shand is bringing into 
focus! 


Dr. Conti: It seems to me that the prophylaxis i is before the 
patient has the infarct, not after. That i is, I guess, what my 
comment is related to. Is it better to give a nonselective 8 
blocker to someone who is going to have a myocardial infarc- 
tion? Well, who is going to have a myocardial infarction? How 
do I know? It séems to me that that would be the way you 
would extrapolate what has been said here. It would be better 


to have your infarct while receiving a nonselective B blocker 
than while receiving a selective one. 

Dr. Roberts (Bethesda, Maryland): Or the paramedic, who 
is the initial one to see the patient, gives potassium before the 
patient arrives at the hospital and then the levels would pos- 
sibly be normal when the patient arrives at the hospital. 

Dr. Lauler: Let me go back to Dr. Nordrehaug. I am not 
clear about those ventricular fibrillation patients according 
to the traditional category of primary and secondary—what 


was the breakdown? 


Dr. Nordrehaug: In the group where there was the biggest 
difference between hypokalemia versus normokalemia, most 
patients had primary ventricular fibrillation— probably in 
both groups because they had the lowest mortality. It was in 
this group that the occurrence of ventricular fibrillation was 
much greater in the hypokalemi¢ group. 


Dr. Lauler: What percentage had primary versus secon- 
dary-type ventricular fibrillation? 


Dr. Nordrehaug: I don’t know. We did not — out 
blood. pressure and the degree of heart failure in these pa- 
tients; you need both their aystolic blood pressuré and the 
degree of heart failure to classify them as having primary 
ventricular fibrillation. The data we are reporting are from 
the mortality figures. 


Dr. Conti: Can you clarify secondary ventricular fibrillation 
for me? Do you mean secondary to heart failure? 


Dr. Nordrehaug: Secondary to hypotension and heart 
failure. 


Dr. Brown: This question of reversal of hypokalemia is 
obviously central to what we are talking about; I think one of 
the interesting things about trying to reverse adrénaline- 
induced hypokalemia with potassium is that it doesn’t work, 
because the adrenaline just pushes it into the cells. If we are 
right about our concept of adrenaline-induced hypokalemia, 
then the way to reverse it is not by giving potassium. You don’t 
want to be giving potassium chloride to your patients at home. 
It is a £ blocker that you want to give them. Beta blockers do 
work in preventing sudden death, and Dr. Nordrehaug is going 
to tell us that timolol does reverse hypokalemia in these pa- 
tients. What were the data that reversing hypokalemia did not 
have any effect? 


Dr. Conti: That is what 1 interpreted from what was pre- 
sented. I am not sure I am interpreting the data correctly, but 
that is the message that I got. 


Dr. Nordrehaug: We did not reverse the wcebeiuta at 
all, because the ventricular fibrillations were so early that we 
had no chance to intervene with reversal methods. In the study 
you are talking about, it was very difficult for us to judge the 

potassium shift during the first 2 hours, because there was a 
large baseline difference in the occurrence of hypokalemia in 
the placebo group and in the timolol group; unfortunately, we 
had many more hypokalemic patients in the timolol group at 
baseline. There was still a nearly significant difference 2 hours 
after administration. 


Dr. Lauler: I would like to ask Dr. Morganroth to clarify 
a statement that we often see in reports of hypokalemic ar- 
rhythmia, namely that hypokalemia mitigates against the 
antiarrhythmic effect of most antiarrhythmics. I am trying 
b. remember where that originally started. 


Dr. Morganroth: I don't think I know of any data in that 
regard in man other than, for example, in the digitalis-treated 
patient in which it is very difficult to correct digitalis-induced 
ventricular ectopy without normalizing the potassium. That 


is almost always the single best treatment. The problem is we 
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almost never look at antiarrhythmic drugs either in the elec- 
trophysiology lab or by Holter monitoring until we have al- 
'eady corrected hypokalemia. One would have to not correct 
t and actually then go on to compare a control group with that 
rroup. Í don't think that is easy. Often, the correction of hy- 
)okalemia is sufficient to eliminate ventricular arrhyth- 
nias. 


Dr. Kupersmith (New York, New York): Another point 
8 the interaction of hypokalemia with antiarrhythmic drugs. 
[n vitro, hypokalemia antagonizes some effects of antiar- 
rhythmic drugs and potentiates others. It antagonizes the 
affects of local anesthetic antiarrhythmic agents on the up- 
stroke of the action potential and conduction. On the other 
hand, hypokalemia potentiates any action potential pro- 
longing effects of such agents. For this reason, it also is likely 
to increase the probability of Torsade-de-point arrhythmias 
and ventricular fibrillation. Dr. Morganroth mentioned yes- 
terday that the drug Sotazide® caused sudden deaths. Sotazide 
contains sotalol, which prolongs action potential duration in 
combination with a thiazide, which of course can cause hy- 
pokalernia. Thé mechanism of the sudden deaths was almost 
surely the potentiation of the one by the other. 

As a final point, tlie mechanism of hypokalemia may be- 
some important in certain instances. I do not think it is at all 
slear whether the hypokalemia that occurs with diuretics is 
the same as that which occurs with epinephrine. The former 
is due to depletion and the latter to effects on the sodium 
potassium pump. These 2 situations may be different. What 
are the electrographic changes due to “stress-induced hypo- 
kalemia"? 


Dr. Brown: The electrocardiographic changes caused by 
the hypokalemic effect of epinephrine infusion are exactly the 
same as from any other cause of hypokalemia. 

Dr. Kupersmith: How about the arrhythmogenesis po- 
tential of epinephrine-related hypokalemia? 

Dr. Brown: I would agree with everyone else that in normal 
volunteers you would not expect arrhythmias that are due to 
»pinephrine. —— 

Dr. Kupersmith: Epinephrine causes arrhythmias; there 
is not doubt about that. Is it the hypokalemic aspect that 
sauses arrhythmias? Epinephrine per se will increase auto- 
naticity. Secondly, increasing potassium has a nonspecific 
antiarrhythmic effect. There are a lot of old studies that show 
shat you can cause arrhythmias by ischemia, for example, and 
then by slowly increasing the potassium, you get an antiar- 

rhythmic effect at some point. Then you get an arrhythmo- 
zenic effect. The antiarrhythmic effect is at a potassium level 
of about 6.0 to 6.5 mEq/liter.  ' 


Dr. Holland (Dallas, Texas): I think some of Dr. Nordre- 
haug’s data presented yesterday are important as far as 
whether the potential of hypokalemia by itself—irrespective 
of diuretic use—can cause ventricular fibrillation. He certainly 
showed that some of his patients who had been on diuretics 
and were hypokalemic developed ventricular fibrillation, 
whereas others did not. It seemed to not be just simply related” 
to diuretic therapy. 


Dr. Kupersmith: I think that hypokalemia due to epi- 
nephriné might be different from that due to diuretics. There 
is not total body loss of potassium. The intracellular and ex- 
tracellular ratio is different, and many factors are different. 
That is the point I am making: not that the hypokalemia is not 
important, but that there is a difference between total body 
depletion of potassium and a transient decrease. 


Dr. Holland: Getting back to Dr. Conti's questions, I think 
Dr. Nordrehaug's data were very good that these people who 
were hypokalemic and more likely to fibrillate do indeed have 
less evidence of developing congestive heart failure. Inter- 
estingly, even patients previously taking digitalis were more 
likely to be normokalemic at the time they presented rather 
than hypokalemic. One might have expected that subgroup 
of patients to have had worse myocardial infarctions and more 
stress and more hypokalemia. You wonder if they were not 
better potassium repleted before the time of infarction be- 
cause of the concern that they might have problems if they 
became hypokalemic. All of these data are against the idea 
that these people had worse myocardial infarctions and de- 
veloped fibrillation because of that. 


Dr. Nordrehaug: Today we were told that epinephrine 
prolonged QT intervals, and yesterday we were told that it 
shortened QT intervals. Who is right? 


Dr. Kupersmith: Sympathetic stimulation of the heart 
clearly prolongs QT intervals. This point has been known for 
many years. In vitro epinephrine shortens action potential 
duration. If one infuses catecholamines, there is either a 
shortening of or no effect on Q'T intervals. On the other hand, 
sympathetic nerve stimulation may be different for the fol- 
lowing reasons: the QT interval does not merely reflect action 
potential duration; it represents a summation of all action. 
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Dr. Schoenberger (Chicago, Illinois): J am going to discuss 
the impact that [I think this conference will have on some 
practical recommendations that could be taken to the prac- 
titioner. I believe firmly that 6 blockers should be used rou- 
tinely after myocardial infarction. I think all of the clinical 
trials that I have reviewed seem to support such a conclusion. 
There are some questions that have not been answered. The 
first of these, of course, is what is the mechanism responsible 
for the 8-blocker protection? We talk in a global sense about 
cardioprotection, and I think we learned a lot from these 
discussions as to what some of the possible mechanisms might 
be for this 8-blocker cardioprotection. 

There are some important implications for practicing 
physicians. First, what dose of 6 blocker does one have to give 
in order to achieve cardioprotection? We only know that the 
clinical trials that were done used a fixed dose, because of the 
impracticality of using varying doses, which would have in- 
creased the sample size tremendously. Both the 8, selective 
and nonselective 8 blockers have been effective in this clinical 
setting; however, I think the full dose that was used meant that 
the £1 selective drug, metoprolol, was probably not in the se- 
lective range anymore. Clearly, this fits in with the observation 
that the ability to block the £5 receptors is the important as- 
. pect which is affording the protection. I suspect that there are 
not going to be any more clinical trials in the United States 
on this issue, and I don't know whether there will be another 
in England or on the continent. We are faced with a question 
of burning importance, and that is whether we ought to be 
starting 8-blocker therapy earlier than 5 to 7 days after 
myocardial infarction. The early studies that were reported 
did not seem to show much benefit, with the exception of the 
metoprolol study from Sweden.! Yet, if I understand what I 
have |heard in our discussion, perhaps the need for cardi- 
oprotection is as great then, if not more so. Perhaps it would 
be very logical to extrapolate from the data that we now 
have-—which may be all we will ever get—and recommend 
that P blockade be started on admission to the hospital, or 
shortly thereafter, rather than waiting for 5 to 7 days. That 
is theimost important extension to the current practice, which 
I think is now slowly taking hold in the U.S.—that f blockers 
should be used routinely. I think it is pretty well accepted by 
most people. 

Dr. Brown (London, England): In reply to one of your 
questions, I know that Peter Sleight in Oxford is doing an 
acute intravenous atenolol study on infarct size and survival. 


raw 


Early reports are that the results are promising. He is also 
looking at some potassium data. I hope we will one day be able 
to do a study with a selective 85 blocker, but without that we 
may never know. 


Dr. Frishman (Bronx, New York): I think the area of acute 
intravenous -adrenergic blockade still has to be clarified 
somewhat. There is some potential for harm when patients 
first come in, when we really don't know what their hemody- 
namic status is. Although some patients may benefit, I think 
there is a percentage of people, especially those with inferior 
wall myocardial infarction, who might get worse. 

I previously thought that B blockers were all alike for 
treatment of cardiovascular diseases. However, some recent 
information suggests that they may not be all alike as 
postmyocardial infarction therapy. If one pools all the data 
from all the -blocker postmyocardial infarction trials, the 
B-blocker mortality reduction compared with placebo is 22%. 
If one examines those studies where nonselective B blockers 
were used, it appears that the reduction in overall mortality 
is about 30%. This includes patients who have inferior and 
anterior wall myocardial infarctions. It appears that the fa- 
vorable effects with practolol and metoprolol—two B selec- 
tive agents—are only in patients with anterior wall my i 
infarctions, not with inferior wall myocardial infarctions, for 
reasons that I cannot comprehend. 

Finally, with the partial agonist 6 blockers, and this includes 
oxyprenolol and pindolol, the benefit appears to be very 
modest. 

For me, the most exciting part of all this is that there is also 
a favorable effect on nonfatal myocardial infarction. This 
cannot be an antiarrhythmic effect. This has to be related to 
other actions that 8 blockers have—their antiischemic effects. 
What the special antiischemic effect is—whether it is a cellular 
effect, an effect on coronary blood flow or an antiplatelet effect 
that may be preventing reinfarctions—we don’t know. That 
is a sort of special effect that 8 blockers have which no other 
available antiarrhythmic drug has. I would agree with Dr. 
Schoenberger that all patients should be on B blockers, if they 
can qualify, after myocardial infarction. I don’t know, even 
at this point, how early therapy should be given. A lot of my 
students question me and ask why should everybody be on 6 
blockers; what about the low-risk people? Shouldn’t we be 
measuring ejection fractions in patients? Shouldn’t we be 
doing Holter monitoring on everybody to decide who should 
receive these drugs? 
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I would agree with Dr. Schoenberger that because B blockers. 
are all we have as postmyocardial infarction therapy for 
` prolonging life, it is worthwhile to give this therapy to almost 
anybody who can tolerate the treatment without contraindi- 
cation. 


Dr. Gorlin (New York, New York): To give the drug very 
early may not only pose some unknowns, but the data, save 
that from Oxford and Góteborg,! have not shown any major 
impact on mortality when given early. There has been some 
impact on infarct size with timolol, and the statistics accu- 
mulated by Mueller? in this country using propranolol—al- 
though the drug was given late, namely 18 hours on average 
: after admission —did not show any major impact on mortality. 
I think the current idea, “to learn about your patient and 
substratify as to the severity of the infarct in terms of the 
degree of congestive failure," is probably a reasonable com- 
promise at this time. The idea of moving in with the drug at 
a later time, I think, is still acceptable. 


Dr. Conti (Gainesville, Florida): A comment about the early 
use of 8 blockers in myocardial infarction: metoprolol has been 
approved in this country based on the Swedish metoprolol 
trial,’ not the Ciba-Geigy trial in this country. The U.S. trial 
' focused on the late use of metoprolol. If you are going to use 
metoprolol, the data say use it early, not late. 


Dr. Schoenberger: That is the same as the data from the 
'Beta-Blocker Heart Attack Trial, which shows that the re- 
duction in mortality at 1 year was strikingly better for those 
starting treatment on the 6th to 9th day than those starting 
on the 9th to 21st days. It is just a question of whether you 
think you are clinically entitled to make an extrapolation 
beyond what the data indicate. 


Dr. Shand (New York, New York): I would like to make one 
‘comment about acute interventions. Some of you may know 
that we are actually studying this very early intervention. Our 
‘entry criteria is 6 hours from the event, and we have had to 
triage 2,000 patients to enter 100. I found it staggering to hear 
that the Norwegians are able to start therapy within 2 hours 
and we in America really cannot start therapy within 6 hours. 
I think one of the things that it has taught me is that the way 
we are delivering our acute care—the emergency room versus 
the coronary care unit—really has to be addressed. It is in- 


credible to me that our system will not allow us to begin . 


therapy within 6 hours unless extraordinary efforts are at- 
tempted. Maybe Dr. Mueller would like to comment on that. 
I found that a really staggering statistic. 


Dr. Mueller (Bronx, New York): I basically agree with you. 
However, there is some light on the horizon. I think it has to 
do with patient education and the structure of our health care 
delivery system. Intracoronary and, particularly, intravenous 
thrombolytic therapy mandates earlier times to treatment. 
At Montefiore, the percentage of patients admitted to the 
hospital within 6 hours of the event has increased from 596 4 
years ago to a current 28%. That means that with patient and 
physician education we can accomplish changes in the 
system. 


Dr. Frishman: When 8 blockers were shown to be effective 
for the therapy of hypertension from work of Pritchard in 
Great Britain 20 years ago, it was suggested that the mecha- 
nism by which £ blockers reduce blood pressure was a reduc- 
tion in cardiac output. Later work from Buhler and Laragh 
showed that there were multiple mechanisms to explain the 
antihypertensive effects of 6-blocking drugs. A clinical effect 


TABLE! Mechanisms of §-Blocker Benefit 


Elevation in threshold for ventricular fibrillation 
Antiplatelet effect 

Antirenin effect 

Favorable effects in the O; dissociation curve 
Blockade of transmembrane calcium fluxes 


was seen, and only later did mechanisms really come to the 
forefront. In fact, the initial mechanism proposed may very 
well not have been the right one regarding the long-term re- 
duction of high blood pressure. 

Data from the postinfarction trials published in 1981, 
starting with the publication of the timolol study, then with 
the study of propranolol and finally with the Swedish me- 
toprolol study, showed that § blockers could reduce mortality. 
After subgrouping patients, it appeared that a lot of this 
protection was related to sudden death. 

The mechanism of Q-blocker benefit that might be con- 
tributing to this reduction in mortality—specifically in sudden 
death—-is one whereby D blockade can elevate the threshold 
for ventricular fibrillation (Table I). Although 8 blockers are 
not very good “ventricular premature complex killers” when 
looked at alone, the raised ventricular fibrillation threshold 
mechanism has been suggested as a possible explanation for 
the reduction in sudden deaths in patients receiving f blockers 
postmyocardial infarction. 

Then come a whole potpourri of less defined effects. We 
know that $ blockers reduce heart rate, that they can reduce 
blood pressure and that these effects could be improving the 
ischemic situation. A lot of less well-defined effects of 8 
blockers have also been examined. An antiplatelet effect is still 
a controversial area. The antirenin effect of 8 blockers may 
be contributory, because some researchers believe that renin 
is a vascular toxin. Effects on the Os dissociation curve, 
pushing the curve to the right and allowing hemoglobin to 
unload its oxygen much more readily, has been suggested as 
another mechanism to explain why 8 blockers may be cardio- 
protective. Indeed, there are calcium channels in myocardial 
cells and in. the smooth muscle of the vasculature that are 
sensitive to catecholamines. In fact, catecholamine-dependent 
calcium channels may be where 8 blockers are having some 
of their cardioprotective effects. 

'The recent observation that catecholamines, in different 
special clinical situations and in experimental models, reduce 
serum potassium and the possibility that this hypokalemic 
effect may be contributing to or aggravating arrhythmias may : 
also help explain part of the cardioprotective effects that B 
blockers exhibit. 

We may have another mechanism to explain a clinical ob- 
servation. As with hypertension, in which a clinical observa- 
tion and then mechanisms are worked out, we are in the same 
situation now with cardiac protection, particularly sudden 
death prevention. We know 8 blockers have an effect. The 
question is, how are they achieving this? 
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. Summary IV: Implications for Therapy in Hypertension 


Moderator: DAVID P. LAULER, MD 
Group Leader: VINCENT L. DeQUATTRO, MD 


Participants: MORRIS J. BROWN, MD, JEROME COHEN, MD, 
WILLIAM H. FRISHMAN, MD, O.. BRYAN HOLLAND, MD, 
and JAMES A. SCHOENBERGER, MD 


| 
Dr. DeQuattro (Los Angeles, California): The implications 
for therapy of the hypertensive patient are becoming clearer 
for me. We are all looking at the same patient, only at different 
times and perhaps under different situations. For instance, 
I think whether you are talking about coronary ischemia or 


postmyocardial infarction, or about the hypertensive patient : 


with subtle electrocardiographic abnormalities, the implica- 
tions really are almost the same. It is a matter of adequate 
oxygenation of the myocardial cell, whether it be an absolute 
reduction in coronary flow or a relative reduction in flow. We 
are satisfied with the results of antihypertensive therapy for 
reduction of cerebrovascular disease, but many of us are dis- 
satisfied with the results in terms of morbidity and mortality 
due to: ischemic heart disease. This applies to a large popula- 
tion of hypertensive patients. 

Dr. Kannel of the Framingham Study told us several years 
ago that there is increased risk for patients with hypertension 
who have left ventricular hypertrophy and strain pattern. Is 
left ventricular hypertrophy a marker not only for hyperten- 
sion, but also for neural tone? Is it the neural tone in these 
hypertensive patients that contributes to their hypertension 
as well as their left ventricular hypertrophy? 

We know from many studies that stress can lead to hyper- 
tension. Studies of people during warfare, during major life 
events, of air traffic controllers and animal studies of crowding 
show that stress apparently can at least lead to hypertension, 
if not worsen it. Ask the man on the street what the cause of 
hypertension is, and he'll say it has something to do with the 
nerves. For years we have been concentrating on noradrenergic 
factors in primary hypertension and now on their importance 
in left ventricular hypertrophy. The work of Drs. Vincent! 
Brown? and others has converted me to thinking that adren- 
aline is also a stress hormone for “later” and not just for 

“now.” 

Thus, the work of Drs. Langer, Vincent, Brown and others 
has shown us that, while adrenaline stimulates the post- 
synaptic receptor and thus raises the pulse rate, it also up- 
modulates noradrenaline release via the presynaptic D re- 
ceptor! Tt also is stored in the neuron, and later that epi- 
nephrine can contribute to increased noradrenergic tone and 
thus chronic hypertension. 

How does this relate to our current life-styles? Humans who 
perceive stress and become type A personalities or those under 
the gun with fear have an increased sympathetic tone, both 
adrenergic and noradrenergic. 

There are some reports that type A patients who are treated 
with B|blockers become more type B. Type B patients who are 
treated with diuretic agents become more type A. Are these 
behavioral alterations due to self-perception of slower or faster 
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heart rate? Or, is the B blocker acting centrally? I don’t think 
we have to answer that question. Type A behavior did not 
appear to influence risk in the Multiple Risk Factor Inter- 
vention Trial. T'ype À behavior has not been studied well in 
hypertensive subjects. We know that type À people do have 
an increased cardiovascular reactivity. They also have in- 
creased noradrenergic and adrenergic reactivity. T'hus, there 
might be a role for catecholamines in the hypertension of type 
À patients. 

Fortunately, 8-receptor blockers can be effective in a variety 
of ways against this increased neural tone. They can work, 
perhaps, by reducing the perception of stress. Beta blockers 
may also interfere with the neural stimulation of the myo- 
cardium, and reduce left ventricular hypertrophy. They can 
also improve coronary reserve. Beta-receptor blockers, as 
suggested by Dr. Brown, may reduce the levels of neuropep- 
tide Y, thus diminishing left ventricular hypertrophy on a 
neural basis. 

Finally, we have heard about the vital role of potassium in 
stress and how that may be normalized or kept normal in 
critical situations by -receptor blockade. We know that 8 
blockers do lower blood pressure effectively. Thus, there are 
several compelling reasons why we should look at this 
B-blocking therapy for our large subgroup of patients who are 
under special risk. 


Dr. Brown (London, England): Hypertension is home 
ground for me, and, in fact, long before I was thinking of 
adrenaline and hypokalemia, I was thinking of adrenaline and 
hypertension. But as hard as it may be to incriminate adren- 
aline and hypokalemia in causing anything, it is 10 times 
harder to incriminate adrenaline in hypertension. 

I think there are 3 levels in which one might look at the 
possible use of B blockade versus other therapies in the 
treatment of hypertension. One is that these patients ob- 
viously are at risk of myocardial infarction and, therefore, if 
we are right that the adrenergic system is involved in causing 
sudden death, then these are a group in which 8 blockade 
might be useful. 

The data that I can tell you about in relation to this are from 
our clinics in London. À number of them share a computer 
system for recording which therapy patients are on and which 
events happen to them as well as other information. Over the 
past 15 years that this project has been going on, something 
like 8,000 patients have been logged onto the system and just 
over 600 deaths have been recorded. One of the observations 
from a comparison with other therapies in male patients (but 
not female) was that the incidence of coronary deaths with 8 
blockers was only half as great as among patients receiving 
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other antihypertensive therapy. Although the reduction in 
blood pressure in patients receiving B blockade was no greater, 
the incidence of myocardial infarction was only half as great. 
Obviously, this is very exciting. We are waiting for the Medical 
Research Council Trial to show whether this is true in a large 
number of patients. ~- 

The second level in which one might look is in relation to 
the cause of hypertension. This may turn out to be of more 
theoretical interest than of practical interest. The hypothesis 
that adrenaline might be a factor in causing hypertension in 
relation to stress and to increased activation of the sympa- 
thetic system is something we are looking at. There is evidence 
now that the presynaptic D receptor can be demonstrated in 
' man, although it is difficult to do so. We also now have results 
from 268 untreated hypertensive subjects in the Medical 
Research Council Trial that show a small correlation between 
adrenaline excretion and blood pressure. 

'The third level is one of the things that we are going to begin 
to think about more in relation to blood pressure therapy. 
Does it matter which drug we choose for treating blood pres- 
gure— not only in terms of its hypertensive efficacy, not only 


in terms of preventing cardiovascular events, but also in terms : 


of reversing the problems that have caused target-organ 
damage, in particular, vascular and cardiac hypertrophy? 
There does seem to be an increasing body of evidence that 8 
blockade is more effective here than vasodilators that increase 
sympathetic activity. 


Dr. Holland (Dallas, Texas): I would like to comment about 
something we have mentioned very briefly. There is a phi- 
losophy that B-blocker therapy of hypertension may be del- 
eterious because of the slight lipid abnormalities that it pro- 
duces. Conversely, the argument is made that one should use 
various drugs that work on a-receptor-mediated mechanisms. 
I myself think that the evidence for this line of reasoning is not 
at all good. Beta blockers have clearly been shown to be car- 
dioprotective in both clinical and experimental studies. Thus, 
even with these adverse lipid effects, their net effect appears 
to be beneficial. 


. Dr. Brown: We have looked at the effects on lipids; in fact, 
we compared pindolol with propranolol, because of the hy- 
pothesis put forward by others that pindolol might not have 
‘this deleterious effect. In 24 patients in each group we failed 
to observe any effect on lipids of either 8 blocker. Although 
we reviewed published studies, I think it remains to be shown 
that the effect on lipids is of any magnitude. 


Dr. Frishman (Bronx, New York): In the Beta-Blocker 
Heart Attack Trial? in which thousands of patients were 
studied, a small reduction in high-density lipoprotein was 
shown. Probably in a small study you might miss a difference, 
but there it was shown to be present. Of course, Dr. Shulman, 
"who ran the Lipid Center, even personally felt that despite this 
reduction in high-density lipoprotein, he didn't really think 
that because the overall effect on mortality was so favorable 
that it really meant anything. Perhaps in long-term therapy 
of hypertension, for 30 or 40 years, this might pose a problem, 
but we don't know. ' 

We have also seen similar observations that when patients 
are taken off drugs—and we have seen this not only with 8 
blockers but also with other adrenergic-blocking com- 
pounds—a remission seems to occur. It is not a permanent 
remission, though. It may be 3 or even 4 months. Then grad- 
ually over time the blood pressure tends to rise. There may be 
some transient change, but it doesn't appear to be on a long- 
term basis. 


Dr. Cohen (St. Louis, Missouri): I think in the Beta- 
Blocker Heart Attack Trial, during the second year at the 
conclusion, the difference in high-density lipoprotein between 
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propranolol and placebo groups was nil. In the first year, it was 
positive in the direction you said, but this had returned to a 


nil difference at baseline. 


In the Multiple Risk Factor Intervention Trial we looked 
at the effects of antihypertensive drugs on blood lipids, and 
what we found, and I think it needs to be emphasized, is the 
attenuation of the effect of diet that was seen in the special 
intervention group. That is, we saw favorable reductions in 
low-density lipoprotein cholesterol that were somewhat 
lessened by antihypertensive drugs. But the net effect was a 
reduction in low-density lipoprotein cholesterol in patients 
who were on antihypertensive drugs, particularly the diuretics. 
I think the lipid effect should not be used as an excuse to alter 
what otherwise might be an effective regimen. All of the pos- 
itive studies on mortality and morbidity have used diuretics, 
and they have had their favorable outcomes, the lipid changes 
notwithstanding. 


Dr. Schoenberger (Chicago, Illinois): Published findings 
are extremely confusing on this whole issue and very inade- 
quate to give any final answer at this point. There are short- 
term effects of the antihypertensive agents and some of these 
wash out with a period of time. In the Multiple Risk Factor 
Intervention Trial, there was an effect on total cholesterol, but 
not on low-denaity lipoprotein cholesterol, which is the critical 


- lipid. 


Finally, in regard to the Beta-Blocker Heart Attack Trial, 
the whole thing is on very shaky ground, because the initial 
blood levels were drawn after the myocardial infarct at which . 
time there is usually a profound drop in total cholesterol. I 
don't think the study is ever going to answer the question 
properly. We need more data. ` 


Dr. Lauler (New London, Connecticut): Dr. Gorlin has 
commented on free fatty acids. I have always handled this 
problem by looking at the other side in terms of myocardial 
lipids—that the effect of 8 blockers is in the right direction 
in terms of decreasing myocardial release of free fatty 
acids. ' 


Dr. Schoenberger: I thought Dr. DeQuattro was going to 
settle the issue about what is the ideal step 1 treatment. 


Dr. DeQuattro: Beta-blocking therapy seems advanta- 
geous for the type A person, although we would not want to 
"mellow out" all of our hypertensive patients. However, we 
do have to guard them from an overactive noradrenergic and 
adrenergic system responding to their perceived stress. 

Dr. Cohen, can you comment on the Multiple Risk Factor 
Intervention Trial regarding type À and B persons? I don't 
think the trial was conducted in the same manner as in 
the Western Collaborative Group* or the Framingham 
studies.5-7 


Dr. Cohen: I always hesitate to talk about the Multiple 
Risk Factor Intervention Trial data with respect to type A and 
B—not because we weren’t very careful, because we did, in 
fact, use Rosenman and Friedman quality-controlled inter- 
views as well as the paper and pencil test developed by David 
Jenkins. We did not show a difference with respect to event 
rates between type A and type B. However, I think any kind 
of discussion on this issue must emphasize the fact that we had 
an unusual population—highly selected, high-risk men at risk ^ 
on the basis of smoking, hypertension and hypercholesterol- 
emia. The Western Collaborative study and other studies, 
including the Framingham, looked at general population 
groups. I think that you need to put caveats on the interpre- 
tation of Multiple Risk Factor Intervention Trial data with 
respect to type A and B persons. Your comments about spe- 
cifically relating it to hypertension and the neural effects are 
interesting. I would like to see the Multiple Risk Factor In- 
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tervention Trial data with respect to.type A and B among 
hypertensive men to look for any difference in event rates and 
the effects of antihypertensive drug therapy. To my knowl- 
edge, this has not been done. 


Dr. Holland: I think in the next 5 or 10 years we will see an 
increasing effort to split hypertensive patients into different 
groups and to define more specific therapy for different 
subgroups of hypertensive patients. 'l'o me, it is unrealistic to 
think that all essential hypertension is the same, just like it 
is unrealistic to think all anemia is the same. It is going to be 
difficult to interpret a lot of these large trials that have been 
done, and certainly will be difficult to do a large trial in the 
future because of this increasing tendency to identify 
subgroups of hypertensive patients, and target more indi- 
vidual therapy. 

The other thing pertains to the comments that Dr. Mor- 
ganroth made about the danger of ventricular arrhythmias 
from hypokalemia in patients with underlying heart disease 
versus the supposed lack of concern in patients with normal 
hearts. If you have the least little bit of structural heart dis- 
ease, and you have a ventricular triplet, this can lead to fatal 
ventricular fibrillation. On the other hand, there continues 
to be controversy about the arrhythmogenesis of hypokalemia 
in patients with totally normal hearts. I think that in the usual 
patient that we see with hypertension— bearing in mind that 
patients from various wars such as the Vietnam war have been 
shown to have coronary artery disease at very early ages and 
that half of the people who have sudden death have no inkling 
that they previously had coronary artery disease—we have 
to be practical and assume that occult heart disease is very 
common in hypertensive patients. Thus, the usual hyper- 
tensive patient should be treated with the assuniption that 
underlying heart disease may be present and that the patient 
i$ at increased risk of having a myocardial infarction. It then 
is rational to maintain normokalemia during chronic diurétic 
therapy and to move very quickly to combination therapy with 
B blockers, if one decides to start with a diuretic, but does not 
get a satisfactory blood pressure fall. I think it is difficult to 
defend this scientifically, although it makes sense. As Dr. 


Brown said, we may never know what is the critical component 
of epinephrine versus potassium in leading to ventricular ar- 
rhythmias. I think it máy also be impossible to study this and 
really answer the question of whether or not hypokalemia 
really causes ventricular arrhythmias in the normal heart, but 
certainly there is a lot of indirect evidence that makes people 
very hervous about ignoring SINE in the usual hy- 
pertensive patient. 


Dr. Frishman: What has come out of this conference is an 
appreciation that the so-called cardioprotective effects of 8 
blockers may not just be from their 8; effects: There has to be 
an appreciation that B?-receptor blockade may be important 
in cardioprotection. Specifically, this may be important re- 
garding the blockade of presynaptic receptors, as Dr. Vincent 
mentioned, that may be involved in modulating norepi- 
nephrine release. The issue that Dr. Brown raised regarding 
the blockade of stress-induced hypokalemia by B;5-receptor 
blockers is an enlightening point. Although B blockers have 
been around for over 20 years in this country—and we can 
rejoice at how effective they are for so many clinical situa- 
tions—I still think there is much more to learn about mech- 
anisms by which these drugs manifest their cardioprotective 
effects in patients. 
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brozil. Six percent of the dose is accounted for in the feces. 
T Garge, controlled multicenter trial of 427 patients, lipid and lipoprotein 
changes from average baseline (%) by hyperlipoproteinemic (HLP) type are sum- 
ma CUN for those patients receiving gemfibrozil, 1200 mg/day, at the end of 
12 weeks. 
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. TRIGLYCERIDE CHOLESTEROL RATIO 

VLDL LOL HOL HDL Cholesterol 

em Total Cholesterol 
Wa — 44% -42% -44.3% - 5.8% +24.6% +33% 
llb -45% -86% -45.0% - 6.4% +19.5% +34% 
D = -1.8% — 40.896 +14.6% +17.4% +23% 


INDICATIONS AND USAGE. Drug therapy should not be used for the routine treat- 

ment of elevated blood lipids for the prevention of coronary heart disease. Dietary 

by specific for the type of hyperlipidemia is the initial treatment of choice. Excess 

body weight and excess alcoholic intake may be important factors in hypertriglyceri- 

demia and should be addressed prior to any drug therapy. Physical exercise can be 

animportant ancillary measure. Contributory diseases such as hypothyroidism or 

etes mellitus should be looked for and adequately treated. The use of drugs 

d be considered only when reasonable attempts have been made to obtain sat- 

ory results with nondrug methods. If the decision is to use drugs, the patient 

id be instructed that this does not reduce the importance of adhering to diet. 

Because of chemical, pharmacological, and clinical similarities between gemfibro- 
d clofibrate, and the adverse findings with clofibrate in two large clinical studies 

| ings), use of gemfibrozil should be restricted to the following indications. 

— LOPID may be considered for the treatment of adult patients with very high serum 

rig yceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 

pa icreatitis and who do not respond adequately to a determined dietary effort to con- 

trol them. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 

present such risk. 

 LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 

n most subjects. A minority of subjects show a more pronounced response. How- 

ever, it must be understood that there is no evidence that use of any lipid-altering 

drug will be beneficial in preventing death from coronary heart disease (see WARN- 

INGS). Therefore, the physician should be very selective and confine gemfibrozil 


" 
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treatment to patients with clearly defined risk due to severe hypercholesterolemia 

(eg, individuals with familial hypercholesterolemia starting in childhood) who inade- 

ely respond to appropriate diet and more effective cholesterol-lowering drugs. 

-LOPID is not useful for the D tl of Type | hyperlipidemia. 

_ The biochemical response to gemfibrozil is variable, and it is not always possible to 

predict from the lipoprotein type or other factors which patients will obtain favorable 

rest Its. It is essential that lipid levels be assessed and that the drug be discontinued 

after three months in any patient in whom lipids do not show significant improvement. 
Ye effect of drug-induced reduction of serum cholesterol or triglyceride levels or 

elevation of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 

ease has not been established. Several years may be required before ongoing long- 

erm investigations will resolve this question. 

CONTRAINDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 

iliary cirrhosis. | 

. 2. Preexisting gallbladder disease. (See Warnings.) 

...9. Hypersensitivity to gemfibrozil. — . 

WARNINGS. 1. Because of chemical, pharmacological, and clinical similarities 

between gemfibrozil and clofibrate, the adverse findings with clofibrate in two large 

clinical studies may also apply to gemfibrozil. In the first of those studies, the Coro- 

nary Drug Project, 1000 subjects with previous myocardial infarction were treated for 

ive years with clofibrate. There was no difference in mortality between the clofibrate- 

d subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 

d subjects developed cholelithiasis and cholecystitis requiring surgery. In the 

ther study, conducted by the World Health Organization, 5000 subjects without 

nown coronary heart disease were treated with clofibrate for five years and followed 

ane year beyond. There was a statistically significant 36% higher total mortality in the 


3 ofi a ə-treated than in a comparable placebo-treated control group. The excess 
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nortality was due to noncardiovascular causes, including malignancy, postcholecys- 


ector / complications, and pancreatitis. The higher risk of clofibrate-treated subjects - 


sanyo dis WAT fu VER Ane E ud t 
- 2. Long-Term Toxicity and Animal Tumorigenicity Studies: Long-term studies have 
een conducted in ats and mice at one an ten teste human dose. The incl — 
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| se-related increase of benign Leydig cell tumors. Subcapsular | 
bilateral cataracts occurred in 10%, and unilateral in 6.396 of the high dose males. — 
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3. Since a reduction of mortality from coronary artery disease has not been demon- 
strated and liver and interstitial cell testicular tumors were increased in male rats, ° — 


LOPID should be administered only to those patients described in the Indications and 
Usage Section. If a significant serum lipid response is not obtained, LOPID should be 
discontinued. 

4. Cholelithiasis—L OPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants—Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy — Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy— Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels—LOPID is not expected to alter seasonal 
variations of higher serum lipid values in mid-winter and late summer or the lower val- 
ues in fall and spring. i 

4. Impairment of Fertility— Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. 

5. Pregnancy Category B— Reproduction studies have been performed in the rat 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the 
human dose. These studies have revealed no evidence of impaired fertility in females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found 
among almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of 
rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. 

6. Nursing Mothers— Because of the potential for tumorigenicity shown for gemfi- 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- 
continue the drug, taking into account the importance of the drug to the mother. 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. 

8. Liver Function— Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. 

9. Cardiac Arrhythmias—A/though no clinically significant abnormalities 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- 
ties may occur. 

10. Use in Children— Safety and efficacy in children have not been established. 
ADVERSE REACTIONS. In controlled clinica! trials of 805 patients, including 245 — 
who received LOPID for at least one year, the most frequently reported adverse reac- 
tions associated with:LOPID involved the gastrointestinal system. In decreasing order 
of frequency, these were abdominal pain (6.096), epigastric pain (4.996), diarrhea 
(4.8%), nausea (4.0%), vomiting (1.6%), and flatulence (11%). Other adverse reac- 
ER where the probability of a causal relationship to LOPID therapy exists are listed 

System. 

Integumentary: rash, dermatitis, pruritus, urticaria 

Central Nervous System: headache, dizziness, blurred vision 
Musculoskeletal: painfu! extremities 

Hematopoietic: anemia, eosinophilia, leukopenia 

Other reactions have been reported under conditions where a causal relationship is 
difficult to establish, thus the physician should be alert to these occurrences. Reports 

of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 
Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE 
PROTHROMBIN LEVEL HAS STABILIZED. 

MANAGEMENT OF OVER 


DOSAGE. While there has been no reported case of over- - 


dosage, symptomatic supportive measures should be taken should it occur. — - 
. 0669G08 — 
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Inside every Intermedics 


Its Twice The Pacemaker E ie 
You Think It Is. caine oo a 


Model 253-19 


A Intermedics inc. 
FREEPORT, TEXAS 
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QUANTUM INDICATIONS AND CONTRAINDICATIONS 

The indications for cardiac pacing are increasing as pacemakers become more sophisticated 
and as advanced methods for patient management become more widespread. Generally 
accepted indications for long-term cardiac pacing include, but are not limited to: (1) sick sinus 
syndrome; (2) chronic, symptomatic drug-resistant sinus arrhythmias, including sinus brady- 
cardia, sinus arrest, and sinoatrial (S-A) block as seen in sick sinus syndrome; (3) chronic, 


symptomatic second-degree or third-degree A-V block; (4) recurrent Adams-Stokes syndrome; 


(5) bradycardia-tachycardia syndrome; (6) symptomatic bilateral bundle branch block; and (7) 
hypersensitive carotid sinus syndrome (carotid sinus syncope). In addition, certain patients 
presenting such symptoms as intractable, recurrent congestive heart failure; cerebral or renal 


reliable pacing circuitry in the 
industry would be enough. 

But at Intermedics, enhancing 
the quality of life leaves no room 
for error. So either of Quantum's 
self-contained circuit systems 

is capable of performing all of 
the pacemaker's critical timing 
functions in the event, how- 
ever unlikely, of a circuit or 
component failure. Every 
Quantum also incorporates 
three separate elective replace- 
ment indicators. So you have 
advanced multiple warnings 





Quantum unipolar, bipolar in-line or 
bipolar bifurcated. 


Yet Ouantum is just 8 mm 
thin. Amazingly small consid- 
ering Quantum also provides 
advanced telemetry, full 
programmability and trans- 
telephonic capabilities. 

As you can see, Quantum is 
twice the pacemaker you think 
it is. Call Intermedics toll-free 
at 1-800-231-2330 (in Texas call 
1-800-392-3726). 


c Our Business is Life? 
P. O. Box 617, Freeport, Texas 


77541, Telex 4620491 ITM or 
792713SL FPRT 


insufficiency; or recurrent drug-resistant tachyarrhythmias, and who have been shown to bene- 
fit from temporary cardiac pacing, are considered candidates for permanent cardiac pacing. 

The indications for permanent pacing in cases of acute myocardial infarction have not yet 
been rigorously defined. Factors to be considered include the location of the myocardial 
infarct, the presence or absence of symptoms, ventricular rate, the mechanism of the arrhyth- 
mias, and response to therapy. In general, symptomatic drug-resistant bradyarrhythmias that 
impair cardiac output are considered indications for pacing in patients with acute myocardial 
infarction, regardless of infarct location. 

There are no known contraindications to the use of pacemakers as a medical method for 
control of heart rate. MD31/1080 € Intermedics, Inc., 1985 
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5 ques hypertension requires therapy 


titrated to the individual. If this 

* ! repr so determined, its use may be 

* b Convenient in patient AQ, Treatment of hypertension 

| and edema is not static, but must be reevaluated as conditions in 
- each patient warrant. 


| Contraindications: Concomitant use with other potassium-sparing agents 
[anl as spironolactone or amiloride. Further use in anuria, progressive 
renal or hepatic dysfunction, hyperkalemia. Pre-existing elevated serum 
um. Hypersensitivity to either component or other sulfonamide- 
“re rugs. 
: Do not use potassium supplements, dietary or otherwise, unless 
mia develops or dietary intake of potassium is markedly impaired. 
: lementary potassium is needed, potassium tablets should not be 
I oy il can occur, and has been associated with cardiac i irregu- 
is more likely in the severely ill, with urine volume less than 
one DES oris the elderly and diabetics with vet or confirmed renal 
- insufficiency. Periodically, serum K * levels should be determined. If hyper- 
. kalemia develops, substitute a thiazide alone, restrict K* intake. Asso- 
ciated widened QRS complex or arrhythmia requires prompt additional 
- therapy. Thiazides cross the ar barrier and appear in cord blood. 
- Use in pregnancy requires weighing anticipated benefits against possible 
aere including fetal or neonatal jaundice, thrombocytopenia, other 
e reactions seen in adults. Thiazides appear and triamterene may 
appear in breast milk. If their use is essential, the patient should stop 
Parsing, Adequate information on use in children is not available. Sensitivity 
reactions may occur in patients with or without a history of allergy or 
telat asthma. Possible exacerbation or activation of systemic lupus 
matosus has been reported with thiazide diuretics. 
P s: The bioavailability of the hydrochlorothiazide component of 
)yazide' is about 50% of the bioavailability of the single entity. Theoreti- 
; y. a transferred from the single entities of Dyrenium (triamterene, 
-SK&F CO.) and hydrochlorothiazide may show an increase in blood pressure 
< Or fluid retention. Similarly, it is also possible that the lesser hydro- 
- chlorothiazide bioavailability could lead to increased serum potassium levels. 
- However, extensive clinical experience with 'Dyazide' ra ns that these 
Conditions have not been commonly observed in clinical practice. Do 
periodic serum electrolyte determinations (particularly important in patients 
-vomiting excessively or receiving parenteral fluids, and Cag concurrent 
use with amphotericin B or corticosteroids or corticotropin [ACTH]). 
Periodic BUN and serum creatinine determinations should be made, 
- especially in the elderly, diabetics or those with suspected or confirmed 
renal insufficiency. Cumulative effects of the drug may develop in patients 
with impaired renal function. Thiazides should be used with caution in 
patients with impaired hepatic function. They can precipitate coma in 
- patients with severe liver disease. Observe regularly for possible blood 
[cpm liver damage, other idiosyncratic reactions. Blood dyscrasias 
been reported in patients receiving triamterene, and leukopenia, 
Pein agranulocytosis, and aplastic and hemolytic anemia 
ave been reported with thiazides. Thiazides may cause manifestation of 
diabetes mellitus. The effects of oral anticoagulants may be 
ie maor when used concurrently with hydrochlorothiazide; dosage adjust- 
“ments may be necessary Clinically insignificant reductions in arterial 
sag ponsiveness to norepinephrine have been reported. Thiazides have also 
n shown to increase the paralyzing effect of nondepolarizing muscle 
relaxants such as tubocurarine. Triamterene is a weak folic acid antagonist. 
Do periodic blood studies in cirrhotics with splenomegaly. Antihypertensive 
effects may be enhanced in post-sympathectomy patients. Use cautiously 
in su patients. Triamterene has been found in renal stones in asso- 
“ato with the other usual calculus components. Therefore, 'Dyazide' 
Id be used with caution in patients with histories of stone formation. 
A few occurrences of acute renal failure have been reported in patients on 
7D azide' when treated with indomethacin. Therefore, caution is advised in 
inistering nonsteroidal anti-inflammatory agents with ‘Dyazide’. The 
‘ong may occur: transient elevated BUN or creatinine or both, hyper- 
ia and glycosuria (diabetic insulin requirements may be altered), 
ricemia and gout, digitalis intoxication (in "Bazie int decreasing 
alkali reserve with possible metabolic acidosis. ‘Dyazide’ interferes with 
measurement of quinidine. Hypokalemia is uncommon with 
""Dyazide but should it develop, corrective measures should be taken such 
as potassium supplementation or increased dietary intake of potassium- 
fich foods. Corrective measures should be instituted cautiously and serum 
otassium levels determined. Discontinue corrective measures and 
Id laboratory values reveal elevated serum potassium. 
Chloride deficit may occur as well as dilutional hyponatremia. Concurrent 
use with chlorpropamide may increase the risk of severe hyponatremia. 
- Serum PBI levels may decrease without Signs of thyroid disturbance. Cal- 
ium excretion is decreased by thiazides. 'Dyazide' should be withdrawn 
conducting tests for parathyroid function. 
Riu may add to or potentiate the action of other antihypertensive 
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Hos reduce renal clearance of lithium and increase the risk of lithium 
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"Adverse Reactions: Muscle cramps, weakness, dizziness, headache, dry 
; anaphylaxis, rash, urticaria, photosensitivity purpura, other dermat- 
ical Conditions; nausea and vomiting, diarrhea, constipation, other 
‘gastrointestinal disturbances; postural hypotension (may be aggravated by 
, barbiturates, or narcotics). Necrotizing vasculitis, paresthesias, 
, pancreatitis, xanthopsia and respiratory distress including pneu- 
ee and pulmonary edema, transient blurred vision, sialadenitis, and 
have occurred with thiazides alone. Triamterene has been found in 
Stones in association with other usual calculus components. Rare 
‘aiden of acute interstitial nephritis have been reported. Impotence has 
reported in a few patients on 'Dyazide', although a causal relationship 

has not een established. 
ied: 'Dyazide' is supplied as a red and white capsule, in bottles of 
000 capsules; Unit Packages (unit-dose) of 100 (intended for 
boten use only); in Patient-Pak™ unit-of-use bottles of 100. 


The unique 


ài product of red and white 
CO. Dyazide® epee 

Your assurance o 

Carolina, P. R. 00630 SK&F quality. 


< -—: SUELDO — a e 2 





Mean Sitting BP (mmHg) 





of Less 





Low doses of hydrochlorothiazide can provide 
most of the antihypertensive effect of larger 
doses.! 


Increasing dosage above 25 mg. daily or 
improving bioavailability will not lead to increased 
antihypertensive efficacy in the majority of 
patients, but can result in a higher incidence of 
hypokalemia, hyperuricemia and hyperglycemia. 


HYDROCHLOROTHIAZIDE: FLAT DOSE-RESPONSE CURVES 
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Placebo 12.5 mg. 25 mg. 50 mg. 75 mg. 
Mg. of Hydrochlorothiazide 


For the benefits of low dose diuretic therapy* 
with the added benefit of 
potassium-sparing triamterene 


Ho IE UN CN TFUPOE 


DYAZIDE 


25 mg Hydrochlorothiazide/50 mg Triamterene/SKF 





*Not for initial therapy. See boxed warning. 


1. Kaplan, N.: Systemic Hypertension: Therapy, in 3. Adapted from Beerman, B., and Groschinsky- 
Braunwald, E. (ed.), Heart Disease. A Textbook of Grind, M.: Antihypertensive Effect of Various Doses 
Cardiovascular Medicine, Philadelphia, W.B. of Hydrochlorothiazide and Its Relation to the 
Saunders Co., vol. 1, pp. 922-951. Plasma Level of the Drug, Eur. J. Clin. 

2. Dialogues in Hypertension, Hypertension Update]; Pharmacol. 13: 195-201, 1978. 

New Developments in Antihypertensive Therapy, 
Jan. 1985, Health Learning Systems Inc. 
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Xanax rapidly relieves anxiety... : 


In double-blind, four-week, clinical trials 
in 976 patients with moderate to severe 
anxiety, therapy with XANAX was com- 
pared with placebo. 

XANAX was significantly more effec- 
tive (pxO.001) than placebo in relieving 
the anxiety, with over half of the patients 

showing marked to moderate improve- 
ment by the first evaluation period (one 
week) 
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.. including cardiovascular ...and depressive ; 
symptoms of anxiety. .. symptoms of anxiety. : 
Most patients in the study had cardio- Over 709; ofthese patients experienced : 
vascular symptoms even though cardio- moderate to severe depressed mood. 
vascular disease was ruled out XANAX XANAX was shown to besignificantly — 
was shown to effectively relieve anxiety more effective (x0.014)than placeboin . - 
including the accompanying cardiovas- improving depressed mood. E 
cular symptoms. l Sbn Mae ig i li efeocy tnd siet endy campering ionta 
The Upjohn Company : Kalamazoo. Michigan 49001 USA 4 


Please see next page for brief summary of prescribing information. © 1984 The Upjohn Company 
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Since withdrawal seizures have been reported upon abrupt withdrawal. If wt ! rh 
AX sombre with other psychotropics or anticonvulsant drugs, consider x ADVERTISING 
potentiation. (See Drug Interaction section.) Exercise the usual precautions iv Dr | ! 
ding size of the prescription for depressed or suicidal patients. In elderly me REPRESENTATIVES 
and debilitated patients. use the lowest possible dosage. (See Dosage and Ls i 

lministration.) Observe the usual precautions in treating patients with impaired 


alorhepaticfuncion — . |... NEW YORK 
tation for Patients: Alert patients about: (a) consumption of alcohol and Es | V | 
>) possible fetal abnormalities. (c) operating machinery or driving.(d) not . . Robert C. Weidner, 212-605-9624 


goose ofthe drug due to risk of dependence. (e) not stopping the drug © _ Glenn Gero, 212-605-9628 

y. Laboratory Tests: Not ordinarily required in otherwise healthy patients. AE. 212.605 
teractions: Additive CNS depressant effects with other psychotropics. anti- eee Claudia Shayne, 212-605-9798 | 
ulsants, antihistamines, ethanol and other CNS depressants. Pharma- PER 875 Third Avenue, 


tic interactions with benzodiazepines have been reported. Drug/ Laboratory New York, N.Y. 10022 
ra ctions: No consistent pattern for a specific drug or specific test Carcinogenesis. maS 
nesis. Impairment of Fertility: No carcinogenic potential or impairment of | 
in rats. Pregnancy: See Warnings. Nonteratogenic Effects: The child born of a EN 
on benzodiazepines may be at some risk for withdrawal symptoms and m 
ital flaccidity Labor and Delivery: No established use. Nursing Mothers: DW BARRINGTON 
inzodiazepines are excreted in human milk Women on XANAX should not Wyman Carey— 312-381-1840 
se. Pediatric Use: Safety and effectiveness in children below the age of 18 have LAT 
DVERSE REACTIONS TA Barrington, IL 60010 


effe ts are generally observed at the beginning of therapy and usually dis- 
ar with continued medication. In the usual patient. the most frequent side EY 
effects are likely to be an extension of the pharmacological activity of XANAX. 3 
? g. drowsiness or lightheadedness. . EX HOUSTON 
Central nervous system: Drowsiness. lightheadedness. depression. headache. — Dick Sheehan, 713-981-4090 
fusion. insomnia. nervousness. syncope. dizziness. akathisia. and tiredness/ — = 9894 Bissonnet. Suite 100 
D ! i n i ^ E : 3 , 
intestinal: Dry mouth. constipation. diarrhea, nausea/vomiting. and = Houston, Texas 77036 
ed salivation. "T | 
avascular: Tachycardia/palpitations. and hypotension. 
ory: Blurred vision. YE. 
sculoskeletal: Rigidity and tremor. ber 
n Dermatitis/allergy. "i ATLANTA | 
er side effects: Nasal congestion. weight gain. and weight loss. ae bert : pi, 
dition, the following adverse events have been reported with the use of Sm Ro H. Powell, Jr.—404-633-5112 
tic benzodiazepines: dystonia. irritability, concentration difficulties, _ 4 Executive Park Drive, N.E., Atlanta, Ga. 30329 
a. loss of coordination. fatigue. sedation. slurred speech. jaundice. 
oskeletal weakness. pruritus, diplopia. dysarthria. changes in libido. 
trual irregularities, incontinence and urinary retention. oxy | 
adoxical reactions such as stimulation. agitation. increased muscle spasticity, = SAN FRANCISCO 


! u rbances, and hallucinations may occur Should these occur discontinue E | ; Marjorie Hauschild, 415-981-2594 


| ng prolonged treatment. periodic blood counts, urinalysis. and blood a . 582 Market St, 


chemistry analysis are advisable. Minor EEG changes. of unknown significance. A San Francisco. Calif. 94104 
ave > been observed. ! Í 
)RUG ABUSE AND DEPENDENCE 
ical and Psychological. Dependence: Withdrawal symptoms have occurred follow- 
ipt discontinuance of benzodiazepines. Withdrawal seizures have oc- 
‘upon rapid decrease or abrupt discontinuation of therapy. In all patients, 
e should be gradually tapered under close supervision. Patients with a 
y of seizures or epilepsy should not be abruptly withdrawn from XANAX. 
ion-prone individuals should be under careful surveillance. Controlled 
e Class: XANAX is a controlled substance and has been assigned to 
> |V. 
\GE AND ADMINISTRATION | 
sual starting dose is 0.25 to 05 mg. t i.d. Maximum total daily dose is 
n the elderly or debilitated, the usual starting dose is 0.25 mg. two or three 
daily Reduce dosage gradually when terminating therapy. by no more 
ne milligram every three days. 
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Telephone: 212-605-9776 
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CAPOTEN enhances patients’ quality ot life 
[] CAPOTEN relieves major [L] Use CAPOTEN when 

heart failure symptoms, improves symptoms persist despite digital 
functional capacity. and diuretic therapy. 


ACE INHIBITOR 
APOTEN: SHER 
FAILURE’ 
(captopril tablets) 


YOUR FIRST CHOICE 
AFTER DIGITALIS AND DIURETICS 


* Angiotensin Goldie Enzyme 


TCAPOTEN is indicated in patients with heart Ne o fate not sectioned 
adequately to or cannot be controlled by conventional diuretic and digis: S 


talis therapy. CAPOTEN is to be used with diuretics and digitalis. In using 
CAPOTEN, consideration should be given to the risk of vum rin 
agranulocytosis. Use special precautions in patients ne aired renal 
function, collagen vascular disorders, or those € er drugs 
(e.g. , procainamide) known to affect the white cells or i tate response. 
Evaluation of heart failure patients should always include assessment of 
renal function. See INDICATIONS, WARNINGS, and ADVERSE REACTIONS 
in the brief summary on the adjacent page - 
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|. ment of hypertension. Consideration should be given to the risk of neutropenia/ 
agranulocytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 
= . patients with normal renal function, in whom the risk is relatively low. In patients 
with impaired renal function, particularly those with collagen vascular disease, 
captopril should be reserved for those who have either developed unacceptable side 
e ects on other drugs, or have failed to respond satisfactorily to drug combinations. 
TU — CAPOTEN i is effective alone and in combination with other antihypertensive agents, 
E especially thiazide-type diuretics. 


Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
. have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


- WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (—1000/mm?) with 
. myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
patients developed systemic or oral cavity infections or other features of the syndrome 
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M. of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
a the patient: 
E . In clinical trials in patients with hypertension who have normal renal function 
- (serum creatinine < 1.6 mg/dL and no collagen disease), neutropenia has been seen 
bt . Jin one patient out of over 8,600 exposed. In patients with some degree of renal 
— failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the 
— risk in clinical trials was about 1 per 500. Doses were relatively high in these 
— patients, particularly in view of their diminished renal function. In patients with 


„Siy 


. collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 

~ . impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
- While none of the over 750 patients in formal clinical trials of heart failure 

—. A. developed neutropenia, it has occurred during subsequent clinical experience. Of 

ACH reported cases, about half had serum creatinine = 1.6 mg/dL and more than 75% 

E. received procainamide. In heart failure, it appears that the same risk factors for 
ON neutropenia are present. 





E —Neutropenia has appeared within 3 months f er starting therap associated wib À 


myeloid hypoplasia and frequently accom: by eryth ypo 
_ creased numbers of megakaryocytes (e.g., h c bor 

-~ . anemia and thrombocytopenia were sometime 

Bet to normal in about 2 weeks after captopril wa 

4) were limited to clinically complex patients. A 

— — have ended fatally, but almost all fatalities were 
. collagen vascular disease, renal failure, heat 

s" ora combination of these complicating factors. 


\ Evaluation of the hypertensive or heart | 
b dMaciude assessment of renal function. If ca 
impaired renal function, white blood cell and differe 
prior to starting treatment and at approximately 
then periodically. In patients with collagen vase 
. . other drugs known to affect the white cells or imm 
d _ there is impaired renal function, captopril should be n ti 
. benefit and risk, and then with caution. All patients treated with captopri should be 
pe . told to report any signs of re Ne (e.g., sore throat, fever); if infection is oh aa 
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EC dh 6 months EN or not captopril was continued. The BUN and creatinine 
-were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
by the 8th month of therapy, patients with prior renal disease or those receiving 
$ captopril at doses >150 mg/day should have urinary protein estimates (dip-stick on 
à .  lst morning urine) before therapy, and periodically thereafter. 


á Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
* isa possibility in severely salt/volume-depleted persons such as those treated vigorously 
Hes with diuretics (see PRECAUTIONS [Drug Interactions]). 
i E: = [n heart failure, where blood pressure was either normal or low, transient decreases 
— in mean blood pressure >20% were recorded in about half of the patients. This transient 
.. hypotension may occur after any of the first several doses and is usually well tolerated, 
d Ni | although rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
a should be followed closely for the first 2 weeks of treatment and whenever the dose of 
p. captopril and/or diuretic is increased. 


NW 
vo _ BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
E. THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
. CLOSE MEDICAL SUPERVISION. 


= PRECAUTIONS: General: Impaired Renal Function, Hypertension — Some 

T B T ebericasive patients with renal disease, particularly those with severe renal artery 

stenosis, have developed increases in BUN and serum creatinine. It may be necessary 

. to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 

. normalization of blood pressure and maintenance of adequate renal perfusion may 

US not be possible. Heart Failure — About 20% of patients develop stable elevations of 

E - BUN and serum creatinine >20% above normal or baseline upon long-term treat- 

ment. Less than 5% of patients, generally with severe preexisting renal disease, 

m required discontinuation due to progressively increasing creatinine. See DOSAGE 

AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 

ings]. Valvular Stenosis — A theoretical concern, for risk of decreased coronary perfu- 

— sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
. . que to decreased afterload reduction. 
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Surger y/ Anesthesia — If hypotension occurs during major surgery or anesthesia, and is 
_ A considered due to the effects of captopril, it is correctable by volume expansion. 
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Agents Having Vasodilator Activity — In heart failure patients, vasodilators should 
be administered with caution. 


Agents Causing Renin Release — Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 


Agents Affecting Sympathetic Activity — The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril 
alone or with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive 
effect to captopril, but the overall response is less than additive. Therefore, use agents 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron 
blocking agents) with caution. 


Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium 
supplements only for documented hypokalemia, and then with caution, since they 
may lead to a significant increase of serum potassium. Use potassium-containing salt 
substitutes with caution. 


Inhibitors of Endogenous Prostaglandin Synthesis — Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, espe- 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C — There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, captopril 
should be used during pregnancy only if the potential benefit outweighs the potential 
risk t to the € Wd crosses s the human placenta. 
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T k eris have been reported. 
ogic — Rash (usually m aculopapular, rarely urticarial), often with pruritus 


end sometimes vh Roi an d eosinophilia, in about 4 to 7 of 100 patients (depending 


on renal status and 100: usually during the let 1 weeks of therapy. Prutins, without 
rash, inab i 


T rdia, chest pain, and dalpliations cach in about | of 100 patients. wy gst 
pectoris, myocardial infarction, Raynaud’s syndrome, and congestive heart failure 
each in 2 to 3 of 1000 patients. 


Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (? to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 296 of patients but did not 
appear at increased frequency compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 
depleted or renovascular hypertensive patients. In instances of rapid reduction of 
longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an LV. infusion of normal saline is the treatment of choice for restoration of 
blood pressure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage 
must be individualized; sse DOSAGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in. bottles of 100 
(25 mg also available in bottles of 1000), and in UNIMATIC" single dose packs of 100 
tablets. 

(]3-658C) 


a | Reference: 1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 
MA zs refractory chronic congestive heart failure. J Am Col Cardiol 2:755-763, 1983. 
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CORONARY HEART DISEASE 


f 
M — Differentiation Between Acute and Healed Myocardial Infarction by Signal Averaging and Color 
Encoding Two-Dimensional Echocardiography 


P. ANTHONY N. CHANDRARATNA, RICHARD ULENE, ANANDA NIMALASURIYA, CHERYL L. REID, 
DAVID KAWANISHI, and SHAHBUDIN H. RAHIMTOOLA 


E To evaluate the ability of echocardiography to differentiate between acute and healed myocardial infarction (MI), 
5 gated 2-dimensional echocardiography was performed in 10 patients with recent MI (within 48 hours) and 10 pa- 
tients with healed MI (more than 4 weeks later). The 2-dimensional echocardiographic images were digitized and 
A each digitized videoframe was transmitted to a second computer. Five gated video frames of each patient were 
e£. time averaged. Sixty-four colors indicated pixel intensity. The exact pixel value at any given location was deter- 
^ mined using a light pen. There was no significant difference in color or pixel values between the area of acute 
MI (pixel intensity 23 + 3, mean + standard deviation) and the adjacent normal muscle (23 + 4). In each patient 
with healed MI, an increase in color intensity and pixel value (43 + 6) was seen in the area of MI compared with 
adjacent normal muscle (23 + 2) (p <0.001). Our preliminary data in selected patients indicate that this tech- 
nique enables differentiation between acute and healed MI. 


|4 Effect of Ventricular Fibrillation Complicating Acute Myocardial Infarction on Long-Term Prognosis: 
| Importance of the Site of Infarction 


PETER J. SCHWARTZ, ANTONIO ZAZA, SERGIO GRAZI, MICHELE LOMBARDO, ANTONIO LOTTO, 
CINZIA SBRESSA, and PAOLA ZAPPA 


A case-control study was performed in 250 patients after acute myocardial infarction (AMI) (140 with anterior 
AMI, 110 with inferior AMI), all discharged alive. The cases were characterized by having had ventricular fibrilla- 
x tion (VF) during AMI; the controls did not have this complication. Cases and controls were matched for sex, age, 
site of AMI, coronary care unit and epoch of AMI. The average follow-up was 59 months and no patient was 
being treated with -blocking drugs. For patients with inferior AMI, the occurrence of VF did not significantly 
modify the prognosis; the 5-year cumulative mortality for the group with uncomplicated AMI (6%, 11%, 13%, 
P 1396 and 13%) was similar to that of the group with VF (6%, 1196, 2096, 20% and 26%). In contrast, the cu- 
v mulative mortality for the patients with anterior AMI without VF (996, 1396, 1796, 2796 and 2996) was signifi- 
^J cantly (p <0.005) lower than that of patients with anterior AMI complicated by VF (32%, 40%, 46%, 49% and 
5496). Thus, the occurrence of VF in patients with anterior AMI severely modifies the long-term prognosis and 
identifies a subgroup at high risk of sudden death. 


10 Coronary Artery Dilation and Hemodynamic Responses After Isosorbide Dinitrate Therapy in Patients 
| with Coronary Artery Disease 


RODNEY S. BADGER, B. GREG BROWN, CHRISTIAN A. GALLERY, EDWARD L. BOLSON, and 
HAROLD T. DODGE 


The response to sublingual isosorbide dinitrate (ISDN) was studied in 10 men with suspected coronary artery dis- 
ease. ISDN, 5 or 10 mg, was given, followed by sequential coronary arteriograms and hemodynamic measure- 
ments over 30 minutes. A 53% reduction in pulmonary capillary wedge pressure and a 15% decrease in sys- 
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ORMODYN 
Tablets (labetalol HCI) 


Beyond beta blockers-also acts as a 
vasodilator to lower blood pressure. 


eyond vasodilators- acts as a beta 
blocker to blunt excessive cardiac 
response to exercise in hypertensives. 





Please see brief summary of prescribing 
i ng page. 


information on following pag 
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USAGE 
(labealol HCI) fables: are indicated in be. man- 
of hypertension. NORMODYNE Tablets may be used alone or 
ination with other antihypertensive agents, especially thiazide 


diuretics. 


AINDICATIONS 

RMODYN E (labetalol HCl) Tablets are contraindicated in bron- 
ria Lasthma, overt cardiac failure, greater than first degree heart block, 

a enic shock, and severe bradycardia (see WA. ) 


NINGS 
9 ardiac Failure Sympathetic stimulation is a vital component sup- 
ort irculatory function in Googie heart failure. Beta blockade 
Ties ies a potential hazard of further depressing myocardial Ves dri 
ipitating more severe failure. Although beta-blockers should 
in overt congestive heart failure, if necessary, labetalol HCl can 
- with. caution in patients with a history of heart failure who are 
ell-com ited. ore heart failure has been observed in 
at ean fece receiving labetalol HCI. Labetalol HCI does not abolish the 
otr ‘ion of digitalis on heart muscle. 
s Without a History of Cardiac Failure In patients with latent 
1 oth continued depression of the myocardium with 
ing agents over a period of time can, in some cases, lead to 
At the first sign or symptom of impending cardiac fail- 
ienes should be fully digitalized and/or be given a diuretic, and 
s closely. If cardiac failure continues, despite ade- 
ilizarion and diuretic, NORMODYNE (labetalol HCl) 
ould be withdrawn (gradually if possible). 
bation of Ischemic Heart Disease fos ba ER Withdrawal 
ctoris has not been reporged upon labetalol HCI discontinua- 
rever, hypersensitivity to catecholamines has been observed in 
ithdrawn from beta-blocker therapy; exacerbation of angina 
cases, myocardial infarction have occurred after abrupt dis- 
such therapy. When discontinuing chronically adminis- 
/ ODYNE (labetalol nh rticularly in patients with 
ar A s dosage should be gradually reduced over a 
: ie to tro Me ks and the patient should be carefully moni- 
orsens or acute coronary insufficiency devel- 
ps, NORMODYNE YNE (laketelel HCI adtsiniecocs should be 
4 sti bern promptly, at least temporarily, and other measures appropri- 
management of unstable angina should be taken. Patients 
dbe w against interruption or discontinuation of therapy 
v: jus the pope s parje, = Because coronary artery disease is com- 
o1 may be prudent not to discontinue 
DRMODINE, ti HC HCl) ps abruptly even in patients 
reated only for hypertension. 
n ospasm (e.g., chronic bronchitis and emphy- 
ma) Patients with bronchospastic disease should, in general, not 
è beta-blockers. NORMODYNE may be used with caution, how- 
ri | patients who do not respond to, or cannot tolerate, other 
hypertensive agents. It is prudent, if NORMODYNE is used, to use 
e smallest effective dose, so that inhibition of endogenous or exoge- 
lou! epson is minimized. 
toma Labetalol HCI has been shown to be effective in 
ig the blood pressure and relieving symptoms in patients with 
Sonos However, paradoxical hypertensive responses have 
yrted in a few patients with this tumor; therefore, use caution 
j mens labetalol HCI to patients with pheochromocytoma. 
betes Mellitus and Hypoglycemia Beta-adrenergic blockade may 
the appearance of premonitory signs and symptoms (e. Fi , tachy- 
) of acute bypoe! emia. This is especially important with labile 
ics. Beta-bloc also reduces the release of insulin in response to 
ycemia; it may therefore be necessary to adjust the dose of anti- 


jo "Surgery The necessity or desirability of withdrawing beta- 

1g therapy prior to major surgery is controversial. Protracted 

hypotension and difficulty in restarting or maintaining a heart 
ve been reported with beta-blockers. The effect of labetalol 

alpha- adrenergic activity has not been evaluated in this setting. 

ynergism between labetalol HCI and halothane anesthesia has 

own (see Drug Interactions). 


nz ace (bork hepatic ex cholestatic). It is 

Aeneid at treatment with labetalol HCI be stopped 
s should a patient develop jaundice or laboratory evidence of 

jury. . Both have been shown to be reversible on stopping therapy. 


activity, certain advice to 
l is warranted. This information 


m d a Kia dt at any sign of senden arden 
ai lso, transient scalp tingling may occur, usually when treat- 

Es NORMODYNE Tablets is initiated (see ADVERSE 
REACTIONS). 


wit th any new drug given over prolonged periods, laboratory 
A be observed over regular intervals. In patients with 
itant illnesses, such as impaired renal function, appropriate tests 
be done to monitor these conditions. 
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s tic or high p performance rmance liqu 
phy assay sls ena be used to determine levels of catechol- 
amines or their metabolites. 
Carcinogenesis, Mutagenesis, Impairment 

Long-term oral dosing studies with onale Hore 18 months in 
mice and for 2 years in rats showed no evidence of carcinogenesis. 
Studies with labetalol HCI, using dominant lethal ay in rats and 
mice, and exposing microorganisms according to modified Ames tests, 
showed no evidence of "pci 


Progueney Category 

ratogenic ears have been performed with labetalol in rats and 
rabbits at oral doses up to approximately 6 and 4 times the maximum 
recommended human dose (MRHD), respectively. jr reproducible evi- 
dence of fetal malformations was Wii di Increases eral reso tions 
were seen in both species at doses approximating MIN ere are 
no adequate nie well-controlled studies in pregnant patio Een 
should pregnancy only if the potential benefit justifies the 
potential risk to die etus. 


Nonteratogenic Effects 

Infants of mothers who were treated with labetalol HCI for hyper- 
tension during pregnancy did not appes to be adversely affected by the 
drug. administration of labetalol to rats during late gestation 
through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 
Labor and Delivery 

Labetalol HCl» given to pregnant women with hypertension did not 
appear to affect the usual course of labor and delivery. 
Nursing Mothers 

Small amounts of labetalol (approximately 0.004% of the maternal 
dose) are excreted in human milk. Caution should be exercised when 
NORMODYNE Tablets are administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 


Most adverse effects are mild, transient and occur early in the course 
of treatment. In controlled clinical trials of 3 to 4 months duration, dis- 
continuation of NORMODYNE (labetalol HCl) Tablets due to one or 
more adverse effects was required in 7% of all patients. In these same 
trials, beta-blocker control agents led to discontinuation in 8 to 10% of 
patients, and a centrally acting alpha-agonist in 30% of patients. 

e incidence rates of adverse reactions listed in the following table 
were derived from multicenter controlled clinical trials, comparing labe- 
talol HCI, placebo, metoprolol and propranolol, over treatment periods 
of 3 and 4 months. Where the frequency of adverse effects for labetalol 
HCl and placebo is similar, causal relationship is uncertain. The rates 
are based on adverse reactions considered probably drug-related by the 
investigator. If all reports are considered, t N rates are somewhat higher 
(e.g., dizziness 20%, nausea 14%, fatigue 11%), but the overall conclu- 
sions are unchanged. 
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Labetalol HCl Placebo Metoprolol 
(N=227) (N=98) "Ne = (N=49) 
% % % 
Body as a whole 
atigue 5 0 12 12 
asthenia l I l 0 
headache l l 2 
Gastrointestinal 
nausea 6 l l 2 
vomiting <l 0 0 0 
x epsia 3 l l 0 
ominal pain 0 0 l 2 
dicebas «I 0 2 0 
taste distortion l 0 0 0 
Central and Peripheral Dope Systems 
dizziness 3 4 4 
paresthesias < 0 0 0 
drowsiness <l 2 2 2 
Autonomic Nervous System 
nasal stuffiness 3 0 0 0 
ejaculation failure 2 0 0 0 
impotence l 0 | 3 
increased sweating <1 0 0 0 
Catoriecyat 
l 0 0 0 
aueh hypotension 1 0 0 0 
Et céntin 0 0 5 12 
Respiratory 
aon 2 0 1 2 
Skin 
rash 1 0 0 0 
Special Senses 
vision abnormality 1 0 0 0 
vertigo 1 0 0 


The'adverse effects were reported spontaneously and are represen- 
tative of the incidence of adverse effects that may be observed in a 
properly selected hypertensive patient population, i.e., a group exclud- 
ing patients with bronchospastic disease, overt congestive heart failure, 
or other contraindications to beta-blocker therapy. 

Clinical trials also included studies utilizing daily doses u 
2400 mg in more severely hypertensive patients. Certain of : P 
effects increased with increasing dose as shown in the table below which 
depicts the entire U.S. therapeutic trials data base for adverse reactions 
that are clearly or possibly dose related. 


ug Interactions Labetalol HCI 
In one survey, 2.3% of patients takiog labetalol HCI in combination MM (mg) 200 300 400 600 
sth icyclic antidepressants Piperiencd tremor as compared to Ps eO 522 181 606 608 
d to occur with labetalol HCI alone. The contribution dh each of Di iness (% 3 3 3 
he treatments | to this adverse reaction is unknown but the possibility of zziness (%) ) i 4 4 
drug interaction cannot be excluded. ME <i 0 i 2 
| gs possessing beta-blocking properties can blunt the bronchodila- Vomith 0 Q <1 <1 
effect of beta-receptor agonist drugs in patients with bronchospasm; mung i 0 2 i 
; , doses p ter an the Fée sie éitbiatic dose of beta- Dyspe M 2 0 3 2 
ilator s may be requir 
etidine has been shown to increase the bioavailability of labeta- Nasal Sufines . ; : $ 
Since this could be explained either by enhanced absorption or l jepuanion PANE l 1 i l 
tic metabolism of labetalol HCI, special care EERE i 0 i i 
h in establishing the dose required for blood pressure con- me 
J ir ET patients. Labetalol HCI 
Synergism has been shown between halothane anesthesia and Daily Dose (mg) 800 900 1200 1600 2400 
us istered labetalol HCl. During controlled hypoten- Number of — l 
sia using labetalol HCI in association TER akauni, high i eae p? 03 Hp 231 242 175 
ons (3% or above) of halothane should not be used because Dizziness (%) — — MCN j T SEA EST 
ypotension will be increased and because of the p sibility Fatigue —  — EA. 3 Yigg, Aaa E OR . 10 
tion in cardiac output increase in centra venous Nausea 4.4 0 + p m p vk 
e anesth MERLO informed patient is | LEER EID o 2 
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usually occurred at the beginning of treatment. 
Collagen Disorder. 


er 
s Systemic lupus erythematosus; positive antinu- 


der factor (ANF). 
Eyes Dry eyes. 
peeps ical “pecs Antimitochondrial antibodies. 
stem Cholestasis with or without jaundice. 
vni irat wa stem Muscle cramps; toxic myopathy. 
recen System Bono AP: 

Skin and Appendages Rashes of various types, such as generalized 
maculo-papular; lichenoid; urticarial; bullous lichen planus; psoriaform; 
facial erythema; Peyronie's disease; reversible alopecia. 

Urinary System Difficulty in micturition, including acute urinary 
bladder retention. 

Following approval for marketing in the United Kingdom, a 
monitored release survey involving approximately 6,800 patients was 
conducted for further safety and efficacy evaluation of this product. 
Results of this survey indicate that the type, severity, and incidence of 
adverse effects were comparable to those cited above. 

Potential Adverse Effects 

In addition, other adverse effects not listed uewe have been 
reported with other beta-adrenergic blocking 

Central Nervous System Reversible mental ba progressing to. 
catatonia; an acute reversible syndrome characterized by disorientation 
" time and place, short-term memory loss, emotional lability, slightly 

ed sensorium, and decreased performance on neuropsychometrics. 
Cardiovascular Intensification of AV block. See 
CONTRAINDICATIONS. 

Allergic Fever combined with aching and sore throat; laryngospasm; 
respiratory distress. 

Agranulocytosis; thrombocytopenic or nonthrom- 
bocytopenic purpura. 

Gastrointestinal Mesenteric artery thrombosis; ischemic colitis. 

The oculomucocutaneous syndrome associated with the beta-blocker 
practolol has not been reported with labetalol HCl. 

Clinical laboratory tests: There have been reversible increases of 
serum transaminases in 4% of patients treated with labetalol HCI and 
tested, and more rarely, reversible increases in blood urea. 


OVERDOSAGE 

Overdosage with NORMODYNE (labetalol HCI) Tablets causes 
excessive hypotension which is posture sensitive, and sometimes, exces- 
sive bradycardia. Patients should be laid supine and their legs raised if 
necessary to improve the blood supply to the brain. The following addi- 
tional measures should be Bie jae, if necessary: Excessive bradycardia — 
administer atropine (3.0 mg). If there is no gp to vagal blockade, 
administer isoproterenol cautiously. Cardiac — administer a digi- 
talis glycoside and a diuretic. Hypotension — ce vasopressors, 
e.g., norepinephrine. There is pharmacological evidence that norepine-. 
phrine may be the drug of choice. Bronchospasm — administer a betaz- 
stimulating agent and/or a theophylline preparation. 

Gastric lavage or pharmacologically induced emesis (using syrup of 


ipecac) is useful for removal of the drug shortly after ingestion. Labetalol — 


HCI can be removed from the general circulation by hemodialysis. 

The oral LDso value of labetalol HCl in the mouse is approximately 
600 mg/kg and in the rat is greater than 2 gm/kg. The intravenous LD50 
in these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION 

DOSAGE EST BE INDIVIDUALIZED. The recommended ini- 
tial dose is 100 mg twice daily whether used alone or added to a diuretic 
regimen. After 2 or 3 days, using standing blood pressure as an indicator, 
dosage may be titrated in increments of 100 mg bid every 2 or 3 days. 
ia cs dosage of labetalol HCI is between 200 and 


ros m full anhepénenive effect of labetalol HCI is usually seen 
within the first one to three hours of the initial dose or dose increment, 
the assurance of a lack of an exaggerated hypotensive response can be 
clinically established in the office setting. The antihypertensive effects 
of continued dosing can be measured at subsequent visits, approximately 
12 hours after a dose, to determine whether further titration is necessary. 

Patients with severe hypertension may require from 1200 mg to 
(dom mg per day, with or without thiazide diuretics. Should side effects 
Mprinctga ly nausea or dizziness) occur with these doses administered bid, 

e same total daily dose administered tid may improve tolerability and 

facilitate further titration. Titration increments should not exceed 


When 2 a diuretic is added, an additive antihypertensive effect can be 
expected. In some cases this may necessitate a labetalol HCI dosage 
adjustment. As with most antihypertensive drugs, optimal dosages of 
^ RMODYNE Tablets are usual iv lower' in patients also receiving a 

iuretic. 

When transferring patients from other antihypertensive drugs, 
NORMODYNE Tablets should be introduced as recommended and the 
dosage of the existing therapy progressively decreased. 


HOW SUPPLIED 

NORMODYNE (labetalol HCl) Tablets, 100 mg, light-brown, 
round, scored, film-coated tablets engraved on one side with Schering 
and product identification numbers 244, and on the other side the num- 
ber 100 for the ee and "NORMODYNE"; bottles of 100 (NDC 
0085- M 04), 500 (NDC-0085-0244-05), and box of 100 for unit- dote 

ng (NDC-0085-0244-08). 

NORMODYNE (labetalol HCl) Tablets, g, white, round, 
scored, film-coated tablets engraved on one side with Schering and 

roduct Venisicapon numbers 752, and on the other side the num 

00 for the by and "NORMODYNE"; bottles of 100 (NDC- 
0085-0752-04), 500 (NDC-0085-0752-05), ' box of 100 for unit-dose 
cepini NBO 0085-0752-08), and Patient Calendar Package of 
56 (4 bottles of 14 tablets) (NDC-0085-0752-03). 

NORMODYNE (labetalol HCI) Tablets, 300 mg, blue, round, film- 
coated tablets engraved on one side with Schering and podiet identi- 
faon numbers 438, and on the other side the number 300 for the 

h and “NORMODYNE”; bottles of 100 (NDC-0085- 0438-03), 
500 { DC-0085-0438-05), box ‘of 100 for unit-dose dispensing (NDC- 
0085-0438-06), and Patient Calendar Package of 56 (4 boric of 14 
tablets) Era -0085-0438-0 


2). E 
YNE (labetalol HCI) Tablets should be stored between 


2d 30°C (36° and 86°F). 
NORMODYNE (labetalol HCI) Tablets in the coh te boxes 
should be protected from excessive meliar; 
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*ü addition, a neue of diria tout adverse events shave a 
Beet reported in clinical trials or the literature: Ae 
Cardiovascular Postural hypotension, including rarely, syncope. CU 
Central and Peripheral Nervous Systems Paresthesias, most cae afar A 
described as scalp tingling. In most cases, it was mild, transientand — 3 
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what you're reading, 
you'll love 








.. whatyou’ll be watching 


The American Journal of Cardiology does more than just print the best in 
authoritative articles on cardiovascular treatment. Now it puts them on video- 
tape. And the introductory videocassette is yours. Free. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC Video Report will 
feature lively, highly-visualized discussions with noted cardiovascular spe- 
cialists and authors of the most important articles appearing each month in The 
American Journal of Cardiology. And it will extend the utility of the articles by 
exploring their application in clinical practice. 

The introductory, 45-minute videocassette will feature special quest Donald 
C. Harrison, MD, and guest authors discussing three important topics: 


c Analysis of spontaneous variability of ventricular arrhythmias: consecutive 
ambulatory ECG recordings of 110 patients with ventricular tachycardia; 


C Doppler diagnosis of valvular aortic stenosis in patients over 60 years of 
age; and 

C Routine preoperative exercise testing in patients undergoing major non- 
cardiac surgery. 
AJC Video Report will be produced on a regular basis starting this Fall. 
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To order your free, introductory videocassette, just complete this coupon 
and send it to: Joyce Sturges, AJC Video Report, The Yorke Medical Group, 
875 Third Avenue, New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, so act now. C1S 
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J. B. Lippincott Company 

The Health Professions Publisher of 

Harper & Row, Inc. 

P.0. Box 1630, Hagerstown, MD 21741 

Send me for 30 days’ On-Approval Examination 

C]... copy(ies) of How to Quickly and 
Accurately Master ECG Interpretation 
(65-08311) @ $19.75 each. 


Name = i 








Address 


City / State / 
ip 








C Payment enclosed* (save postage & handling) 
(3 Bill me (plus postage & handling) 

© MasterCard (J VISA 

C CHOICE 


LL eae 3 


Charge it 
|] American Express 
Eo dq EE I 
Expiration Date : 
*The law requires that we collect state sales taxes where 
applicable. Please include the prescribed amount with 
payment. Prices quoted in U.S. funds and subject to 
change. Orders subject to the approval of Lippincott. 


Also available at your medical bookstore. 
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quinidine gluconate 


— Continuous arrhythmia control 

— Well tolerated in long-term therapy’ 

— Less GI upset than with quinidine sulfate’ 
— B.1.D.* dosage for uninterrupted protection 


Start the oral agent he can live with 


*Some patients may require more frequent (t.i.d.) dosing 
Please turn page for brief summary of prescribing information. 


References: 1. Selzer A: Heart Lung 1982;11:20-23. 
2. Podrid P: Patient Care 1981;15:100-132. 













hronic and paroxysmal), — —— 

E" NS: 1 Idiosyncrasy or hypersensitivity to quinidine. 

2 Complete A-V block. 3. Complete bundle branch block or other severe 
intraventricular conduction defects. especially those exhibiting a marked 

- grade of QRS widening 4 Digitalis intoxication manifested by A-V 

Conduction disorders. 5. Myasthenia gravis 6. Aberrant impulses and 

abnormal om due to escape mechanisms 

"WARNINGS: 1. In the treatment of atrial flutter. reversion to sinus rhythm 

“May be preceded uction i 

-11 ralio resulting in an extremely rapid ventricular rate. This possible 


- hazard may be reduced by digitalization prior to administration of quinidine 
2. Recent reports indicate that plasma concentrations of digoxin increase 


arrhythmias: 
canbe atrial fibrillation (chronic and 
TRAINDI 


“on concomitant therapy should be carefully monitored Reduction of 
digoxin dosage may have to be considered 

3, Manifestations of quinidine ct Such as excessive prolonga- 
tion of the Q-T interval. widening of the QRS complex and ventricular 
lachyarrhythmias mandate immediate discontinuation of the drug and/or 
Close Clinical and electrocardiographic monitoring 

NEn usceplivie individuals, such as those with marginally compensated 
born 


(diovascular disease, quinidine may produce clinically important depres- 


Sion of cardiac function such as hypotension, bradycardia, or heartblock 
"Quinidine therapy should be carefully monitored in such individuals 
- Quinidine should be used with extreme caution in patients with incom- 
„plete A-V block since complete block and asystole may be produced 


inidine may cause abnormalilies of cardiac rhythm in digitalized patients 


ind therefore should be used with caution in the presence of digitalis 
‘intoxication. 6 Quinidine should be used with caution in patients 
exhibiting renal, cardiac or hepatic insufficiency because of potential 
accumulation of quinidine in plasma leading to toxicity 
T. Patients taking quinidine occasionally have syncopal episodes which 
„usually result from ventricular tachycardia or fibrillation This syndrome 
‘has not been shown to be related to dose or plasma levels. Syncopal 
episodes frequently terminate spontaneously or in response to treatment, 
but sometimes are fatal 

- A few cases of hepatotoxicity, including granulomatous hepatitis, due to 
ete hypersensitivity have been reported in patients taking quinidine 
‘Unexplained lever and/or elevation of hepatic enzymes. particularly in the 
"early stages of therapy. warrant consideration of possible hepatotoxicity 
‘Monitoring liver function during the first 4-8 weeks should be considered 
‘Cessation of quinidine in these cases usually results in the disappearance 


Of toxicity 
‘PRECAUTIONS: General: The precautions to be observed include all 
‘those applicable to quinidine. A preliminary test dose of a single tablet of 
quinidine sulfate may be administered to determine if the patient has an 
ees to quinidine Hypersensitivity to quinidine, although rare. 
‘should constantly be considered. especially during the first weeks of therapy 
Hospitalization for close clinical observation. electtocardiographic monitor- 
ing, and possible determination of plasma quinidine levels is indicated 
when large doses are used, or with patients who present an increased risk 
Information for Patients: As with all solid oral medications, Quinaglute 

inidine gluconale) Dura-Tabs (sustained-release tablets) should be 

with an adequate amount of fluid. preferably in an upright position, 

to facilitate devi. 
Drug Interactions: Drug Effect 
Er with anticholinergic drugs Additive vagolytic effect 


Quinidine with cholinergic drugs Antagonism of cholinergic effects 


Quinidine with carbonic anhydrase — Alkalinizalion of urine 
inhibitors, sodium bicarbonate resulting in decreased 


thiazide diuretics excretion of quinidine 

Quinidine with coumarin Reduction of clotting factor 

anticoagulants concentrations 

Quinidine with tubocurare. Potentiation of neuro- 

Succinylcholine and decamethonium muscular blockade 

Quinidine with phenothiazines Additive cardiac depressive 

and reserpine elfects 

Quinidine with hepatic enzyme- Decreased plasma half-life 
nducing es (phenobarbital, of quinidine 

phenytoin, rifampin) 

Quinidine with digoxin Increased plasma concentra- 


we lions of digoxin (see WARNINGS) 
Carcinogenesis, Mutagenesis and Impairment of Fertility: Long- 
erm studies in animals have not been performed to evaluate the 
carcinogenic potential of quinidine. There is currently no evidence of 
uinidine-induced mutagenesis or impairment of fertility 
Incy: Teratogenic Effects: Pregnancy Category C Animal reproduc- 
tion studies have not been conducted with quinidine. There are no adequate 
and well-controlled studies in pregnant women. Quinaglute (quinidine 
gluconate) Dura- Tabs should be given to a pregnant woman only if clearly 
beded. Nonteratogenic Effects. Like quinine, quinidine has been reported 
lo have oxytocic properties. The significance of this property in the clinical 
selling has not been established 
Nursing Mothers: Caution should be exercised when Quinaglule 
(quinidine gluconate) Dura- Tabs are administered to a nursing woman due 
Passage of the drug into breast milk 
Ped Use: There are no adequate and well-controlled studies 
Slablishing the safety and effectiveness of Quinaglute (quinidine gluco- 
Dura-Tabs in children 
IDVERSE REACTIONS: Symptoms of cinchonism, ringing in ears, 
Yeadache, nausea, and/or disturbed vision may appear in sensitive patients 
after a Single dose of the drug. The most frequently encountered side 
E lo quinidine are gastrointestinal in nature These gastrointestinal 
flecis include nausea, vomiting. abdominal pain and diarrhea 
Less frequently encountered adverse reactions: 
Cardiovascular: Widening of QRS complex, cardiac asystole, ventricular 
spit boats. idioventricular rhythms including ventricular tachycardia and 
ibrillation, paradoxical tachycardia, arterial embolism and hypotension 
Hematologic: Acute hemolytic anemia. hypoprothrombinemia, throm- 
yocytopenia (purpura), agranulocytosis 
zentral Nervous System: Headache. fever, vertigo. apprehension. 
ixcitement, confusion, delirium and syncope, disturbed hearing (tinnitus, 
eC auditory acuity), disturbed vision (mydriasis, blurred vision, 
lislurbed color perception, reduced vision field. photophobia, diplopia. 
light blindness, scotomata), optic neuritis 
Jermatologic: Rash, cutaneous flushing with intense pruritus. urticaria 
*holosensitivity has also been reported 
dypersensitivity Reactions: Angioedema. acute asthmatic episode. 
ascular collapse. respiratory arrest, hepatic toxicity, including gran- 
ilomatous hepatitis (see WARNINGS) Although extremely rare. there have 
Iso been reports of lupus erythematosus in patients taking quinidine. A 
Osilive association with quinidine therapy has not been established. 
'ee package insert for full information. 


9) Berlex Laboratories, Inc., 1985. All rights reserved. 
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This valuable new clinical reference provides a detailed update on many aspects of 
mechanical heart valve prostheses, including hemodynamics, clinical results, results in 
children, non-invasive assessments, special indications, and implant techniques. Each 
topic is presented in an easily understood style and format which facilitate the com- 
prehension of recent developments in heart valve replacement for the busy clinician. 

Each chapter is written by internationally respected physicians and medical scientists 
each of whom is pre-eminent in his field. All of the information has been co-ordinated 


by Dr. DeBakey to produce a very readable and informative volume on the state-of-the- 


art of heart valve replacement with mechanical prostheses. No cardiologist, cardio- 
vascular surgeon, internist, or bioengineer can afford not to be knowledgeable about 


the information in this book. 
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Life Adaptation After Percutaneous Transluminal Coronary Angioplasty and Coronary Artery Bypass 
Grafting 


Percutaneous Transluminal Coronary Angioplasty After Previous Coronary Artery Bypass Surgery 


Frequency of Intracoronary Filling Defects by Angiography in Angina Pectoris at Rest 
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temic and pulmonic vascular resistance was observed, with a net 13% decrease in cardiac output and 20% de- — 
crease in mean arterial pressure. Quantitative arteriography showed dilation of both normal and diseased coro- — 
nary arterial segments. Luminal area in normal epicardial arteries—small, 1 to 4 mm?; medium, 4 to 8 mm?; _ ks 
large, more than 8 mm?—dilated by 5596, 2996, and 1696 respectively, at 10 minutes. Minimum area in dis- TOM 
eased epicardial stenoses (5096 or more stenosis) dilated 51% at 10 minutes. Estimated stenosis resistance — 
decreased 40%. These responses occurred within 3 minutes after ISDN, peaked at 10 minutes, and persisted — 
unchanged for the remaining 20 minutes. This dilation with ISDN is the maximum observed with any coronary — 
vasodilating drug. ME 


DAVID RAFT, DAPHNE C. McKEE, KENNETH A. POPIO, and JOHN J. HAGGERTY, Jr. 


Psychosocial functioning of patients who had undergone percutaneous transluminal coronary angioplasty z: 
(PTCA) for coronary stenosis was compared with that of patients who had undergone coronary artery bypass br 
grafting (CABG). Patients in the PTCA group functioned significantly better 6 months after the procedure in sev- — 
eral domains (work, family life and sexual performance) than patients in the CABG group. Differences between 
groups disappeared except for work domain. PTCA patients continued to have significantly better functioning 
in this area. 


JOHN CORBELLI, IRVING FRANCO, JAY HOLLMAN, CONRAD SIMPFENDORFER, and 
KATHERINE GALAN 


To improve symptomatic status and avoid repeat coronary artery bypass graft surgery (CABG), 115 lesions were —— 
approached for percutaneous transluminal coronary angioplasty (PTCA) in 94 patients (82 men and 12 women) NW 
with angina pectoris and prior CABG at a mean of 60 months (range 4 to 192) after CABG. PTCA was successful = 
(at least 40% reduction in stenosis diameter and improvement in symptomatic status) in 83 patients (8896) and ^ M 
103 lesions (9096). Mean stenosis was reduced from 80 + 14% to 20 + 696 (mean + standard deviation) and E 
mean pressure gradient from 41 + 7 mm Hg to 14 + 6 mm Hg. At a mean follow-up of 8 + 4 months, 63 patients _ m 
(76%) in whom PTCA was initially successful were free of angina or in improved condition. Of the remaining 20 Be. 
patients in whom it was initially successful, 18 consented to repeat coronary angiography. Four patients didnot — 
have restenosis. Of the 14 patients with documented restenosis, 5 underwent successful repeat PTCA, 5hadre- — 
peat CABG, and 4 were treated medically. Thus, when the coronary anatomy is suitable, PTCA is an effective al- 
ternative to reoperation in symptomatic patients who have previously undergone CABG. 


GAETANO CAPONE, NELSON M. WOLF, BENJAMIN MEYER, and STEVEN G. MEISTER 


Recent reports have documented the occurrence of intracoronary thrombus in patients with unstable angina 
pectoris. Previous estimates of the frequency of intracoronary thrombus in unstable angina have not related this 
to how recent the symptoms at rest were. We surveyed angiograms of 119 consecutive patients with unstable f 
angina and 35 patients with stable angina. Patients with unstable angina were grouped according to whether an- 1 
gina at rest occurred within 0 to 24 hours (group |) or 1 to 14 days (group I!) before angiography. The criterion for Rt. 
intracoronary thrombus was presence of an intraluminal filling defect just beyond or within a stenosis on blinded — . E 

E 









independent review by 2 angiographers. Intracoronary thrombi were found in 44 of 11 tients (37 % ) with un- 
stable angina and 0 of 35 with stable angina (group Ill) (p 0.00002). Intracoronary ombi were found in 23 of 
44 patients (52%) in group | and 21 of 75 (28%) in group II (p <0.008). Thus, intrac 'oRary thrombus is'common 
in unstable angina, particularly when angiography is performed soon after angina at rest. 
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Apresoline® hydrochloride 
hydralazine hydrochloride USP 
Tablets 


BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT.) 


INDICATIONS AND USAGE 
Essential hypertension, alone or as an adjunct. 


CONTRAINDICATIONS 


Hypersensitivity to hydralazine; coronary artery disease; mitral valvular rheu- 


matic heart disease. 


WARNINGS 

In a few patients hydralazine may produce a clinical picture simulating sys- 
temic lupus erythematosus including glomerulonephritis. In such patients 
hydralazine should be discontinued unless the benefit-to-risk determination 
requires continued antihypertensive therapy with this drug. Symptoms and 
Signs usually regress when the drug is discontinued but residua have been 
detected many years later. Long-term treatment with steroids may be neces- 
sary. (See PRECAUTIONS, Laboratory Tests.) 


PRECAUTIONS 

General: Myocardial stimulation produced by Apresoline can cause anginal 
attacks and ECG changes of myocardial ischemia. The drug has been im- 
plicated in the production of myocardial infarction. It must, therefore, be 
used with caution in patients with suspected coronary artery disease. 

The “‘hyperdynamic”’ circulation caused by Apresoline may accentuate 
specific cardiovascular inadequacies. For example, Apresoline may increase 
pulmonary artery pressure in patients with mitral valvular disease. The drug 
may reduce the pressor responses to epinephrine. Postural hypotension may 
result from Apresoline but is less common than with ganglionic blocking 
agents. It should be used with caution in patients with cerebral vascular 
accidents. 

In hypertensive patients with normal kidneys who are treated with 
Apresoline, there is evidence of increased renal blood flow and a mainte- 
nance of glomerular filtration rate. In some instances where control val- 
ues were below normal, improved renal function has been noted after ad- 
ministration of Apresoline. However, as with any antihypertensive agent, 
Apresoline should be used with caution in patients with advanced renal 
damage. 

Peripheral neuritis, evidenced by paresthesia, numbness, and tingling, 
has been observed. Published evidence suggests an antipyridoxine effect, 
and that pyridoxine should be added to the regimen if symptoms develop. 

The Apresoline tablets (100 mg) contain FD&C Yellow No. 5 (tartrazine), 
which may cause allergic-type reactions (including bronchial asthma) in 
certain susceptible individuals. Although the overall incidence of FD&C 
Yellow No. 5 (tartrazine) sensitivity in the general population is low, it is 
frequently seen in patients who are also hypersensitive to aspirin. 


Information for Patients: Patients should be informed of possible side 
effects and advised to take the medication regularly and continuously as 
directed. 

Laboratory Tests: Complete blood counts and antinuclear antibody titer 
determinations are indicated before and periodically during prolonged 
therapy with hydralazine even though the patient is asymptomatic. These 
studies are also indicated if the patient develops arthralgia, fever, chest 
pain, continued malaise, or other unexplained signs or symptoms. 

A positive antinuclear antibody titer requires that the physician carefully 
weigh the implications of the test results against the benefits to be derived 
from antihypertensive therapy with hydralazine. 

Blood dyscrasias, consisting of reduction in hemoglobin and red cell 
count, leukopenia, agranulocytosis, and purpura, have been reported. If such 
abnormalities develop, therapy should be discontinued. 

Drug/Drug Interactions: MAO inhibitors should be used with caution in 
patients receiving hydralazine. 

When other potent parenteral antihypertensive drugs, such as diazoxide, 
are used in combination with hydralazine, patients should be continuously 
observed for several hours for any excessive fall in blood pressure. Profound 
hypotensive episodes may occur when diazoxide injection and Apresoline are 
used concomitantly. 

Drug/Food Interactions: Administration of hydralazine with food results in 
higher plasma levels. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: In a lifetime study 
in Swiss albino mice, there was a statistically significant increase in the 
incidence of lung tumors (adenomas and adenocarcinomas) of both male 
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and female mice given hydralazine continuously in their drinking waterata insufficient to arrive at any conclusions. Common: Headache, anorexia, nausea, vomiting, diarrhea, palpitations, 
dosage of about 250 mg/kg per day (about 80 times the maximum recom - Pregnancy Category C: Animal studies indicate that hydralazine is tera- tachycardia, angina pectoris. = 4i 
mended human dose). In a 2-year carcinogenicity study of rats given hydral- — togenic in mice at 20-30 times the maximum daily human dose of 200- Less Frequent: Digestive: constipation, paralytic ileus. 
azine by gavage at dose levels of 15, 30, and 60 mg/kg/day (approximately 300 mg and possibly in rabbits at 10-15 times the maximum daily human Cardiovascular: hypotension, paradoxical pressor response, edema. 
5 to 20 times the recommended human daily dosage), microscopic examina- ^ dose, but that it is nonteratogenic in rats. Teratogenic effects observed were Respiratory: dyspnea. — , 
tion of the liver revealed a small, but statistically significant, increase in cleft palate and malformations of facial and cranial bones. Neurologic: peripheral neuritis, evidenced by paresthesia, numbness, and 
benign neoplastic nodules in male and female rats from the high-dose There are no adequate and well-controlled studies in pregnant women. tingling; dizziness; tremors; muscle cramps; psychotic reactions character- 
group and in female rats from the intermediate-dose group. Benign inter- Although clinical experience does not include any positive evidence of ized by depression, disorientation, or anxiety. ki 
stitial cell tumors of the testes were also significantly increased in male rats adverse effects on the human fetus, hydralazine should be used during Genitourinary: difficulty in urination. — hae $ l 
from the high-dose group. The tumors observed are common in aged rats and preerancy only if the expected benefit justifies the potential risk to the fetus. Hematologic: blood dyscrasias, consisting of reduction in hemoglobin : 
a significantly increased incidence was not observed until 18 months of treat- Nursing Mothers: It is not known whether this drug is excreted in human and red cell count, leukopenia, agranulocytosis, purpura; lymphadenopathy; ` 
ment. Hydralazine was shown to be mutagenic in three bacterial tester strains milk. Because many drugs are excreted in human milk, caution should be splenomegaly. S | 
in the Ames test, both with and without metabolic activation, and elicited exercised when Apresoline is administered to a nursing woman.  Hypersensitive Reactions: rash, urticaria, pruritus, fever, chills, arthral- 
DNA repair both in the Pol A+/A— E. coli bacterial assay system and in Pediatric Use: Safety and effectiveness in children have not been estab- gia, eosinophilia, and, rarely, hepatitis. — ^ PPS $ 
cultured rat hepatocytes. (Evidence of DNA damage in the hepatocyte repair lished in controlled clinical trials, although there is experience with the use Other: nasal congestion, flushing, lacrimation, conjunctivitis. ü 


test is considered a strong indication of covalent binding, an established 
property of carcinogens and mutagens.) In tests with rabbit hepatocytes that 
p». exhibit an acetylator polymorphism like that of humans, hydralazine elicited 
DNA repair with only those hepatocytes having a slow rate of acetylation, sug- 
gesting that individuals who are rapid acetylators may have a diminished 
genotoxic liability. No increase in mutagenic potential was revealed in the 
mouse lymphoma assay, host-mediated assay, nucleus anomaly test, or dom- 
inant lethal test. 
The extent to which these findings indicate a risk to man is uncertain. 
While long-term clinical observation has not suggested that human cancer 
is associated with hydralazine use, epidemiologic studies have so far been 


of Apresoline in children. The usual recommended oral starting dosage is 
0.75 mg/kg of body weight daily in four divided doses. Dosage may be in- 
creased gradually over the next 3-4 weeks to a maximum of 7.5 mg/kg or 
200 mg daily. 


ADVERSE REACTIONS 

Adverse reactions with Apresoline are usually reversible when dosage is 
reduced. However, in some cases it may be necessary to discontinue the 
drug. 

The following adverse reactions have been observed, but there has not 

m enough systematic collection of data to support an estimate of their 
requency. 
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407 Functional Significance of Transient Collaterals During Coronary Artery Spasm 


MASAKAZU YAMAGISHI, TSUNEHIKO KUZUYA, KAZUHISA KODAMA, SHINSUKE NANTO, and 
MICHIHIKO TADA 


Coronary spasm may be accompanied by transient augmentation of collateral flow supplied by nonspastic 
. artery. To define whether such collaterals can perfuse to salvage the ischemic areas during coronary spasm, 
| regional coronary flow was determined in 16 patients with angina who showed isolated total spasm in the left an- 
Y terior descending artery associated with (n — 7) or without (n — 9) collaterals. During spasm, the residual great 
cardiac vein flow, determined by thermodilution, was significantly higher and the calculated collateral resistance 
index was significantly lower in patients with collaterals than in patients without collaterals (p <0.05). Elevation 
of left ventricular filling pressure during vasospasm was greater in patients without than in those with collaterals 
(p <0.05). These collaterals were less frequently associated with ST elevation on the electrocardiogram. It 
is suggested that transient collateral vessels function to salvage acute myocardial ischemia caused by total 
| coronary spasm. 


113 Systemic Left Ventricular and Coronary Hemodynamic Effects of Intravenous Diltiazem in Coronary 
Artery Disease 


MICHEL JOYAL, KARL F. CREMER, JOHN A. PIEPER, ROBERT L. FELDMAN, and CARL J. PEPINE 


Diltiazem was administered as an intravenous bolus (250 ug/kg) followed by a continuous infusion (1.4 
ug/kg/min) in 14 patients with angina. Systemic pressure decreased, but heart rate did not change. Left ventric- 
ular function was not depressed and coronary blood flow was maintained. Intravenous diltiazem led to dila- 
tion of coronary and systemic resistance vessels and favorably altered the myocardial oxygen supply and 
demand relation. 


18 . Correlation of the Exercise ST/HR Slope with Anatomic and Radionuclide Cineangiographic Findings 
in Stable Angina Pectoris 


PAUL KLIGFIELD, PETER M. OKIN, OLIVIER AMEISEN, JAMES WALLIS, and JEFFREY S. BORER 


The calculated exercise ST/HR slope was compared with radionuclide rest and exercise left ventricular ejection 
fraction and angiography in 35 patients with stable angina. An ST/HR slope of 6.0 uV/beat/min or more identi- 
fied 3-vessel coronary disease with a sensitivity of 8996 and specificity of 8896. The ST/HR slope was linearly 
correlated with exercise change in ejection fraction (r = —0.55, p « 0.001), and an ST/HR slope of 4.5 or more 
identified patients with important ventricular dysfunction (mean change in exercise ejection fraction — 12 + 1% 
vs +2 + 296, p «0.0001). 


22 Left Ventricular Thrombi Diagnosed by Echocardiography in Patients with Acute Myocardial Infarction 
Treated with Intracoronary Streptokinase Followed by Intravenous Heparin 


BIMLENDRA SHARMA, ARNALDO CARVALHO, RICHARD WYETH, and JOSEPH A. FRANCIOSA 


Thirty patients with acute myocardial infarction (AMI) treated with intracoronary streptokinase followed by 10 
days of intravenous heparin therapy were studied prospectively with serial 2-dimensional echocardiography for 
left ventricular (LV) thrombus. Throughout the course of the study partial thromboplastin times were maintained 
within the therapeutic range, yet in 8 of the 30 patients LV thrombus developed. Although in these 8 patients, an- 
terior AMI (n — 6) associated with apical dysfunction was a significant determinant of LV thrombus (p <0.01), in 
2 patients with inferior AMI and apical dysfunction LV thrombus developed. Despite thrombolytic and anticoagu- 
lant therapy, the incidence of LV thrombus in this study is similar to that found in earlier studies where patients 
did not receive intracoronary streptokinase followed by intravenous heparin. 


Continued on page A30 
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_ TRANDAT Xs 


NJECTION EB ml, 
INJECTION ERU 


Tbs HCl/Glaxo .- 


. . The" beta-dilator^ response: 
control within minutes 


Action within a minute. Trandate” (labetalol HCl/Glaxo) Injection 
rapidly, predictably lowers blood pressure by: lowering total peripheral" 
resistance (TPR), while maintaining cardiac output.*? The “beta-dilator 
effect of simultaneous beta blockade and alpha blockade-induced 
vasodilation ts apparent within 4 minute. 


Rapid control. Full effect of an iV dose is apparent in5to10 
minutes: helps avoid. hypotensive “ ‘overshoot:” ¿facilitates monitoring. 


Cost control. Rapid effect may shorten hospital Stay and: 
: beneficially affect costs under DRG's: — ! 


Well tolerated.* The most commonly EREK ciate reactions: . 
postural hypotension, ' dizziness, paresthesias, increased sweating 
and nausea. : £^ 


Smooth transition to oral therapy with the same Moe 
Control of: hypertensive crisis with Trandate Injection allows continued 
control on oral.therapy with no need to change agents. 
Trandate Injection—the “bêta-dilator response to hypertensive 
C erpergegelon enemas original product of Glaxo research. 


* Patients should always be kept in a supine position during IV drug administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy l 

' The episodes of postural hypotension and dizziness occurred primarily in one study in which patients were placed in an upright 
position within three hours of dosing for evaluation 


For a digcussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. ~ 4 
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aw |randate Injection can be administered as repeated IV injections, or 
by continuous infusion 

ay After initial dosing, further blood pressure reductions can be 
achieved with additional injections or by slow continuous infusion 

ar Discontinue Trandate Injection when blood pressure goal is 
achieved—when supine blood pressure has begun to rise, oral 
therapy may be initiated 

aur Patients should be kept in the supine position during IV drug 
administration. See DOSAGE AND ADMINISTRATION section 
of Prescribing Information before initiating therapy 
For a discussion of ADVERSE REACTIONS, please see Brief Summary of Prescribing Information 
on the last page of this advertisement. 


References: 1. Wallin JD, O'Neill WM Jr: Labetalol, current research and therapeutic status. Arch Intern Med 1983: 


143:485-490. 2. MacCarthy EP Bloomfield S: Labetalol: a review of its pharmacology, pharmacokinetics, clinical uses and 
adverse effects. Pharmacotherapy 1983;3(4): 193-219 
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ANVAIC® IInjeucuum. 


(labetalol hydrochloride) 


BRIEF SUMMARY OF PRESCRIBING INFORMATION 


INDICATIONS AND USAGE: TRANDATE® (labetalol HCI) Injection is indicated for control of blood 
pressure in severe hypertension. 

NDICATIONS: TRANDATE® Injection is contraindicated in bronchial asthma, overt cardiac 
failure, greater than first degree heart block, cardiogenic shock, and severe bradycardia (see 
WARNINGS). 

WARNINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory 
fungtion in congestive heart failure. Beta blockade carries a potential hazard of further depressing my- 
ocardial contractility and precipitating more severe failure. Although beta-blockers should be avoided 
in overt congestive heart failure, if necessary, labetalol HCI can be used with caution in patients with 
a history of heart failure who are well-compensated. Congestive heart failure has been observed in 
patients receiving labetalol! HCI. Labetalol HC! does not abolish the inotropic action of digitalis on 
heart muscle. 

In Patients Without a History of Cardiac Failure: In patients with latent cardiac insufficiency, 
continued depression of the myocardium with beta-blocking agents over a period of time can in some 
cases lead to cardiac failure. At the first sign or symptom of impending cardiac failure, patients should 
be fully digitalized and/or be given a diuretic, and the response observed closely. If cardiac failure 
continues, despite adequate digitilization and diuretic, TRANDATE® therapy should be withdrawn 
(gradually, if possible). 

Ischemic Heart Disease: Angina pectoris has not been reported upon labetalol HCI discontinua- 
tion. However, following abrupt cessation of therapy with some beta-blocking agents in patients with 
coronary artery disease, exacerbations of angina pectoris and, in some cases, myocardial infarction 
have been reported. Therefore, such patients should be cautioned against interruption of therapy 
without the physician's advice. Even in the absence of overt angina pectoris, when discontinuation of 
TRANDATE is planned, the patient should be carefully observed and should be advised to limit phys- 
ical activity. If angina markedly worsens or acute coronary insufficiency develops, TRANDATE admin- 
istration should be reinstituted promptly, at least temporarily, and other measures appropriate for the 
management of unstable angina should be taken. 

Nonallergic Bronchospasm (eg, chronic bronchitis and emphysema): Since TRANDATE In- 
jection at the usual intravenous therapeutic doses has not been studied in patients with nonallergic 
bronchospastic disease, it should not be used in such patients. 

Pheochromocytoma: Intravenous labetalol HC! has been shown to be effective in lowering the 
blood pressure and relieving symptoms in patients with pheochromocytoma; higher than usual doses 
may be required. However, paradoxical hypertensive responses have been reported in a few patients 
with this tumor; therefore, use caution when administering labetalo! HCI to patients with 
pheochromocytoma. 

Diabetes Mellitus and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of 
premonitory signs and symptoms (eg, tachycardia) of acute hypoglycemia. Thisis especially important 
with labile diabetics. Beta-blockade also reduces the release of insulin in response to hyperglycemia: 
it may therefore be necessary to adjust the dose of antidiabetic drugs. 

Major Surgery: The necessity or desirability of withdrawing beta-blocking therapy prior to major 
surgery is controversial. Protracted severe hypotension and difficulty in restarting or maintaining a 
heartbeat have been reported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic ac- 
tivity has not been evaluated in this setting. 

A synergism between labetalol HCI and halothane anesthesia has been shown (see Drug 
Interactions). 

Rapid Decreases of Blood Pressure: Caution must be observed when reducing severely elevated 
blood pressure. Although such findings have not been reported with intravenous labetalol HCI, a num- 
ber of adverse reactions, including cerebral infarction, optic nerve infarction, angina and ischemic 
changes in the electrocardiogram, have been reported with other agents when severely elevated blood 
pressure was reduced over time courses of several hours to as long as 1 or 2 days. The desired blood 
pressure lowering should therefore be achieved over as long a period of time as is compatible with 
the patient's status. 

i amy IONS: General: /mpaired hepatic function may diminish metabolism of TRANDATE® 
njection. 

Hypotension: Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are 
tilted or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection, 
Therefore, the patient's ability to tolerate an upright position should be established before permitting 
any ambulation. 

Jaundice or Hepatic Dysfunction: On rare occasions, oral labetalol HCI has been associated 

with jaundice (both hepatic and cholestatic). It is therefore recommended that treatment with labetalol 
HCI be stopped immediately should a patient develop jaundice or laboratory evidence of liver injury. 
Both have been shown to be reversible on stopping therapy. 
Information for Patients: The following information is intended to aid in the safe and effective use 
of this medication. It is not a disclosure of all possible adverse or intended effects. During and im- 
mediately following (for up to 3 hours) TRANDATE Injection, the patient should remain supine. Sub- 
sequently, the patient should be advised on how to proceed gradually to become ambulatory, and 
should be observed at the time of first ambulation. 

When the patient is started on TRANDATE Tablets, following adequate control of blood pressure 
with TRANDATE Injection, appropriate directions for titration of dosage should be provided (see DOS- 
AGE AND ADMINISTRATION). 

As with all drugs with beta-blocking activity, certain advice to patients being treated with labetalol 

HCI is warranted: While no incident of the abrupt withdrawal phenomenon (exacerbation of angina 
pectoris) has been reported with labetalol HCI, dosing with TRANDATE Tablets should not be inter- 
rupted or discontinued without a physician's advice. Patients being treated with TRANDATE Tablets 
should consult a physician at any sign of impending cardiac failure. Also transient scalp tingling may 
occur, usually when treatment with TRANDATE Tablets is initiated (see ADVERSE REACTIONS). 
Laboratory Tests: Routine laboratory tests are ordinarily not required before or after intravenous 
labetalol HCI. In patients with concomitant illnesses, such as impaired renal function, appropriate 
tests should be done to monitor these conditions. 
Drug Interactions: Since TRANDATE (labetalol HC!) Injection may be administered to patients al- 
ready being treated with other medications, including other antihypertensive agents, careful monitor- 
ing of these patients is necessary to detect and treat promptly any undesired effect from concomitant 
administration. 

In one survey, 2.3% of patients taking labetalol HCI orally in combination with tricyclic antidepres- 
sants experienced tremor as compared to 0.7% reported to occur with labetalol HCI alone. The con- 
tribution of each of the treatments to this adverse reaction is unknown, but the possibility of a drug 
interaction cannot be excluded. 

Drugs possessing beta-blocking properties can blunt the bronchodilator effect of beta-receptor ag- 
onist drugs in patients with bronchospasm; therefore, doses greater than the normal anti-asthmatic 
dose of beta-agonist bronchodilator drugs may be required. 

Cimetidine has been shown to increase the bioavailability of labetalol HCI administered orally. 
Since this could be explained either by enhanced absorption or by an alteration of hepatic metabolism 
of labetalol HCI, special care should be used in establishing the dose required for blood pressure con- 
trol in such patients. 

Synergism has been shown between halothane anesthesia and intravenously administered labeta- 
lol HCI. During controlled hypotensive anesthesia using labetalol HCI in association with halothane, 
high concentrations (3% or above) of halothane should not be used because the degree of hypotension 


y y will be increased and because of the possibility of a large reduction in cardiac output and an increase 


in central venous pressure. The anesthesiologist should be informed when a patient is receiving la- 
betalol HCI. 
Labetalol HCI blunts the reflex tachycardia produced by nitroglycerin without preventing its hypo- 


E tensive effect. If labetalol HCI is used with nitroglycerin in patients with angina pectoris, additional 


Drug/Laboratory Test Interactions: The presence of a metabolite of labetalol in the urine may 


result in falsely increased levels of urinary catecholamines when measured by a nonspecific trihy- - 


droxyindole (THI) reaction. In screening patients suspected of having a pheochromocytoma and being 
treated with labetalol HCI, specific radioenzymatic or high performance liquid chromatography assay 
techniques should be used to determine levels of catecholamines or their metabolites. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term oral dosing studies with la- 
betalol HCI for 18 months in mice and for 2 years in rats showed no evidence of carcinogenesis. Stud- 


ies with labetalol HCI, using dominant lethal assays in rats and mice, and exposing microorganisms — 


according to modified Ames tests, showed no evidence of mutagenesis. 

Pregnancy Category C: Teratogenic studies have been performed with labetalol in rats and rabbits at 
oral doses up to approximately 6 and 4 times the MRHD, respectively. No reproducible evidence of fetal 
malformations was observed. Increased fetal resorptions were seen in both species at doses approx- 
imating the MRHD. There are no adequate and well-controlled studies in pregnant women. Labetalol 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
Nonteratogenic Effects: Infants of mothers who were treated with labetalol HCI for hypertension 
during pregnancy did not appear to be adversely affected by the drug. Oral administration of labetalol 
to rats during late gestation through weaning at doses of 2 to 4 times the MRHD caused a decrease 
in neonatal survival. 

Labor and Delivery: Labetalol HCI given to pregnant women with hypertension did not appear to 
affect the usual course of labor and delivery. 

Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are ex- 
creted in human milk. Caution should be exercised when TRANDATE® (labetalol HCI) Injection is ad- 
ministered to a nursing woman. 

Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS: TRANDATE® Injection is usually well tolerated. Most adverse effects have — 
been mild and transient and, in controlled trials involving 92 patients, did not require labetalol HCI — 


withdrawal. Symptomatic postural hypotension (incidence 58%) is likely to occur if patients are tilted 
or allowed to assume the upright position within 3 hours of receiving TRANDATE Injection. Moderate 
hypotension occurred in 1 of 100 patients while supine. Increased sweating was noted in 4 of 100 pa- 
tients, and flushing occurred in 1 of 100 patients. 

de following also were reported with TRANDATE Injection with the incidence per 100 patients as 
noted: 

Cardiovascular System: Ventricular arrhythmia in 1. 

Central and Peripheral Nervous Systems: Dizziness in 9; tingling of the scalp/skin in 7; hy- 
poesthesia (numbness) and vertigo in 1 each. 

Gastrointestinal System: Nausea in 13; vomiting in 4; dyspepsia and taste distortion in 1 each. 

Metabolic Disorders: Transient increases in blood urea nitrogen and serum creatinine levels oc- 
curred in 8 of 100 patients; these were associated with drops in blood pressure, generally in patients 
with prior renal insufficiency. 

Psychiatric Disorders: Somnolence/yawning in 3. 

Respiratory System: Wheezing in 1. 

Skin: Pruritus in 1. 

The incidence of adverse reactions depends upon the dose of labetalol HCI. The largest experience 
is with oral labetalol HCI (see TRANDATE Tablet Product Information for details.) Certain of the side 
effects increased with increasing oral dose as shown in the table below which depicts the entire U.S. 
therapeutic trials data base for adverse reactions that are probably or possibly dose-related. 


Labetalol HCI 

Daily Dose (mg) 20€ 30 400. 000 900 9M 1200 "M MN. 
Number of Patients 522 181 606 608 503 117 41 242 175 
Dizziness (96) 2 3 3 3 5 1 $^. MS 
Fatigue 2 1 4 4 5 3 7 6 10 
Nausea <1 0 1 2 4 0 7 11 19 
Vomiting 0 ü «t; <h,- «<1 0 1 2 3 
Dyspepsia 1 0 2 1 1 0 2 2 ae 
Paresthesias 2 0 2 2 1 1 2 5 5 
Nasal Stuffiness 1 1 2 2 2 2 4 5 6 
Ejaculation Failure 0 2 1 2 3 0 4 3 5 
Impotence 1 1 1 1 2 4 3 4 3 
Edema 1 0 1 1 1 0 1 2 
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The oculomucocutaneous syndrome associated with the beta-blocker practolol has not been re- 

ported with labetalol HC! during investigational use and extensive foreign marketing experience. 
Clinical Laboratory Tests: Among patients dosed with TRANDATE Tablets, there have been re- 
versible increases of serum transaminases in 496 of patients tested and, more rarely, reversible in- 
creases in blood urea. 
OVERDOSAGE: Overdosage with TRANDATE* Injection causes excessive hypotension which is pos- 
ture sensitive and, sometimes, excessive bradycardia. Patients should be laid supine and their legs 
raised if necessary to improve the blood supply to the brain. The following additional measures should 
be employed if necessary: Excessive bradycardia— administer atropine (3.0 mg). If there is no re- 
sponse to vagal blockade, administer isoproterenol cautiously. Cardiac failure— administer a digi- 
talis glycoside and a diuretic. Hypotension—administer vasopressors, eg, norepinephrine. There is 
pharmacological evidence that norepinephrine may be the drug of choice. Bronchospasm— admin- 
ister a beta;-stimulating agent and/or a theophylline preparation. 

If overdosage with labetalol HCI follows oral ingestion, gastric lavage or pharmacologically induced 
emesis (using syrup of ipecac) is useful for removal of the drug shortly after ingestion. Labetalol HC) 
can be removed from the general circulation by hemodialysis. 

The oral LDs value of labetalol HCI in the mouse is approximately 600 mg/kg and in the rat is 
greater than 2 g/kg. The intravenous LDso in these species is 50 to 60 mg/kg. 


DOSAGE AND ADMINISTRATION: Initiation of Dosing with TRANDATE Tablets: Subsequent — 
oral dosing with TRANDATE Tablets should begin when it has been established that the supine dia- 
stolic blood pressure has begun to rise. The recommended initial dose is 200 mg, followed in 6-12 — 
hours by an additional dose of 200 mg or 400 mg, depending on the blood pressure response. There- — 


after, inpatient titration with TRANDATE Tablets may proceed as follows: 
Inpatient Titration Instructions 


Regimen Daily Dose* 
200 mg bid 400 mg 
400 mg bid 800 mg 
800 mg bid 1600 mg 

1200 mg bid 2400 mg 


*If needed, the total daily dose may be given in three divided doses. 

While in the hospital, the dosage of TRANDATE (labetalol HC!) Tablets may be increased at one-day 
intervals to achieve the desired blood pressure reduction. 

For subsequent outpatient titration or maintenance dosing see TRANDATE Tablets Product Infor- 
mation DOSAGE AND ADMINISTRATION for additional recommendations. 
HOW SUPPLIED: TRANDATE* Injection, 5 mg/ml, is supplied in 20 ml (100 mg) ampules, box of 1 
(NDC 0173-0350-59). 
Store between 2° and 30° C (36° and 86° F.) Do not freeze. 
Manufactured for Glaxo Inc. Research Triangle Park, NC 27709 
by Schering Pharmaceutical Corporation (PR), Manati, PR 00701 
© Copyright 1984, Glaxo Inc. All rights reserved. 
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.426 Determination of the Optimal Timing for Performing Digital Ventriculography During Atrial Pacing 
Stress Tests in Coronary Heart Disease 


JONATHAN TOBIS, LLOYD ISERI, WARREN D. JOHNSTON, ORHAN NALCIOGLU, CAROL DE BOER, 
ANIL SHAH, JIM PAYNTER, and WALTER L. HENRY 


The optimal time for recording left ventricular angiograms during atrial pacing stress tests was determined by 
obtaining digital subtraction left ventriculograms using 12 ml of contrast material in 40 patients. Pacing studies 
were performed at rest and at peak pacing in all 40 patients. In addition, 19 patients had a third digital left ventric- 
ulogram performed between 5 and 10 seconds and 21 patients had a third digital left ventriculogram performed 
at 30 seconds after pacing was stopped. Measurement of the ejection fraction (EF) revealed that it increased or 
remained the same at peak pacing in 10 of 11 patients (9196) without coronary artery disease (CAD). In the 29 
patients with CAD, the mean EF decreased an average of 10 percentage points (p « 0.001) and fell 2 or more 
percentage points in 25 of 29 patients (8696) at peak pacing. In contrast, the mean EF during the postpacing 
studies decreased only 2.2 percentage points from the value at rest (difference not significant). Moreover, only 
15 of 29 patients (5296) with CAD had a decrease in EF of 2 or more percentage points. It appears that EF 
changes and wall motion abnormalities induced by atrial pacing are of short duration. As a result, the optimal 
time for performing a left ventricular analysis of EF and wall motion during atrial pacing is at the peak heart rate 
and not 10 to 30 seconds after pacing is stopped. 


434 Comparison of Stress Digital Ventriculography, Stress Thallium Scintigraphy, and Digital Fluoroscopy 


441 
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in the Diagnosis of Coronary Artery Disease in Subjects Without Prior Myocardial Infarction 


ROBERT DETRANO, CONRAD SIMPFENDORFER, KAREN DAY, ERNESTO E. SALCEDO, 
GUSTAVO RINCON, JOHN R. KRAMER, ROBERT E. HOBBS, EARL K. SHIREY, MICHAEL ROLLINS, 
and WILLIAM C. SHELDON 


Ninety-seven consecutive patients without prior myocardial infarction underwent exercise thallium scintigraphy, 
exercise digital ventriculography, digital subtraction fluoroscopy for coronary calcifications and selective coro- 
nary angiography. Digital fluoroscopy and exercise digital ventriculography were significantly more sensitive 
than thallium scintigraphy in predicting at least 1 obstruction greater than 5096 of a major coronary vessel. Thal- 
lium scintigraphy was more specific than exercise digital ventriculography or digital fluoroscopy. The diagnostic 
accuracy of the 3 tests was similar. Thallium scintigraphy and digital fluoroscopy were more accurate in younger 
patients, whereas digital ventriculography was more sensitive in hypertensive patients and in those not receiving 
-blocking drugs. Prevalence of disease and clinical variables should be considered in choosing 1 of these 3 
techniques for coronary artery disease. 


Relation of Effectiveness of Intracoronary Thrombolysis in Acute Myocardial Infarction to Systemic 
Thrombolytic State 


MARK W. BURKET, MARY R. SMITH, THOMAS E. WALSH, PAMELA S. BREWSTER, and 
THEODORE D. FRAKER, Jr. 


Although the development of a systemic fibrinolytic state during intracoronary administration of thrombolytic 
agents is usually considered an undesirable adverse effect, systemic fibrinolysis may actually enhance the clot 
dissolution process. In this study 29 patients received intracoronary thrombolytic agents in the early hours of 
acute myocardial infarction. A close correlation was found between the development of a systemic fibrinolytic 
state and successful recanalization of occluded coronary arteries. This finding suggests that a systemic lytic 
state should be sought rather than avoided. It also draws into question the rationale for using intracoronary thera- 
py, a technique once advocated as a means to avoid systemic fibrinolysis. 


Continued on page A36 
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PREDICTABILITY IN A B.D. DOSAGE 
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disopyramide phosphate, 


CONTROLLED-RELEASE 100-mg and 150-mg 12-HOUR CAPSULES 









The most commonly seen side effects of disopyramide ko 
phosphate are anticholinergic, and the most $evere are N 
due to its negative inotropic properties. K 
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r Brief Summary 


i. Before prescribing, please consult current complete prescribing information, à summary of which 
yp follows: Indications: For suppression and prevention of recurrence of the following cardiac ar- 
E" rhythmias: unifocal premature (ectopic) ventricular contractions; premature (ectopic) ventricular 


_ contractions of multifocal origin; paired premature ventricular contractions (couplets); and epi- 

-Sodes of ventricular tachycardia (persistent ventricular tachycardia is ordinarily treated with D.C. 

E cardioversion). Norpace is equally effective in both digitalized and nondigitalized patients. It is 

- also equally effective in treating primary cardiac arrhythmias and those which occur in association 

.. With organic heart disease including coronary artery disease. Norpace CR should not be used 
initially if rapid establishment of disopyramide plasma levels is desired. Oral disopyramide phos- 

.. phate has not been adequately studied in patients with acute myocardial infarction or with per- 

_ sistent ventricular tachycardia or atrial arrhythmias and is not indicated for arrhythmias due to 

n digitalis intoxication. The value of antiarrhythmic drugs in preventing sudden death in patients 

= With serious ventricular ectopic activity has not been established. Contraindications: Cardiogen- 

/ - ic shock, preexisting second- or MEN AV block (if no pacemaker is present), or known 

_ hypersensitivity to the drug. Warnings: Norpace or Norpace CR may cause or worsen 

| . congestive heart failure (CHF) or produce severe hypotension as a consequence of its 

. Negative inotropic properties. Hypotension has been observed primarily with primary car- 

A _ diomyopathy or inadequately compensated CHF. Norpace or Norpace CR should not be 

. used in patients with uncompensated or marginally compensated CHF or hypotension 

. unless the condition is secondary to cardiac cl Ig Patients with a history of heart 

- failure may be treated with Norpace or Norpace CR, but careful attention must be given to 

. maintaining cardiac function, including optimal digitalization. If hypotension occurs or 

| F worsens, Norpace or Norpace CR should be discontinued and, if necessary, restarted 

at a lower dosage only after adequate cardiac compensation has been established. Nor- 

|». pace or Norpace CR should be discontinued if Li tat widening "Vol than 25%) of 

k the QRS complex occurs. Prolongation of the Q-T interval (corrected) and worsening of the 

-arrhythmia may occur. Patients who have evidenced prolongation of the Q-T interval in 

. response to quinidine may be at particular risk. If Q-T prolongation greater than 25% is 

. observed and if ectopy continues, the patients should be monitored closely, and discontin- 

. uation of Norpace or Norpace CR considered. In rare instances significant hypoglycemia 

. has been reported during Norpace therapy. The concomitant use of Norpace or pis CR 

. with other Type 1 antiarrhythmic agents and/or propranolol should be reserved for patients 

. with life-threatening arrhythmias who are demonstrably unresponsive to single agent an- 

. tiarrhythmic therapy. Such use may produce serious negative inotropic effects, or may 

. excessively prolong conduction. Patients receiving more than one antiarrhythmic drug 
must be carefully monitored. If first-degree heart block develops, the dosage of Norpace 

_ or Norpace CR should be reduced. If the block persists, continuation of Norpace or 

. Norpace CR must depend upon an assessment of benefit versus risk. Development of 

. Second- or third-degree AV block or uni-, bi-, or trifascicular block requires discontinuation 

of drug unless the ventricular rate is adequately controlled by a pacemaker. Because of its 
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anticholinergic activity, disopyramide phosphate should not be used in patients with glau- 
coma, myasthenia gravis or urinary retention, unless adequate overriding measures are 
taken. In patients with a family history of glaucoma, intraocular pressure should be meas- 
ured before initiating Norpace or Norpace CR therapy. Precautions: Patients with atrial flutter 
or fibrillation should be digitalized prior to Norpace or Norpace CR administration to ensure that 
drug-induced enhancement of AV conduction does not allow a ventricular rate beyond physiologi- 
cally acceptable limits. The effect of Norpace or Norpace CR is presently uncertain in patients 
with sick sinus syndrome, Wolff-Parkinson-White syndrome, or bundle branch block. Patients 
with myocarditis or other cardiomyopathy may develop significant hypotension in response to 
the usual dosage of disopyramide phosphate. Therefore, a loading dose of Norpace should not 
be given to such patients, and initial dosage and subsequent dosage adjustments should be made 
under close supervision. Norpace dosage should be reduced in patients with impaired renal or 
hepatic function and the electrocardiogram carefully monitored for signs of overdosage. Norpace 
CR is not recommended for patients with severe renal insufficiency, Antiarrhythmic drugs may be 
ineffective in patients with hypokalemia, and their toxic effects may be enhanced in patients with 
hyperkalemia. Therefore, potassium abnormalities should be corrected before starting Norpace 
or Norpace CR therapy. Concomitant administration of disopyramide phosphate with phenytoin 
or other hepatic enzyme inducers may cause lower disopyramide plasma levels. Safe use in preg- 
nancy has not been established. Disopyramide has been found in human fetal blood. Norpace 
has been reported to stimulate contractions of the pregnant uterus. Use of Norpace or 
Norpace CR in pregnant women requires that the potential benefit be weighed against possible 
hazards to the fetus. Effects of Norpace or Norpace CR on the fetus during delivery or on the 
course of labor and delivery are unknown. Following oral administration, disopyramide has been 
found in human milk at a concentration not exceeding that in plasma. If use of the drug is deemed 
essential, an alternate method of infant feeding should be instituted. Adverse Reactions: Dry 
mouth, urinary hesitancy, constipation, blurred vision, dry nose/eyes/throat, urinary retention 
especially in males with benign prostatic hypertrophy, urinary frequency and urgency, impotence, 
nausea, pain/bloating/gas, anorexia, diarrhea, vomiting, nervousness, dizziness, general fatique/ 
muscle weakness, headache, malaise, aches /pains, hypotension, congestive heart failure, car- 
diac conduction disturbances, edema/weight gain, shortness of breath, syncope, chest pain, 
generalized rash/dermatoses, itching, hypokalemia, elevated cholesterol /triglycerides, depres- 
sion, insomnia, ‘dysuria, numbness/tingling, elevated liver enzymes, AV block, elevated BUN, 
elevated creatinine, decreased hemoglobin/hematocrit, and hypoglycemia. Acute psychosis, 
cholestatic jaundice, and agranulocytosis, all three reversible, have been reported, as have fever, 
respiratory difficulty, thrombocytopenia, and gynecomastia. Dosage and Administration: Dos- 
age must be individualized on the basis of response and tolerance. The usual adult dosage is 400 
to 800 mg/day given in divided doses: q6h for Norpace and q12h for Norpace CR. See current 
complete prescribing information for dosage recommendations. 
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Address medical inquiries to: 

G.D. Searle & Co. 

Medical Communications Department 
Box 5110, Chicago, IL 60680 


Searle & Co. 
San Juan, PR 00936 


_ A "how-to-do-it" text/atlas presenting the 
of normal and abnormal 


broadest range 





2-dimensional echocardiograms 





2-dimensional echocardiography comple- 
mented by M-mode ec nocardiography has 
Decome one of the most common nonin- 
vasive diagnostic tools used by the cardiolo- 
gst. With publication of the ATLAS of 
2-DIMENSIONAL ECHOCARDIOGRAPHY, 
neophyte and expert alike now have 
available to them the most truly usable 
didactic presentation of the subject ever 
blished. 
A true atlas, this book provides in a large 
8/5 x12 format 251 black and white half 
tones, 152 line drawings and 6 charts which 
illustrate in enacting detail how to perform 
and interpret 2-dimensional echocardio- 
grams on patients with existing and/or 
suspected heart disease. The lucid accom- 
panying text leads the reader step-by-step 
through the entire process, leaving little to 
the imagination. It presents in the most sim- 
pie, direct way possible the broadest range 
of normal and abnormal 2-dimensional 
echocardiograms. The descriptions and 
detail2d illustrations in its technical sections 
will ensure the superior level of perform- 
ance of echocardiographic techniques that is 
a sine qua non for good results. 


Atlas of 
2-Dimensional 
Echocardiography 


by Piiredo Palacio, MD. 
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Cardiologist 


Desert Hospital, an ultra- 
modern 350-bed acute 
facility, will soon begin a 
cardiac surgery program, 
and we're seeking a Medical 
Director for the Cardiac 
Catheterization Lab. 


This challenging position 
requires Board certifica- 
tion, three years post- 
training, and experience 
with cardiac surgery (in- 
cluding angioplasty and 


intracoronary strepto- 
kinase procedures) at a 
teaching hospital. 


For immediate considera- 
tion, please send resume in 
confidence to: 


DK) 
OSI 


Medical Staff Office 
P.O. Box 1627 
Palm Springs, CA 92263 


An Equal Opportunity Employer 
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TUSHIBA'S DUPLEX DOPPLER: 


TWO NEW ANGLES 0 





Something exciting happened recently in ultra - 
sound diagnosis. Toshiba introduced the electronic 
duplex doppler system - and continuous wave 
imaging took a giant leap forward. 

It is the only doppler system, available today, 
with steerable receive focus in CW-mode. Ambiguous 
readings from aligned flows, as obtained with conven- 
tional CW-doppler systems can now be minimized, as 
the system sensitivity is highest at the crosspoint only. 

Using the same probe, you can switch from 


PULSED to CW Doppler and measure flows up to 
15m/s- more than twice the usual capacity. 

The SSH-40A phased array scanner has been 
developed for various cardiovascular applications of 
ultrasound. It is the most advanced diagnostic tool iri 
its class. Employing Toshiba's renowned electronic 
circuit technology, the SSH-40A produces images of 
the highest clarity and resolution. The SSH-60A is a 
very compact, lightweight and highly mobile system 
with outstanding characteristics. 
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The duplex doppler sector probe. 
The receiver lateral beam position can be 


adjusted to scan at varying depths. Opti- 
mum sensitivity occurs where the emitted 
signal (red dotted line) and the received 
and focussed beam (light blue dotted line) 
intersect. 
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445 Continuous Determination of Regional Myocardial Blood Flow with Intracoronary Krypton-81m in 
Coronary Artery Disease 


WILLEM J. REMME, X. HANNO KRAUSS, DIEDERIK C.A. VAN HOOGENHUYZE, PETER H. COX, 
COCK J. STROM, and DICK A. KRUYSSEN 


Regional coronary flow changes were studied during incremental atrial pacing with a continuous intracoronary 
infusion of krypton-8 1m. In 21 patients with left coronary artery disease, a continuous decrease of krypton-8 1m 
perfusion to 69 + 6% of control was observed in all areas with more than 90% diameter reduction and to 81 + 
4% in all areas with 71 to 90% diameter narrowing. In contrast, no alterations were found in regions with less 
than 5096 diameter reduction, whereas changes were variable in areas with 50 to 7096 diameter narrowing. 
Krypton-8 1m perfusion decreased early (more than 90% diameter reduction), before signs of ischemia, or later 
during pacing (71 to 9096 diameter reduction), concurrently with ST-segment changes but before angina. After 
pacing, krypton-8 1m distribution changes persevered in most areas for 5 minutes and in some for more than 15 
minutes. It is concluded that the intracoronary infusion of krypton-8 1m enables the assessment of the functional 
significance of coronary artery lesions. Persevering distribution changes after atrial pacing indicate ongoing cor- 
onary flow reduction long after general signs of myocardial ischemia have subsided. 


452  Dipyridamole-Echocardiography Test in Effort Angina Pectoris 


EUGENIO PICANO, ALESSANDRO DISTANTE, MICHELE MASINI, MARIA AURORA MORALES, 
FABIO LATTANZI, and ANTONIO L'ABBATE 


To evaluate the clinical feasibility and usefulness of dipyridamole infusion (0.14 mg/kg/min in 4 minutes), togeth- 
er with 2-dimensional echocardiographic and 12-lead electrocardiographic monitoring, 66 consecutive patients 
with exertional chest pain and 9 control subjects were studied. Twelve-lead exercise stress test (EST) and coro- 
nary angiography were also performed by all patients. After dipyridamole infusion, a transient hyperkinetic pat- 
tern was a constant finding; in the patients with positive responses, regional asynergy appeared soon afterward. 
Of the 28 patients with positive test results, 18 also had diagnostic electrocardiographic changes occurring in 
the anterolateral leads and usually unrelated to the site of asynergy. Twelve of the patients' positive test results 
had a nondiagnostic EST. With respect to the presence of coronary artery disease (more than 7096 luminal re- 
duction of at least 1 major coronary vessel), the overall sensitivity of the dipyridamole-echocardiography test 
was 56% and its specificity was 10096; overall sensitivity of the EST was 62% and its specificity was 80%. 
Thus, the dipyridamole-echocardiography test, which is feasible in essentially all patients with good basal echo- 
cardiograms, has a lower overall sensitivity in detecting coronary artery disease than EST, but has a higher spec- 
ificity. Furthermore, it detects more precisely than EST the site of apparent ischemia and can unmask electro- 
cardiographically silent ischemia. 


METHODS 


157 Coronary Sinus Occlusion Pressure and Its Relation to Intracardiac Pressure 


36 


DAVID P. FAXON, ALICE K. JACOBS, MIRLE A. KELLETT, SUSAN M. McSWEENEY, 
WILLIAM D. COATS, and THOMAS J. RYAN 


The hemodynamic components of coronary sinus (CS) occlusion pressure were studied in 27 patients who un- 
derwent routine diagnostic catheterization. Occlusion was accomplished by sudden inflation of a No. 7Fr bal- 
loon-tipped catheter placed into the CS. Although CS occlusion pressure did not correlate with right heart, aortic 
and systolic left ventricular (LV) pressures, LV end-diastolic and end-diastolic CS occlusion pressures were posi- 
tively correlated (p «0.00 1) over the entire range of pressures (9 to 27 mm Hg). These findings suggest that end- 
diastolic CS occlusion pressure closely parallels LV end-diastolic pressure, and measurement of CS occlusion 
pressure to assess LV end-diastolic pressure may have clinical use. 


Continued on page A42 


CARDIZEM diltiazem HOD: 


Percentage of patients 
experiencing adverse reactions 


with a low incidence 





In the treatment of angina pec- 
toris, calcium channel blockers have 
been found to be potent coronary 

vasodilators. And, due to its balanced 
hemodynamic profile, CARDIZEM® 
(diltiazem HCl) produces a low inci- 
dence of side effects, thus contribut- 
ing to the patient's sense of well-being. 

“The lack of significant adverse 
effects with diltiazem appears to corre- 
late with the high rate of acceptance 
of the drug by patients and the drug’s 
safety in both short- and long-term 
use. ! 





Low incidence of side effects 


The adverse reactions reported most frequently with Cardizem have been: 


Edema Headache Nausea Dizziness Rash Asthenia AV Block 
2.4% 2 196 1.9% | 5% 1.396 1.296 l. 1% 
In many cases, the relationship to Cardizem has not not greater than that reported during placebo therapy. 
been established. For other adverse reactions infrequently reported 


In placebo-controlled US trials, the incidence of ( 1076), see brief summary of prescribing information 
adverse reactions reported during Cardizem therapy was on last page of this ad. 


_abalance of effectiveness 
of side effects 








Increases exercise 
tolerance 


Reduces angina attack 
frequency" 





CARDIZEM"' (diltiazem 
HCl) allows patients to signifi- 
cantly prolong exercise tolerance 
even in demanding Bruce proto- 
col exercise tests? In time to 
onset of pain, control patients 
— averaged 8.0 minutes; Cardizem 
patients averaged 9.8 minutes. 


4296 to 4696 decrease in 
effort angina attacks reported in 
multicenter study? 


(diltiazem HCl) 
The balanced 


*Cardizem is indicated in the treatment of chronic stable 
angina (classic effort-associated angina) and angina due to 
coronary artery spasm. 


calcium channel 
blocker 





(diltiazem HCl) 


Beneficial aspects 


of Cardizem 
therapy 


* Increases coronary blood 
flow 

e Decreases afterload and 
blood pressure 

e Decreases heart rate 

e Can be used alone or in 
combination with other 
antianginals 


References: 

1. Schroeder JS, Lamb IH, Ginsburg R, et al: Diltiazem for long-term therapy of coronary 
arterial spasm. Am J Cardiol 49:533-537, 1982. 

2. Pool PE, Seagren SC, Bonanno JA, et al: The treatment of exercise-inducible chronic 
stable angina with diltiazem: Effect on treadmill exercise. Chest 78 (July suppl) 234-238, 
1980. 

3. Strauss WE, Mcintyre KM, Parisi AF, et al: Safety and efficacy of diltiazem hydrochlo- 
ride for the treatment of stable angina pectoris: Report of a cooperative clinical trial. 
Am J Cardiol 49:560-566, 1982. 
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cardizem « 
(diltiazem HCl) 


30 mg and 60 mg tablets 


BRIEF SUMMARY 


CARDIZEM” (diltiazem hydrochloride) is a calcium ion influx inhibitor (slow channel blocker or calcium antagonist). e. 


INDICATIONS AND USAGE 
1. Angina Pectoris Due to Coronary Artery Spasm. CARDIZEM is indicated in the treatment of angina pectoris due to coronary artery 
spasm. CARDIZEM has been shown effective in the treatment of spontaneous coronary artery spasm presenting as Prinzmetal's variant 
angina (resting angina with ST-segment elevation occurring during attacks). 
2. Chronic Stable Angina (Classic Effort-Associated Angina). CARDIZEM is indicated in the management of chronic stable angina. 
CARDIZEM has been effective in controlled trials in reducing angina frequency and increasing exercise tolerance. 
There are no controlled studies of the effectiveness of the concomitant use of diltiazem and beta-blockers or of the safety of this combination 
in patients with impaired ventricular function or conduction abnormalities. 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick sinus syndrome except in the presence of a functioning ventricular pacemaker, (2) 
patients with second- or third-degree AV block except in the presence of a functioning ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic). 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node refractory periods without significantly prolonging sinus node recovery time, except 
in patients with sick sinus syndrome. This effect may rarely result in abnormally slow heart rates (particularly in patients with sick sinus 
syndrome) or second- or third-degree AV block (six of 1243 patients for 0.48%). Concomitant use of diltiazem with beta-blockers or 
digitalis may result in additive effects on cardiac conduction. A patient with Prinzmetal's angina developed periods of asystole (2 to 5 
seconds) after a single dose of 60 mg of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a negative inotropic effect in isolated animal tissue preparations, hemodynamic 
studies in humans with normal ventricular function have not shown a reduction in cardiac index nor consistent negative effects on 
contractility (dp/dt). Experience with the use of CARDIZEM alone or in combination with beta-blockers in patients with impaired 
ventricular function is very limited. Caution should be exercised when using the drug in such patients. 

3. Hypotension. Decreases in blood pressure associated with CARDIZEM therapy may occasionally result in symptomatic hypotension 

4. Acute Hepatic Injury. In rare instances, patients receiving CARDIZEM have exhibited reversible acute hepatic injury as evidenced by 
moderate to extreme elevations of liver enzymes. (See PRECAUTIONS and ADVERSE REACTIONS.) 


PRECAUTIONS 


General. CARDIZEM (diltiazem hydrochioride) is extensively metabolized by the liver and excreted by the kidneys and in bile. As with any 7 


new drug given over prolonged periods, laboratory parameters should be monitored at regular intervals. The drug should be used with caution 
in patients with impaired renal or hepatic function. In subacute and chronic dog and rat studies designed to produce toxicity, high doses of 
diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral doses of 125 mg/kg and higher in rats were 
associated with histological changes in the liver which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also 
associated with hepatic changes; however, these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that there may be additive effects in prolonging AV conduction when using 
beta-blockers or digitalis concomitantly with CARDIZEM. (See WARNINGS.) 

Controlled and uncontrolled domestic studies suggest that concomitant use of CARDIZEM and beta-blockers or digitalis is usually well 
tolerated. Available data are not sufficient, however, to predict the effects of concomitant treatment, particularly in patients with left ventricular 
dysfunction or cardiac conduction abnormalities. In healthy volunteers, diltiazem has been shown to increase serum digoxin levels up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and a 21-month study in mice showed no evidence 
of carcinogenicity. There was also no mutagenic response in in vitro bacterial tests. No intrinsic effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbits. Administration of doses ranging from five to 
ten times greater (on an mg/kg basis) than the daily recommended therapeutic dose has resulted in embryo and fetal lethality. These doses, in 
some studies, have been reported to cause skeletal abnormalities. In the perinatal/postnatal studies, there was some reduction in early 
individual pup weights and survival rates. There was an increased incidence of stillbirths at doses of 20 times the human dose or greater 

There are no well-controlled studies in pregnant women; therefore, use CARDIZEM in pregnant women only if the potential benefit justifies 
the potential risk to the fetus. 

Nursing Mothers. it is not known whether this drug is excreted in human milk. Because many drugs are excreted in human milk, exercise 
caution when CARDIZEM is administered to a nursing woman if the drug's benefits are thought to outweigh its potential risks in this situation. 

Pediatric Use. Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies carried out to date, but it should be recognized that patients with impaired ventricular 
function and cardiac conduction abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of adverse reactions reported during CARDIZEM therapy was not greater than that 
reported during placebo therapy. 

The following represent occurrences observed in clinical studies which can be at least reasonably associated with the pharmacology of 
calcium influx inhibition. In many cases, the relationship to CARDIZEM has not been established. The most common occurrences, as well as 
their frequency of presentation, are: edema (2.4%), headache (2.1%), nausea (1.9%), dizziness (1.5%), rash (1.3%), asthenia (1.2%), AV block 
(1.1%). In addition, the following events were reported infrequently (less than 1%) with the order of presentation corresponding to the relative 
frequency of occurrence. 


Cardiovascular: Flushing, arrhythmia, hypotension, bradycardia, palpitations, congestive heart failure, syncope. 

Nervous System: Paresthesia, nervousness, somnolence, tremor, insomnia, hallucinations, and amnesia. 

Gastrointestinal: Constipation, dyspepsia, diarrhea, vomiting, mild elevations of alkaline phosphatase, SGOT, SGPT, and LDH. 
Dermatologic: Pruritus, petechiae, urticaria, photosensitivity. 

Other Polyuria, nocturia. 


The following additional experiences have been noted: 

A patient with Prinzmetal's angina experiencing episodes of vasospastic angina developed periods of transient asymptomatic asystole 
approximately five hours after receiving a single 60-mg dose of CARDIZEM. 

The following postmarketing events have been reported infrequently in patients receiving CARDIZEM: erythema multiforme; leukopenia: and 
extreme elevations of alkaline phosphatase, SGOT, SGPT, LDH, and CPK. However, a definitive cause and effect between these events and 
CARDIZEM therapy is yet to be established 
OVERDOSAGE OR EXAGGERATED RESPONSE 

Overdosage experience with oral diltiazem has been limited. Single oral doses of 300 mg of CARDIZEM have been well tolerated by healthy 
volunteers. In the event of overdosage or exaggerated response, appropriate supportive measures should be employed in addition to gastric 
lavage. The following measures may be considered: 


Bradycardia Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, administer isoproterenol cautiously. 
High-Degree AV Block Treat as for bradycardia above. Fixed high-degree AV block should be treated with cardiac pacing. 

Cardiac Failure Administer inotropic agents (isoproterenol, dopamine, or dobutamine) and diuretics. 

Hypotension Vasopressors (eg, dopamine or levarterenol bitartrate). 


Actual treatment and dosage should depend on the severity of the clinical situation and the judgment and experience of the treating physician. 

The oral LD5g's in mice and rats range from 415 to 740 mg/kg and from 560 to 810 mg/kg, respectively. The intravenous LDso's in these 
species were 60 and 38 mg/kg, respectively. The oral LD; in dogs is considered to be in excess of 50 mg/kg, while lethality was seen in 
monkeys at 360 mg/kg. The toxic dose in man is not known, but blood levels in excess of 800 ng/ml have not been associated with toxicity. 


DOSAGE AND ADMINISTRATION 

Exertional Angina Pectoris Due to Atherosclerotic Coronary Artery Disease or Angina Pectoris at Rest Due to Coronary 
Artery Spasm. Dosage must be adjusted to each patient's needs. Starting with 30 mg four times daily, before meals and at bedtime, dosage 
should be increased gradually (given in divided doses three or four times daily) at one- to two-day intervals until optimum response is obtained. 
Although individual patients may respond to any dosage level, the average optimum dosage range appears to be 180 to 240 mg/day. There are 
no available data concerning dosage requirements in patients with impaired renal or hepatic function. If the drug must be used in such patients, 
titration should be carried out with particular caution. 

Concomitant Use With Other Antianginal Agents: 

1. Sublingual NTG may be taken as required to abort acute anginal attacks during CARDIZEM therapy. 

2. Prophylactic Nitrate Therapy—CARDIZEM may be safely coadministered with short- and long-acting nitrates, but there have been no 

controlled studies to evaluate the antianginal effectiveness of this combination. 

3. Beta-blockers. (See WARNINGS and PRECAUTIONS.) 
HOW SUPPLIED 

CARDIZEM 30-mg tablets are supplied in bottles of 100 (NDC 0088-1771-47) and in Unit Dose Identification Paks of 100 (NDC 0088-1771 -49). 
Each green tablet is engraved with MARION on one side and 1771 engraved on the other. CARDIZEM 60-mg scored tablets are supplied in bot- 
tles of 100 (NDC 0088-1772-47) and in Unit Dose Identification Paks of 100 (NDC 0088-1772-49). Each yellow tablet is engraved with MARION 
on one side and t772 on the other. Issued 4/1/84 


See complete Professional Use Information before prescribing. 
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For every professional with an 
interest in Exercise and the Heart. 
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This comprehensive work covers every aspect of exercise and 
its role in Diagnosis, Treatment, and Prevention of cardiac 
disease. 


The scope of EXERCISE IN CARDIOVASCULAR HEALTH 
AND DISEASE is so broad that it goes from something as basic as 
a detailed study of the heart muscle itself to the latest advances in 
cardiac rehabilitation. 


Special attention is given to such subjects as: 

O Present status of exercise testing and training in terms of 
physiological bases and clinical applications 

C] Nuclear cardiology 

O Computer analysis of the exercise ECG 

O Stress myocardial scintigraphy 

O Various interpretations of exercise tests in the asymptomatic 
population 


The editors have brought together a distinguished group of 

specialists—all of whom have made major contributions to the 
field. Included are outstanding scientists, clinicians, exercise 
physiologists, and physical educators. 
For you who have any interest—professional or personal—in 
exercise and the heart, we urge you to /ook at a copy of 
EXERCISE IN CARDIOVASCULAR HEALTH AND DISEASE. 
That's right! You're invited to look it over before buying it. 

Send for your copy of Exercise in Cardiovascular Health and 

Disease today. Then use it for 30 days without risk. 


in Cardiovascular 
Health and Disease 


Edited by 
Ezra A. Amsterdam, MD, Chief Coronary Care Unit. 
Univ. of Calif. School of Medicine 
Jack H. Wilmore, PhD. Professor and Head Dept. 
of Physical Education & Athletics, Univ. Arizona 
Anthony N. DeMaria, MD, Dir. Echocardiography Section, 
Univ. of Calif. School of Medicine 


SEPTEMBER 1977, 408 PAGES, ILLUS. 
nn UU UEXÁ» 


Yorke Medical Books AJCIS 
Box C-757. Brooklyn, New York 11205 


Please send me a copy of EXERCISE in Cardiovascular Health and Disease 
for 30 days free examination and use. If | decide to keep it, your invoice 
will be honored ($42.50 rlus shipping cost). Otherwise, the book will be 
returned for full refund or credit. 


C] Full payment enclosed, publisher pays shipping. 
O Please bill me, plus cost of shipping. 
O Charge my credit card: [I] MasterCard ( Visa. 
Card NO... uu Expire Date. .  '. "MENS 
New York residents add applicable sales tax. Countries outside Western 
Hemisphere add $5.00 per copy. 
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Director 
Division of Cardiology 
Saint Luke's Hospital 

Cleveland, Ohio 





Saint Luke's Hospital is a 474 bed tertiary teaching hospital affiliated with Case Western 


Reserve University School of Medicine. 


The Director, Division of Cardiology will be a member of the Department of Medicine's 
medical administrative team reporting to the Director of the Department of Medicine. 


Position expectations will include the management of the Division of Cardiology, clinical 
invasive and non-invasive work, teaching and management of assigned residents. 


The hospital offers an excellent benefit package and a competitive salary. An active private 


practice is welcome. 


Candidate should be Board Certified in Internal Medicine and Cardiology with a minimum of 
five years' post certification experience. Must possess excellent skills, some management and 


teaching experience is preferred. 


Curriculum Vitae is to be submitted to: 


Melvin S. Rosenthal, M D 
Director, Department of Medicine 
Saint Luke's Hospital 
11311 Shaker Boulevard 
Cleveland, Ohio 44104 


We are an Equal Opportunity Employer M/F/H 
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CARDIOVASCULAR PHARMACOLOGY 


Effects of Continuous Infusion of Intravenous Nitroglycerin on Methemoglobin Levels 
SELBY A. SAXON and MARK E. SILVERMAN 


The effect of continuous infusion of intravenous nitroglycerin on methemoglobin levels was studied in 24 
patients. There was no significant difference from baseline methemoglobin levels during the nitroglycerin 
infusion. 


EXPERIMENTAL STUDIES 


In Vitro Study of the Pressure-Velocity Relation Across Stenotic Orifices 
MAYLENE WONG, GOVINIDAN VIJAYARAGHAVAN, JONG HOA BAE, and PRAVIN M. SHAH 


In a hand-driven in vitro model, the pressure-velocity relation across stenotic orifices was studied from simulta- 
neous measurements recorded over a wide range of pressure and across different-sized orifices, individually 
and paired. Velocity spectra were recorded with continuous-wave Doppler ultrasound. In a rigid, noncompliant 
system, integrated instantaneous maximal velocities register precisely simultaneous integrated pressure gradi- 
ents. Across stenotic orifices 5 to 10 mm in diameter, the pressure-velocity relation is independent of orifice 
size for pressures of —30 to +240 mm Hg. The relation is curvilinear, crosses 0 and is transformed by the Ber- 
noulli equation to a linear relation. In the presence of 2 different-sized orifices the relation remains constant, 
with a given pressure producing 2 identical velocities. 


Effect of Diltiazem and Ibuprofen on Right Ventricular Hypertrophy in an Experimental Model of 
Hypoxic Pulmonary Hypertension 


WILLIAM C. REEVES, MARY ANN WOOD, LAWRENCE WHITESELL, and NANCY SCHILDT 


Diltiazem, a slow channel calcium blocker, and ibuprofen, a nonselective inhibitor of prostanoid synthesis, sig- 
nificantly reduced right ventricular mass in a rat model of chronic hypoxic pulmonary hypertension. In contrast, 
selective inhibition of thromboxane A» was ineffective in reducing right ventricular hypertrophy. 


Effects of Repeated Brief Coronary Occlusion on Regional Left Ventricular Function and Dimension in 
Dogs 
JOHN M. NICKLAS, LEWIS C. BECKER, and BERNADINE HEALY BULKLEY 


The cumulative effects of repeated, brief episodes of regional ischemia on myocardial function and dimension 
were examined in 14 open-chest dogs. The left anterior descending coronary artery was occluded for 5 minutes, 
followed by 10 minutes of reflow, repeated 16 times, with a final 1 hour recovery. Systolic function declined pro- 
gressively in segments made repeatedly ischemic and remained depressed even after 1 hour of recovery, while 
end-diastolic segment length progressively increased. Nonischemic end-diastolic segment length showed a 
smaller but parallel increase, while nonischemic systolic function showed compensatory improvement. After 
the dogs were killed, myocardial staining with triphenyl tetrazolium chloride revealed no necrosis, and electron 
microscopy showed no evidence of irreversible injury. Myocardial blood flow, measured with microspheres, 
showed no significant change in flow to the postischemic territory. Thus, in the dog, progressively abnormal re- 
gional systolic function and regional and global diastolic dilatation can be produced by repetitive, brief coronary 
occlusions, which are not associated with histochemical or ultrastructural evidence of myocardial necrosis. 


EDITORIALS 


179 Cardiac Imaging with Ultrasound: Rightside Up or Upside Down? 
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HOWARD P. GUTGESELL 


Continued on page A47 
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ng PROCARDIA or at the time of dosage increases. The mechanism of this response is not established 
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Laboratory tests: Rare, un transient, but occasionally significant elevations of enzymes such as alkaline ph 
phatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA (nifedipine) therapy is uncert 
in most cases, but probable in some. These laboratory abnormalities have rarely been associated with clinical Syr 
toms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic hepatitis have bi 
reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet aggregat 
and increase in bleeding time in some PROCARDIA patients. No clinical significance tor these findings has bi 
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Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine ot twelve normal voluntee 
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patients with elevated digoxin levels, itis recommended that digoxin levels be monitored when initiating, adjusting, a 
discontinuing PROCARDIA to avoid possible over- or under-digitalization 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking couma 
anticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has showna Significant increase in peak nifedipine plasma levels (80 
and area-under-the-curve (74%) after a one week course of cimetidine at 1000 mg per day and nifedipine at 40 mg | 
day. Ranitidine produced smaller, non-significant increases. If nifedipine therapy is initiated in a patient currently | 
ceiving cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for two ye 
and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced fertility at a da 
approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies were negative 

ey A Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in rats, mi 
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pregnancy only if the potential benefit justifies the potential risk to the fetus 
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associated with an increase in anginal pain, possib y due to associated hypotension. 

In addition, more serious adverse events were observed. not readily distinguishable trom the natural history of lI 

disease in these patients. It remains possible, however, that some or many of these events were drug related. Myocardi 
infarction occurred in about 4% of patients and congestive heart failure or pulmonary edema in about 2%. Ventricul 
arrhythmias or conduction disturbances each occurred in fewer than 0.5% of patients. 
HOW SUPPLIED: Each orange, soft gelatin PROCARDIA CAPSULE contains 10 mg of nifedipine. PROCARDIA CAI 
SULES are supplied in bottles of 100 (NDC 0069-2600-66), 300 (NDC 0069-2600-72), and unit dose (10x10) (ND 
AO d The capsules should be protected from light and moisture and stored at controlled room temperatu 
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Every Cardiologist, Internist, Pediatri- 
cian, Surgeon — Indeed, Every Physi- 
cian — Should Have a Good Basic 
Knowledge of The Pre-excitation Syn- 
drome. Here Are Just a Few Reasons 
Why This is so Essential: 


* !^ of all pre-excitation cases are 
misdiagnosed. 

* 5% to 10% of all tachycardias in 
adults are produced by pre-excitation. 

e [n % of all infants under 10 months 
of age with life-threatening tachycar- 
dias, the tachycardias are actually 
secondary to pre-excitation. 

* !^ to !^ of all children with pre- 
excitation have an additional heart 
disease. 


Starting with Wolff, Parkinson and 
White's classic paper, this book gives a 
comprehensive summary of all impor- 
tant facts of pre-excitation, plus the 
authors' personal experiences of follow- 
up studies on patients through many 
decades. It also brings a broad view of 
the literature and discusses the different 
structural and physiological aspects 
which form the pathomechanism of 
pre-excitation. 


“What is offered richly in this book is 
a methodical and comprehensive 
analysis of virtually all currently 
available knowledge on the subject. 
This is done with an admirable even- 
handedness, dealing objectively with all 
viewpoints but at the same time 
evaluating relative strengths and 
weaknesses of each observation and 
hypothesis. There is brought a wisdom 
here which only time and experience 
can provide. The encyclopedic 


references alone would make the book 
invaluable to anyone seriously in- 
terested in the Wolff-Parkinson- White 
syndrome. But when knowledgeable 
discussion and personal observations 
are added, it is genuinely a monumental 
contribution to clinical cardiology and 
cardiac electrophysiology. ” 


Thomas N. James, MD 


The Mary Gertrude Waters Professor 
of Cardiology and Chairman of the 
Department of Medicine, The Uni- 
versity of Alabama in Birmingham, 
and Physician-in-Chief, University of 
Alabama Hospitals 


The 13 Chapters Are a 
Comprehensive Summary 
1. General Considerations 
2. The Electrocardiogram in the Pre- 
excitation Syndrome: Complexes 
and Configurations 
3. The Electrocardiogram in the Pre- 
excitation Syndrome: Disturbances 
of Rate and Rhythm 
4. Pathology 
5. Noninvasive Methods of Investi- 
gation 
6. Invasive Methods of Investigation 
7. Prognosis 
8. Treatment 
9. Problems of Diagnosis — Some 
Illustrative Cases 
10. Summary of Findings and Theories 
of Pre-excitation Syndrome 
11. Concept of Interacting Structural 
and Functional Factors 
12. Explanation of Some Phenomena 
of the Pre-excitation Syndrome by 
the Proposed Concept 
13. Various QRS Patterns in the 
Different Forms of Pre-excitation 
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Differentiation Between Acute and Healed Myocardial 
Infarction by Signal Averaging and Color Encoding- 


Two-Dimensional Echocardiography 


P. ANTHONY N. CHANDRARATNA, MD, RICHARD ULENE, MD, 


ANANDA NIMALASURIYA, MD, CHERYL L. REID, MD, 
DAVID. KAWANISHI, MD, and SHAHBUDIN H. RAHIMTOOLA, MB 


To evaluate the ability of a system developed in our 
laboratory to differentiate between acute and healed 


myocardial Infarction (MI), gated 2-dimensional - 
echocardiography was performed In 10 patients with © 


recent MI (within 48 hours) and 10 patients with 
healed MI (later than 4 weeks). The 2-dimensional 
echocardlographic images were digitized using a 
Datacube VG-120 videoframe digitizer and each 


pixel value at any given location was determined . - 


using a high-resolution light pen. Color or pixel val- 
ues were not sign 
of acute MI (pixel intensity 23 + 3, mean + standard 
deviation) identified by a regional wall motion ab- 


. normality, and the adjacent normal muscle (23 + 


digitized videoframe (320 X 240 matrix) was. - 


transmitted using a high-speed serial data link to a 
second computer and stored on floppy disc. Flve 


gated video frames of each patient were time-av-. 


eraged to give a smoothed digitized. image. This 
Image was displayed on high-resolution color 
monitor connected to a color graphic subsystem. 
Sixty-four colors indicated pixel Intensity. The exact 


j| 
| 
Acute Imyocardial infarction (MI) often produces left - 
ventricular (LV) regional wall motion abnormalities 
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, 


4). In each patient with healed MI, an Increase In 


color intensity and plxel value (43 i 6) was seen in 


the area of MI (i.e., area of regional wall motion 
abnormality) compared with adjacent normal 


muscle (23 + 2) (p <0.001). These preliminary data - 


In selected patients Indicate that this technique 


enables differentiation between acute and healed - 
MI. It could be of value in management of patients | 

p suspected MI. l 
| | (Am J Cardiol 1985;56: 381-384) 


(RWMA) detectable by 2-dimensional echocasdiomra- 


phy (2-D echo).-? However, LV RWMA are also found 


in patients with acute myocardial ischemia without MI, 
in areas adjacent to MI, in healed MI, in myocarditis 


. and with cardiomyopathy.*$ In this investigatiori we 


determined whether a computer system developed in 
our laboratory that color encodes and signal averages 
digitized 2-D echocardiograms is of value in differen- 


| ae between acute and healed ME ka 


E 


different between the area 





' 382 ` IMAGE PROCESSING.OF ECHOCARDIOGRAM | 


Methods . 


is enenéictnl esta was —— in 20 patients with 
. a transmural MI proved by history, electrocardiogram (ECG) 
- and creatine kinase isoenzyme determinations. All patients 
had LV RWMA and the site of asynergy was presumed to be 
the site of MI. Only patients who had their first MI were in- 
_ cluded in the study. Two-dimensional echo was performed 
within 48 hours of the acute MI in 10 patients (group 1, acute 
MI), and more than 4 weeks after acute MI in 10 (group 2, 
. healed MI). In group 1, five patients had anteroseptal MI and 
- P had inferior MI and in group 2, six had anteroseptal MI and 
4 had inferior MI. To permit signal averaging of echocardio- 
 gráms, the echocardiograms were gated to the end of the T 
wave of the ECG or to the onset of the QRS complex. 

Image acquisition processing system: Selected series of 
l videotaped i images were digitized using a Diasonics Cardio 
‘Revue Center (CRC). The CRC has a JVC model BR-6400U 
VHS videocassette recorder and.a Sony model SVM-1010 
video motion analyzer. The CRE consists of a magnetic video 
disc; a Polaroid camera and an 8080-based microcomputer 
incorporating a 5-megabyte hard disc, a Datacube model 
VG-120 video frame digitizer and graphic display controller, 
dual 5-inch floppy disc drives, a dot-matrix printer, a key- 
board and a cathode ray tube (CRT) display. The Datacube 
model VG-120 digitizes a full field of analog video data 
(RS-170 EIA standard analog signal) with a resolution of 320 
. horizontal (H) by 240 vertical (V) picture elements (pixels) 
by 64 gray levels and downloads the binary result to on-board 


random access memory (RAM) in real time, while simulta- 


neously converting the binary data in the RAM back into 


analog video data viewable on a CRT monitor. In addition, the _ 


microprocessor has read/write access to any single pixel con- 
tained in the on-board RAM. 


We performed standardization of 2-D echo because ultra: ` 


“sound machines and video tape recorders vary in regard to 
video signal level. To negate the effects of these variations on 
color encoding, a standard video signal was presented to the 





FIGURE 1. Color encoded 2-dimensional echocardiogram (parasternal 


long-axis view) in a patient with new Inferior myocardial infarction. There 
‘Is no change in color or pixel Intensity (22) in the area of infarctlon 
(arrowheads) compared with adjacent normal muscle. Ao = aortic root; 
‘LV = lett ventricie. 


‘color monitor. 


to give a smooth image. Sixty-four selected colors indicated 


from within the wall. 


. showed no difference in color between the area of new 


gestion of increased tissue density i in the area of healéd | 


J 


. image digitizer. This was eiei using a sido pro- E 


cessing amplifier and an oscilloscope. 

Each digitized video frame was tranamitted through a. 
high-speed serial data link to a second computer for further | 
processing. This computer, a Compupro model 816/B, is an : - 
8085/8088-based microcomputer incorporating 64 kbytes ofe B 
RAM, dual 8-inch by 1.2-megabyte floppy disc drives, a Scion T 
Microangelo® color graphics subsystem, an RGB high-reso- E 
lution video display monitor and a high-resolution light pem: ^  . 
The digitized video frames were. stored on floppy discs after : 
transfer from the CRC and could be retrieved at any time — 
thereafter for display or processing. The Micro-angelo color 
system stored digitized color video images with a resolution 
of 480 H by 512 V pixels by 64 user-definable colors and si- 
multaneously converted the video data contained in the RAM _ 
into analog video signals capable of driving a high-resolution | 


Five gated video frames from each patient were averaged 


pixel intensity (pixel value). The pixel intensity at any given 
location could be ascertained using a high-resolution light pen. 
In all cases, at least 3 pixel values from each area were aver- . 
aged. When recording pixel values, we tried to avoid specular . 
reflections from the endocardium and DR by sampling 


Results 
Subjective assessment of 2-D echocardiograms ` 


MI and adjacent normally moving muscle (Fig. 1). In 
contrast, areas of healed MI showed a change in color 
compared with the adjacent normal muscle (Fig. 2) in 
all 10 subjects. The unprocessed image showed a sug- 


MI in 7 of 10 patients. 

Objective assessment of the 2-D echocardiogram by 
determination of pixel intensity revealed no significant 
difference in pixel value between areas of new MI (pixel 
intensity 23 + 3, mean + standard deviation) and ad- 





FIGURE 2. Color encoded 2-dimensional echocardiogram In a patient 
with old Inferior myocardial infarction. There is a change In color and 
Increase In pixel intensity (46) in the area of Infarction (arrowheads) . 
with adjacent normal muscle (26). The pixe! Intensity of the 
porum is 54. Ao = aortic root; Dog left ventricle. i 
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jacent normally moving muscle (23 + 4), whereas areas 
of healed (old) MI showed significant (p «0.001) in- 
creases in pixel intensity (43 + 6) compared to the ad- 
jacent normal muscle (23 + 2, Fig. 3). There was no 
overlap in pixel intensities between areas of infarcted 
fnuscle and normal muscle. 


Discussion 


Several experimental studies indicate that textural 
changes, which can be detected by 2-D echo, occur after 
creation of an acute MI."-1? Mimbs et al? observed that 
integrated back-scatter increased by 200% compared 
with values in control regions within 1 hour after coro- 
nary occlusion. Factors responsible for alteration of 
ultrasonic properties in acute MI include the develop- 
ment of interstitial and intracellular edema, and other 
changes. Characteristic histologic changes are not seen 
in the very early phases of MI. Mimbs et al noted an 
increase in cardiac fluid content in the acute phase of 
MI and believed that this was an important determi- 
nant of increased ultrasonic back-scatter. They also 
noted that increase in collagen content of the infarcted 
region was an important cause of increased back-scatter 
in the late phase of MI.!? A difference in gray level dis- 
tribution in closed-chest dogs 2 days after acute coro- 
nary occlusion has been shown.1? An analog system for 
color encoding 2-D echocardiograms by assigning dif- 
ferent colors to different intensities has been developed, 
and detected diseased areas.!* Serial 2-D echo has been 
performed after experimental MI.’ The echocardio- 
grams were then color encoded using an analog system 
that revealed a progressive increase in echo intensity in 
the area of MI that corresponded to an increase in scar 
tissue in that area. Our data indicate that scar tissue 
resulting from old MI can be detected by color encoding 
and signal averaging of 2-D echocardiograms. However, 
the differences in methods between our study and that 
used in previous studies must be emphasized. Parisi et 
al’ and Logan-Sinclair et al!4 used an analog system for 
color encoding 2-D echocardiograms with no ability to 
otherwise process the images; we used a system that 
enabled digitizing and, hence, signal averaging of echo- 
cardiograms that were subsequently color coded ac- 
cording to pixel intensity. 

The processed image showed clear demarcation of the 
area of healed MI as shown by a color difference in the 
area of wall motion abnormality (area of MI) compared 
with adjacent normally moving muscle. This subjective 
impression of a color change in the area of healed MI 
was confirmed by objective determination of pixel in- 
tensity in the infarcted area and comparing it with ad- 
jacent muscle. Although the unprocessed image showed 
a suggestion of increased tissue density in some patients 
with healed MI, color encoding revealed a striking 
change in color in all patients with healed MI. Àn in- 
crease in echo density in healed MI has been correlated 
with myocardial fibrosis.1519 The pixel intensity in areas 
of acute MI was not significantly different from that of 
adjacent normally moving muscle. In contrast, areas of 
healed MI exhibited higher pixel intensities than ad- 
jacent normal muscle. 


NEW MI QLD MI 
(10 PTS) (IO PTS) 
p*NS p «0.00! 
52 
48 x 
j Maon t SD : 
44 " 
E s 
z 36 a 
A^ 
z 32 
uj 28 ° 
x " oo a 
a- 24 ° e PY 
= 3 e 
eo : o : 
16 i 
"UM NR EN. Se es eee 


NORMAL INFARCTED NORMAL INFARCTED 
MYOCARD. MYOCARD. MYOCARD. MYOCARD. 


FIGURE 3. The pixel intensitles (plxel values) in patiente with new 
myocardial infarction (MI) and in those with old (healed) MI. in new MI 
the pixel intensity of the infarcted myocardium is not significantly dif- 
ferent from that of adjacent normally moving myocardium. The pixel 
Intensity In the area of old MI is significantly higher than that In adjacent 
normally moving myocardium. 


The influence of changes in gain setting on echo in- 
tensity must be emphasized. À high gain setting may 
result in an artifactual increase in echo intensity, 
especially in anteriorly situated structures. This phe- 
nomenon is unlikely to be important when comparing 
structures at the same depth such as different areas of 
the posterior wall of the left ventricle in the parasternal 
long axis view. We therefore compared areas demon- 
strating LV RWMA with adjacent areas that showed 
normal wall motion to avoid error caused by excessive 


. gain settings. 
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` Myocardial Infarction on Long-Term Prognosis: 


em of the Site of Infarction _ 


" PETER J. SCHWARTZ, MD, ANTONIO ZAZA, MD, SERGIO GRAZI, 
MICHELE LOMBARDO, MD, ANTONIO LOTTO, MD, CINZIA Brice MD, 
| and PAOLA ZAPPA, MD | | 


: Identification of high-risk aay of pationts after 
. acute myocardial infarction (AMI) is essential for 
- evaluation of targeted preventlve strategles. A 

case-control study was performed In 250 post-AMI 
patients to examine whether an episode of ven- 
tricular fibrillation (VF) during the In-hospital period 


. modifies the long-term prognosis for patients with : 


either an anterior or an Inferior AMI. After identifi- 
cation of 70 patients with an anterior AMI and 55 
patients with an inferior AMI, all complicated by VF 
-and discharged allve, we selected 125 additional 


patients who had an. AMI not complicated by VF . 


(control subjects). To minimize the potential sources 
of differences in outcome, cases and controls were 
matched for the following variables: sex (all men), 
age (same +2 years), coronary care unit (same), 
‘epoch of AMI (same +3 months), and site of AMI 
(same). Left ventricular dysfunction and prior AMI 
were present In only a few. patients. Patlents re- 
come either acute or long-term treatment with 
! blocking agents were not included. The | 
overige follow up was 59 months (range 12 to 120). 





"The current approach to.the prevention of sudden 


cárdiac death is largely based on clinical trials in pa- - 
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The cumulative mortality during the flrst 5 years for 
the patients with Inferior AMI without VF (696, 11%, 
1396, 1396 and 1396) was modest and not signifi- 
different from that of Inferior AMI complicated 
by VF (6%, 1196, 20%, 20%, and 26%). In con- 
trast, a striking difference appeared when the cu- 
mulative mortality of patients with anterior AMI 
without VF (996, 1396, 17%, 27% and 29%) was 
compared with that of patients with anterior AMI -x 
complicated by VF (32%, 40%, 46%, 49% and . 
54%) (p <0.005). This group also had a high Inci- 
dence of sudden death (7196), particularly in the 
first year after AMI. This finding is in contrast with 
the current view that VF does not modify the long- 
term post-AMI prognosis. In conclusion, patients who - 
are discharged alive after an anterior AMI compli- 
cated by VF represent a subgroup at very high risk 
of sudden cardlac death. For patients with an Inferior 
AMI, the occurrence of VF In the acute phase does 
not modify the long-term prognosis. . E 


(Am J Cardiol 1985; 56: 384-389) 


tients after acute myocardial infarction (AMI). The 


necessary enrollment of large numbers of patients; a . 
consequence is inclusion of many low-risk patients. The - 
growing number of studies on post. AMI risk stratifica- 
tion)? indicates an interest in more tailored inter- 
ventions. Our interest in the value. of high thoracic 
left sympathectomy, an. antifibrillatory and anti- ; 
opum intervention d dig to as left J 


t 
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TABLE! Patlent Group Characteristics 
Age Prior LV Late Cumulative 
Group No. (yr) AMI Dysfunction VF Mortallty* Sudden Death’ 
Anterior AMI 70 57 + 10 4 (696) 9 (1396) " 2996 8/17 (47%) 
Anterior AMI plus VF 70 57 X 11 11 (1696) 17 (2496) 7 (1096) 5496 24/34 (71%) 
If ferior AMI 55 569 3 (596) 5 (896) ane 13% 2/8 (33%) 
inferior AMI plus VF 55 57 X9 0 8 (1496) 7 (1396) 2696 4/8 (4496) 


* Data relative to 5-year follow-up. 
1 p «0.05 compared with other 3 groups. 


AMI = acute myocardial infarctlon; LV = left ventricular; VF = ventricular fibrillation. 


stellectomy,?-9 stimulated this attempt to identify a 
high-risk subgroup. 

Survivors of out-of-hospital ventricular fibrillation 
(VF) have a high recurrence rate,® although this appears 
to apply mostly to those without AMI. Anterior AMI is 
usually associated with sympathetic hyperactivity,’ 
which plays a critical role in sudden cardiac death.? 
These considerations led us, 10 years ago, to evaluate 
the possibility that the association between an anterior 
AMI and an episode of VF could identify a subgroup at 
a somewhat higher risk for sudden death. The dominant 
view was then and is now that VF in the patient with 
AMI does not adversely affect the long-term progno- 
815.9-11 However, in all previous studies,!2-!® patients 
were lumped together irrespective of the site of AMI, 
the number of patients studied was generally small, and 
the follow-up periods were usually short. Our initial 
results% in 1977 were so striking that we increased both 
the number of patients and the follow-up period and 
added a prospective part to what originally was a re- 
trospective study. Our final data confirm the sugges- 
tion?? that patients with an anterior AMI complicated 
by VF who are discharged alive from the hospital are at 
very high risk for sudden death. In contrast, an episode 
of VF does not modify the long-term prognosis for pa- 
tients with inferior AMI. 


Methods 


We examined the clinical data of 7,486 patients (20% 
women) admitted with an AMI to 3 coronary care units 
(Padiglione Sacco and Padiglione Emma Vecla, Ospedale 
Maggiore Policlinico; Padiglione Rizzi, Ospedale Maggiore 
Niguarda) between January 1, 1970, and December 31, 
1979. 

Population: Patients in whom AMI was complicated by a 
documented episode of VF during their stay in the coronary 
care unit and who were discharged alive were identified. When 
the exclusion criteria (to be described) were applied, this group 
was reduced to 125 patients (cases). They were subsequently 
divided into 2 subgroups according to the site of the AMT: 70 
patients had an anterior AMI and 55 had an inferior AMI, all 
complicated by VF. For each of these 125 patients, another 
patient who had also had an AMI not complicated by VF was 
selected (control) using the same criteria to perform a case- 
control study. 

To reduce to a reasonable minimum the potential sources 
of difference in outcome, cases and controls were matched for 
the following variables: sex (all men); age (same +2 years); 
coronary care unit (same); epoch of AMI (same +3 months); 
site of AMI (same). Left ventricular (LV) dysfunction of in- 
termediate degree and prior AMI occurred in too few patients 
(Table I) to be considered among the variables used for 
matching. 


Exclusion criteria: Patients in whom VF was clearly de- 
pendent on causes other than myocardial ischemia (such as 
electrolyte imbalance or drug administration) were not in- 
cluded in the study population. Similarly excluded were fe- 
male patients, patients older than 75, patients receiving short- 
or long-term treatment with B-blocking agents and patients 
with LV dysfunction of advanced degree (Killip class IV).?? 
Nontransmural and “true posterior" infarctions were not 
included. Only primary VF was considered; more specifically, 
VF associated with acute pump failure was not included. 

Data acquisition: The data from the period before January 


. 1976 were collected retrospectively and subsequent infor- 


mation prospectively. The state of health, current therapy 
and, when applicable, time and mode of death, were ascer- 
tained through direct phone calls to the patients or their 
families. Since 1976 these contacts were made once every year 
for the patients still alive. The mean follow-up for all patients 
was 59 months (range 12 to 120) for the patients alive. 

Definitions: Acute myocardial infarction: The presence 
of 3 factors: a clinical history of chest pain suggesting AMI, 
electrocardiographic signs of transmural lesion, necrosis or 
both, and characteristic changes in serum enzyme levels. 

Anterior vs inferior acute myocardial infarction: The site 
of infarction was classified according to the criteria of 
Schamroth.2? 

Left ventricular dysfunction: Classes II and III in Killip's 
claseification.?? 

'The mortality data are based only on deaths of cardiac or- 
igin. When deaths resulted from extracardiac causes (such as 
malignancy, accident or cerebrovascular accident) the patient 
was considered “lost to follow up” after the date of the last 
contact. Their survival experience was then computed ac- 
cording to the method described by Cutler and Ederer.^* We 
defined "sudden deaths" as those that occurred almost in- 
stantaneously and were witnessed. 

Statistical analysis: Long-term survival rates were cal- 
culated using the life-table method described by Cutler and 
Ederer.^^ Statistical significance of the differences in cumu- 
lative survival among the patients with and without VF was 
calculated using the purposive method of sampling described 
by Fleiss.” The relative risk of death was calculated according 
to MacMahon and Pugh.” A chi-square test was used when- 
ever a given variable might have been significantly different 
between 2 groups. 


Results 


Among the 250 patients studied after their discharge 
from hospital, 125 had VF during the AMI. The other 
125 had been closely matched to the former group of 
patients and represented the control group. Their main 
characteristics are listed in Table I. Although the pa- 
tients with anterior AMI plus VF had more previous 
AMIs and LV dysfunction compared with the controls, 
the difference in distribution was not statistically sig- 
nificant, and moreover, the number of patients involved 
was small. 
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: The presence of VF did not alter the survival for the . 


'The summary of our findings is shown in Figure 1. 


` patients with an inferior AMI; however, significantly 
. and dramatically increased mortality for the patients 


with an anterior AMI. In this group also the incidence 


.. of sudden death (71%) was higher compared with that 
. - of other groups (Table I). In patients with anterior AMI 


plus VF the incidence of sudden death in the first year 
after AMI was strikingly higher than in patients with 
anterior AMI without VF (61.5 vs 2296, p «0.05). In 


‘contrast, in the other 3 groups the episodes of sudden 
. death were uniformly distributed during the entire 


~~ 


. , follow-up period. 


;, The cumulative mortality during the first 5 years for 


— the patients with inferior AMI without VF (6%, 11%, 


13%, 18% and 13%) was modest and did not differ sig- 


nificantly from that of patients with inferior AMI 


complicated by VF (6%, 11%, 20%, 20% and 26%). In the 
latter group, however, the mortality tended to increase 
after the third year (0 to 2 years, difference not signifi- 
cant [NS]; 3 to 5 years, Z = 1.05, NS). In contrast, a 


. Btriking difference appeared when the cumulative 
. mortality during the first 5 years for patients with an 
anterior AMI without VF (9%, 1396, 17%, 27% and 29%) 
. was compared with that of patients with an anterior 
'.. AMI complicated by VF (32%, 4096, 46%, 49% and 54%), 





|. and the latter group already showed an alarmingly high 
. mortality in the first year after AMI (0 to 2 years, Z = 
` 8.42, p <0.005; 3 to 5 years, Z = 2.07, p <0.05). The cal- 
^ culated risk of death? in the first year after an anterior 
. AMI is 4 times higher if VF has occurred. : | 
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FIGURE 1. Survival curves for the 4 groups of patients (total 250) after 


hospital discharge. The numbers represent the number of patients 


studied at each interval. MI = myocardial infarction; VF = ventricular 


, "fibrillation. 


'The excess mortality in the patients with anterior 
AMI complicated by VF might have been partly due to 


a significant difference between patients who had their 


AMI in the early 1970s compared with those who en- 
tered the study in the late 1970s, because of either an 
evolution in the clinical management or unknowrf 
causes. Figure 2 shows that this is not the case because 


when the mortality of patients who had an anterior AMI. 


complicated by VF in the years 1970 to 1974 is com- 
pared with that of patients who had their episode in the 
years 1975 to 1979, there is no significant difference. 
This is particularly true for the first 2 years of follow-up 
when the number of patients enrolled in the late 1970s 
was sufficiently high. 

The inclusion of elderly patients may have contrib- 
uted to our results. Figure 3 shows the survival curves 
in patients with anterior AMT, with and without VF, 


when they were analyzed separately according to their 


age (older or younger than 65 years). Although a greater 
mortality is obviously present in the older age groups 
independent of the presence of VF, the major difference 
between the patients with and without VF is still en- 
tirely present in both age groups. 

Finally, the time of occurrence of VF could not play 
a critical role in our study because late VF occurred in 
only "/ patients (1096) with anterior AMI and 7 patients 
(18%) with inferior AMI. 
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FIGURE 2. Survival curves for patients after hospital discharge with - 


anterlor acute myocardial infarction (MI) complicated by ventricular 


fibrillation (VF) grouped according to the epoch of acute MI. The. 


numbers represent the number of patients studled at each Interval. 
Survival rates are not significantly different between the 2 groups at 
each interval. Only 4 years of follow-up are shown because of the 
few patients enrolled between 1975 and 1979 who could be followed 
for 5 years. í i 
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Discussion 


This case-control study based on 250 patients with ` 


AMI, complicated by VF in 125, shows that the occur- 
rence of VF modifies and severely worsens the long-term 
Prognosis for the patients whose AMI is anterior, 
whereas it has no long-term effects if the site of AMI is 
inferior. This finding is in contrast with current 
views? !! and-has several clinical implications. 
Long-term prognosis: When the survival curves for 
the 110 patients who were discharged alive after an in- 
ferior AMI are examined (Fig. 1), it is immediately ev- 
ident that for the first 2 years after AMI their risk of 


dying is identical independent of the presence or ab- 


sence of VF. In the following years the prognosis for the 
patients who had VF is slightly worse than that for the 
controls, but the difference is modest. Thus, this part 
of our study agrees with the current concept that there 
are no long-term effects when VF accompanies AMI. 

In contrast, the 2 survival curves for the patients with 
anterior AMI show an immediate and dramatic diver- 
gence. Indeed, those who had an AMI complicated by 
VF already have an extremely high mortality rate (82%) 
in the first year. 
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FIGURE 3. Survival curves for patients after hospital discharge with 
anterlor acute myocardial infarction (MI) grouped according to age and 


' presence of ventricular fibrillation (VF). The numbers represent the 


number of patients studled at each interval. Within each age group, 
survival rates are significantly lower In patlents with VF In the O- to 
2-year Interval ($65 years: Z = 2.6, p «0.01; 785 years: Z = 1.59, 
p = 0.05). 
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Within the limitations of a partly retrospective study, 
we considered confounding variables. The increased 
long-term mortality in anterior AMI plus VF does not 
depend on the inclusion of elderly patients (Fig. 3). 
Similarly, there has been no change in trend for patients 
who had AMI plus VF before or after 1975 (Fig. 2). The 
small number of patients involved makes it unlikely 
that the slightly higher incidence of reinfarctions and 
LV dysfunction, known to contribute together with an 
anterior AMI to a more adverse prognosis," may have 
played an important role in the mortality in the group 
with anterior AMI plus VF. 

'The mode of death also shows a different pattern in 
the group with anterior AMI complicated by VF. Among 
these patients the incidence of sudden death was 71%, 
considerably higher than in other groups in which 
sudden death accounted for about 4096 of cardiovascular 
mortality. During the first year sudden death accounts 
for 73% of cardiovascular mortality vs 33% in the group 
with anterior AMI without VF; after the first year the 
incidence of sudden death becomes similar and if only 
nonsudden deaths were considered, there would be al- 
most no difference in the first-year mortality between 
the 2 groups (9 vs 6%). This points to electrical insta- 
bility more than to pump failure as the main cause of 
death in the group with anterior AMI plus VF. 

The survival curve of the patients with anterior AMI 
plus VF shows another interesting aspect. The slope of 
the curve is very steep in the first year, while subse- 
quently it becomes almost parallel to the slope of the 
curve of patients without VF. Thus, the true difference 
in mortality is limited to the first year. Two explana- 
tions seem reasonable. 'T'he first, and more intriguing, 
is that these patients have a time-limited excessive 
cardiac electrical instability; if they survive the first year 
after AMI, their risk of dying will be similar to that of 
patients with an anterior AMI without VF. This possi- 
bility is supported by the high incidence of sudden 
death in the first year and by pathophysiologic con- 
siderations. Should this interpretation be correct, it 
would be all the more important to protect, even using 
aggressive preventive maneuvers, these patients during 
their first year after AMI because there would be a good 
chance to take them out of the high-risk period. How- 
ever, there is a sinipler and less exciting possibility. 
Perhaps within the patients with anterior AMI and VF 
there are 2 subgroups: 1 with a low or normal mortality, 
not different from the uncomplicated anterior AMI, and 
the other with an excessive and early mortality that 
disappears within the first year, so that its portion of the 
curve becomes truncated. These patients may include 
those at higher risk because of either prior AMI?! or LV 
dysfunction, or VF occurring more than 4 hours after 
the onset of symptoms." 

Pathophysiologic considerations: Myocardial in- 
farction results in sympathetic denervation to regions 
below the infarct. This is a postganglionic denervation 


‘bound to produce denervation supersensitivity lasting 


for the 9 to 12 months necessary for reinnervation to 
take place. Excessive regional responses to circulating 
catecholamines are likely to contribute to the electrical 
instability of the after AMI period. In addition, the site 
of AMI acquires particular importance. Indeed, with 
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TABLE I Comparison of Present Study with Previoys Studies 


Maximum 
y Age 
^, .Study/Year (yr) Sex Method 
Robinson 2/1965 NS M-+F Single group 
- Stannard'?/1969 68 M+F Single group 
Geddes 4/1967 NS M+F Single group 
Lawrle!5/1969 77 M+F Single group 
" Dupont!6/1969 70 M-KF Single group 
McNamee 17/1970 79 M+F Single group 
 Sloman5/1973 NS M+F Group 
comparison 
Conley7/1977 NS M-+F Group 
comparison 
Goldberg??/ 1979 NS MF Group 
pL comparison 
Present 
l 75 M Case-control 
* p «0.025 
t p «0.01. 


. Mean 
Site of Follow-Up First Year 
AMI No (months) Mortality (%) 
Atl 8 - m5 0 e 
A+i 20 40 10 l 
(454) . 
Atl 50 9 22 
; (1-29) 
Ati 41 12 12 
(NA) 
Atl 25 25 28 
(7-72) 
Acl 151 15 21 
(1-58) 
A+] VF 32 12 VF 31 
No VF 225 (NA) No VF 14 
AH VF 60 30 VF 30, 
No VF 705 (NA) No VF 26 
A+ VF 70 VF 20 
No VF 882 (12-120) No VF 15 
A VF 70 VF 32, 
No VF 70 No VF 8 
i VF 55 59 VF Í 
No VF 55 (12-120) No VF 6 


* p «0.001 (In order to allow a comparison, these values have all been calculated by means of a x? test; therefore, they may differ slightly from 
" those reported elsewhere In the text, according to the different statistical methods used). 
AMI = acute myocardial Infarction; A+I = anterior and inferior AMIs lumped Jogether, (The site of AMI was not among the variables anatyzed.); 


NA = not applicable; NS = not specifled; VF = ventricular fibrillation. 


anterior AMI the sympathetic denervation involves 
mostly fibers originating from the right sympathetic 
chain. 'l'his creates the arrhythmogenic sympathetic 
imbalance with dominance of left-sided nerves.?9:30 
Also, this proarrhythmic condition is time-limited, 
. lasting for the time necessary for reinnervation to occur. 
` The situation is different with an inferior AMI because 
. the nerves that are destroyed are mostly the left ones, 
‘which carry the greatest arrhythmogenic potential. 3,8 
- Thus, in a patient with inferior AMI, the ensuing de- 
 nervation would produce 2 opposite effects that might 
-annul themselves, minimizing the unavoidable post- 
. AMI reduction in cardiac electrical stability. Inter- 
: estingly, the protective effect of 6-blocking agents has 
` been initially found to be particularly evident in pa- 
‘tients with anterior AMI?! 
A sstudy in conscious dogs with healed anterior AMI 
. showed the existence of 2 groups with different sus- 
. ceptibility to VF largely independent of infarct size and 
hemodynamic impairment.?? The subgroup more sus- 


ceptible to sudden death can be identified in advance ` 


by the presence of a major impairment in the baroreflex 
 sensitivity.?? In the same subgroup there is evidence for 
. marked supersensitivity to catecholamines in the region 
closer to the infarction, while this is much less evident 
‘in the subgroup more resistant to VF.9* This finding 
agrees with the observation of Barber et al?? and may 
'suggest a more widespread neural damage in the ani- 
 mals with greater electrical instability. The reduction 
. in the baroreflex sensitivity present in many patients 
.with AMI is transient and within 1 year after AMI the 
same patients show a definite trend toward a return of 
the baroreflex slopes to normal values.?5 

. From these facts, the following tentative conclusions 
are possible. Myocardial infarction leads to a nonuni- 
form destruction of cardiac nerves. Anterior AMI is 


more likely to create an arrhythmogenic sympathetic 
imbalance. The post-AMI increase in electrical insta- 
bility is transient and may be reduced, within a year, at 
the time of cardiac reinnervation. The occurrence of VF 
does not per se modify electrical stability; actually, it 
may simply be a marker of an already greater suscep- 
tibility to VF. The lesser significance of VF accompa- 
nying an inferior AMI may result from the compensa- 
tory destruction of left-sided sympathetic nerves, from 
the more frequently modest hemodynamic impairment 
and from the greater propensity to elicit vagal reflexes’ 
with a protective effect on electrical stability.92-96 
Programmed extrastimulation elicited sustained 


ventricular tachyarrhythmias much more frequently i in 


patients with AMI complicated by VF than in patients 
with AMI without VF.*’ Thus, excessive propensity to 
malignant arrhythmias persists for some time (1 to 24 
months) after AMI complicated by VF, a finding that 
supports our concept of an excessive electrical insta- 
bility in patients with anterior AMI plus VF. 

These considerations, despite some degree of over- 
simplification, may help in understanding some of 
the factors contributing to the long-term prognosis 
of patients with AMI whether or not complicated 
by VF. 

Other studies: What is the basis for the consensus 
that VF in the acute phase of a myocardial infarction 
does not modify the long-term prognosis? From analysis 
of the studies!2-19,5839 -on which current opinion is 
formed, we have reached some unexpected conclusions. 
Table II lists the most relevant data and the first-year 
mortality from those studies and provides the basis for 
our conclusions. It does not include 1 study!’ of 25 pa- 
tients with AMI plus VF with a 2-year mortality of 32% 


because it was not possible to extract the m year 


mortality. 
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One study?? defined “long-term survival" as survival 
beyond 6 weeks and is clearly not relevant to the true 
long-term post-AMI prognosis. With 2 exceptions, 1?:1 
the mortality among patients with AMI and VF is def- 
jnitely higher than that expected for patients with AMI 
not complicated by VF. Indeed, a first-year mortality 
rate of 2196,17 2296,14 289018 or 319,18 &hould not have 
been considered normal for patients after AMI. 

Thus, before our own study, most reports had indi- 
cated that the long-term probabilities of survival were 
less for patients in whom AMI had been complicated by 
VF. The following might have been contributory factors 
to the delayed acceptance of this fact. The initial studies 
were small and without adequate group comparison; 
thus, mortality rates that were rather high may have 
been misinterpreted as normal. In most studies there 
is a preponderance of patients with inferior infarction; 
because their long-term prognosis is unaffected by the 
association with VF, a considerable amount of blunting 
has to be expected. Even in our own study, had we an- 
alyzed together all AMIs with VF, the first year mor- 
tality would have been 20%, identical to that found by 
Geddes,!4 McNamee" and their co-workers. Moreover, 
in our study there was a preponderance of anterior 
AMIs (70 vs 55); with an opposite ratio, the first year 
mortality would have been 17% and, without a group 
comparison, we would have probably concluded that 
there was a lack of adverse effect when VF accompanies 
an AMI. 

Apparently the misconception of the long-term sig- 
nificance of VF complicating AMI stems largely from 
methodologic limitations of earlier studies. In turn, 
these have led to erroneous conclusions, which were first 
passively accepted and then became self-perpetuating. 
We believe that our results are not at variance with 
previous results but that the case-control method and 
the design of the study, with attention paid to the site 
of the infarct, have allowed the disclosure of a clinically 
important finding. 
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"The r to sublingual Isosorbide dinitrate normal and diseased coronary arterial segments. 
: (ISDN) was studied In 10 men with suspected cor- , Normal epicardial segments were ‘grouped ac- 
-onary artery disease undergoing coronary arterl- : ha to luminal area (1 to 4, 4 to 8 and more than 
_ ography. A Swan-Ganz catheter was placed inthe : ) and demonstrated maximal: area dilation at 
pulmonary artery to record hemodynamic response. ' Hee minutes of 5596 (p <0.01), 2996 (p <0.01) and | 
- Diseased coronary segments were identified during 16% (p <0.05), respectively. Diseased epicardial 
routine Judkins selective coronary anglograms. . segments. (stenosis 50% or greater) dilated 51% 
Sublingual Isosorbide dinitrate (ISDN) (5.or 10 mg) (p <0.01) at 10 minutes. Calculated stenosis re- 
' was then given with the catheters In place. Multiple — sistance decreased 40% (p «0.01). Diseased 
sequential single-view coronary anglograms and: segments in small and middle-sized arteries (1 to - 
' pulmonary and systemic hemodynamic responses . 8 mm?) are 4 times more reactive than those In 
were recorded over 30 minutes after drug admin- larger arteries (more than 8 mm?), with peak dilation 
‘istration. At 30 minutes, there was a 5396 reduction of 77 vs 2196 (p <0.01) at 30 minutes. These re- 
(p <0.01) In pulmonary capillary wedge pressure : sponses occurred within 3 minutes after ISDN ad- 
and a 15% decrease (p «0:05) in systemic and ministratlon, peaked at 10 minutes and persisted, - 
‘pulmonary vascular resistance, with a net 13% . unchanged, for the remalning 20 minutes. The re- ' 
‘decrease (p <0.01) In cardiac output and 20% „sponse of epicardial arteries to ISDN is the maxi | 
‘decrease (p «0.01) In mean arterial pressure. mum observed with any coronary vasodilating | hi 
Quantitative arteriography demonstrated substantial drug. | 
dilation of luminal ‘cross-sectional area In both - , (Àm J Cardiol 1985;56:390-395) 
Isosorbide dinitrate (ISDN) is an organic nitrate that -relieving angina pectoris, although their mechanisms 
has effects on the cardiovascular system that are qual- ^ ` are complex and often debated. The classic description 
itatively similar ‘to those of nitroglycerin (NTG). of nitrate action is reduction of myocardial oxygen de- 
Goldberg! reported in 1948 that ISDN ranked consis- ` mand through reduced afterload (systemic pressure) 
tently among the most active of the long-acting nitrates and preload (left ventricular end-diastolic volume and 
in speed of action and magnitude and duration of effect. pressure).2 The effectiveness of NTG as a coronary 
‘Organic nitrates are known for their effectiveness i in vasodilator has been well studied. Early angiographic 
ee.  . Observations by Winbury, Sones, Gensini, and Likoff 
From the Department of Medicine, Cardiology Division, and Cardio- -© and co-workers$-? described coronary arterial dilation 
Kos fractal and ipii: LR nose. E Mice) weh hed 3 Ly ous num Further observations es- 
Seattle, Washington supported ta NTG as a dilator of coronary collaterals and 
D Hes pps pao be ME Higiene te .  lerge undiseased epicardial arteries.10-12 However, there js 
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coronary segments. In clinically effective doses, NTG 

does not dilate the coronary arteriolar resistance =. 
bed.1012-14 Gensini et al,15 in 1971, demonstrated sig- |. 57 
nificant dilation of apparently normal segments of ^ 
hurnan coronary arteries after sublingual ISDN treat- . 
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ment. Rafflenbeul et al! found that ISDN dilates dis- 
eased segments. 

The hypothesis that NTG caused a hemodynamically 
significant dilation of the actual atherosclerotic coro- 
mary lesion has been reexamined.!? Using a method for 
computer-assisted analysis of angiograms,1? the phys- 
iologic importance of seemingly small amounts of 
N'TG-induced stenosis dilation was demonstrated. 

In this study, we examine the hypothesis that ISDN, 
as a potent and long-acting organic nitrate, causes a 
similar dilation of the atherosclerotic coronary lesion. 
Our approach includes computer-assisted measure- 
ments of the response of normal and diseased epicardial 
coronary artery segments to ISDN over 30 minutes. We 
believe that in most cases, an important component of 
the beneficial effect of ISDN derives from direct ste- 
nosis dilation, and that ISDN is at least as potent and 
is more prolonged in its effect on epicardial coronary 
arteries than NTG. 


Methods 


Patient study—sublingual isosorbide dinitrate: Ten 
men with symptomatic coronary artery disease underwent 
cardiac catheterization. Five patients had exertional angina 
plus episodes of rest pain with associated ST-segment de- 
pression; none had variant angina.!® All cardiac medications 
were held for 12 hours before catheterization. Patients were 
excluded from the study if they used sublingual NTG within 
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FIGURE 1. Averaged responses to sublingual isosorbide dinitrate (ISDN) 
in 10 patients. Paired t and 1-way analysis of variance statistical 
comparison of measured values at given point with those at time 0 
control: t p «0.05; * p «0.01. HR = heart rate; Peg = pulmonary 
capillary wedge pressure; Pga = systemic artertal pressure. 


4 hours of catheterization. Patients were also excluded if they 
had a myocardial infarction within the preceding 2 weeks, 
severe hypertension (blood pressure greater than 180/120 mm 
Hg), systolic blood pressure of less than 90 mm Hg, severe 
coexistent cardiac or systemic disease state, or a history of 
nitrate intolerance. 

Patients underwent left- and right-sided cardiac cathe- 
terization using Seldinger technique via the femoral artery and 
vein, with placement of selected aortic catheters and a 


-Swan-Ganz thermodilution catheter in the pulmonary artery. 


Hemodynamic measurements included right atrial, pulmo- 
nary artery, and pulmonary capillary wedge pressures, ther- 
modilution cardiac output averaged over 3 injections of iced 
saline solution, and systolic, diastolic and mean arterial 
pressures. Left ventricular angiography and coronary angi- 
ography were performed; the videotape was reviewed to select 
a projection that best demonstrated 1 or several diseased 
epicardial coronary artery segments. Hemodynamic mea- 
surements before ISDN and the selected angiographic view 
were repeated a mean of 20 minutes after the initial mea- 
surements. ISDN was given sublingually as 5 mg in 6 patients 
and 10 mg in 4. Then, at intervals of 1, 3, 6, 10, 15 and 30 
minutes after ISDN administration, angiographic and he- 
modynamic determinations were repeated. Systemic and 
pulmonary vascular resistances were calculated from the di- 
rect hemodynamic measurements.” Angiograms performed 
before and after administration were reviewed and 43 diseased 
and 57 normal epicardial coronary segments were selected for 
image clarity and to include a wide spectrum of epicardial 
vessel sizes. 

Quantitative angiography: À computer-assisted method 
was used to analyze the selected coronary segments. The ap- 
plication of this method for study of epicardial coronary 
vasodilation has been described in detail.1!^:18 Using a digital 
representation of the angiogram, the computer analysis de- 
termines vessel diameter and cross-sectional area in the 
“normal” proximal and distal segments, and at the point of 
maximal narrowing in the diseased segment. Further calcula- 
tions determine percent diameter and area stenoses, lesion 
length, atheroma mass, and estimated stenosis resistance at 
an assumed coronary blood flow of 1 ml/s using published 
formulas.!8?! A detailed analysis of the effects of ISDN was 
made only for normal luminal area, minimum area, percent 
diameter stenosis and stenosis flow resistance. The accuracy 
of this method is within 0.08 mm for measurements of known 
dimensions; its variability averages 3:396 (+ standard devia- 
tion) for percent stenosis estimates and 0.10 mm for minimum 
diameter estimates.197122 Using a single angiographic view 
to assess cross-sectional area of a lumen within an eccentrically 
located atheroma may, in some cases, underestimate the re- 
sponse to a vasodilating agent. 

Statistical analysis: The significance of the group average 
responses was determined using a 1-way analysis of variance | 
comparing summed observations before and after treatment 
with ISDN. Statistical analysis was accomplished using an 
established computer application.” Further statistical anal- 
ysis was made using a paired t comparison of each individual 
value at a given time point with the appropriate set of 0 time 
control values. Significance was defined as less than 5% 
probability of the null hypothesis. 


Results 


Effects of isosorbide dinitrate on hemodynamic 
measurements: ISDN administration significantly 
lowered the mean arterial blood pressure at both 5-mg 
or 10-mg dosages (Fig. 1), with an average reduction of 
20% (p <0.01) for the 10 patients. Pulmonary capillary 
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wedge pressure decreased an average of.5396 (p <0.01) 
. from a mean of 12.3 mm Hg to 5.8 mm Hg. Heart rate 
increased over 30 minutes by 5%. Significant hemody- 
. namic changes in blood pressure and pulmonary capil- 
. lary wedge pressure occurred by 3 minutes, and in heart 
rate by 10 minutes. 
` Cardiac output fell by 1396, from 6.2 to 5.4 liters/min 
-at 30 minutes (p <0.01) (Fig. 2). Statistical significance 
` was not achieved until 30 minutes. 
- - Systemic and pulmonary vascular resistances showed 
& trend to decrease by 15%. The tendency for systemic 
vascular resistance to decrease was significant only 15 
minutes after ISDN administration (p <0.01), and was 
not significant for pulmonary vascular resistance. ` 
"There were no significant hemodynamic differences 
between patients receiving 5 or 10 mg of ISDN. 
Effect of isosorbide dinitrate on normal coro- 
. nary arterial segments: Fifty-seven normal coronary 
_ segments were identified and analyzed sequentially over 
time (Fig. 3). The epicardial coronary segments were 
then categorized by size into 3 groups: group I (luminal 
" area 1 to 4 mm?, diameter 1.1 to 2.3 mm), group II (lu- 
minal area 4 to 8 mm^, diameter 2.3 to 3.2 mm), and 
group III (luminal area more than 8 mm’, diameter 
more than 3.2 mm). 
. * Patients in group I were the most responsive; luminal 
+ area increased a mean of 55% (p «0.01) compared to the 
." pre-ISDN value. In absolute terms, luminal area in- 
| creased from a mean 2.1 mm? to 3.0 mm?. Statistically 
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FIGURE 2. Averaged responses to sublingual lsosorbide dinitrate (ISDN) 
dn 10 patients. Palred t and 1-way analysis of variance_statlstical 
-comparison. * p «0.01; t p <0.06. Q = cardiac output; Rp, = pul- 
‘monary vascular resistance; Rg, = systemic vascular resistance. 


9-9. AE Patients 
* 


significant vessel dilation occurred as early as 1 minute 

after ISDN administration. Peak drug effect occurred 

at 10 minutes and persisted for the remaining 20 min- 

utes of the study. : 
Patients in Group II were next most responsive; lue n 

minal area increased a mean of 29% (p <0.01). The mean 

area of 5.3 mm? increased to 6.7 mm?, Again, significant 

increase in area occurred as early as 1 minute after  . | 

ISDN (p «0.05), peaked at 10 minutes and persisted for | 

the remaining 20 minutes. | 
Large vessels in group III patients were less reactive, | 

statistical significance occurred only at peak effect with 

a 19% (p <0.02) increase in area at 6 minutes post-ISDN 


and a 16% (p «0.05) increase at 10 minutes. s 


Effect of isosorbide dinitrate on diseased coro- 
nary arterial segments: Forty-three diseased seg- 
ments were identified and analyzed (average 4.3 per 
patient). Lesions varied in severity from 20% to 75% 
stenosis. Thirteen lesions were identified as significant 
(5096 or more diameter stenosis). These significantly 
diseased segments were then separated into 2 groups 7 
based on the size of the adjacent normal segment, small 
and medium-sized epicardial vessels (luminal area 1 to 
8 mm^, n = 7), and larger vessels (luminal area more 
than 8 mm?, n = 6). The effect of ISDN on minimum 
luminal area was then analyzed for each group sepa- 
rately and for all significantly diseased segments com- 
bined, and is summarized in Figure 4. Vessels with a 
luminal area of 1 to 8 mm? showed the greatest response 
of the diseased segment to ISDN, with a mean 77% in- 
crease (p <0.01) in area at 30 minutes. In absolute terms, 
the mean minimum area of 0.67 mm? increased to 0.93 
mm? over 30 minutes. Peak dilation occurred at 10 
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FIGURE 3. Percent Increase in luminal cross-sectional area of normal 
coronary segments after administration of sublingual Isosorbide dinitrate — 
(ISDN). Vessels are mounes dua to lumen size. *.p «0.01; T p- 
«0.05. s 
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minutes (76%, p <0.01) and persisted for the remaining 
20 minutes. Statistically significant increase in the 
diseased segment area first occurred at 3 minutes (4396, 
p <0.01). 

ə Significant stenoses in epicardial vessels with normal 
luminal area greater than 8 mm? were less reactive. A 
mean increase in minimum area of 21% occurred over 
30 minutes. Dilation of the diseased segment was sig- 
nificant only during peak drug effect at 10 minutes (23% 
increase, p <0.05), although a definite tendency toward 
dilation occurred over the 30 minutes. In absolute terms, 
the mean minimum area of 1.88 mm? increased to 
2.27 mm?. 

Effect of isosorbide dinitrate on stenosis flow 
resistance: The effect of ISDN on predicted stenosis 
flow resistance is summarized in Figure 5. Lesions were 
subclassified by severity, with 13 significantly diseased 
segments (50% or more stenosis) and 30 less severely 
diseased segments (less than 50% stenosis). Physiolog- 
ically and statistically significant reductions in pre- 
dicted flow resistance occurred at both levels of disease 
severity. Assuming an estimated coronary blood flow 
of 1 ml/s in the control state, predicted group average 
stenosis flow resistance in less severely diseased seg- 
ments was 1.9 mm Hg/ml/s, and 18.7 mm Hg/ml/s in 
significant lesions. After sublingual ISDN administra- 
tion, predicted stenosis flow resistance fell an average 
of 43% and 39% (p <0.01), respectively. Ten of 13 sig- 
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FIGURE 4. Dilation of minimum luminal area in 13 significant diseased 
coronary segments (50% or more stenosis before drug) by sublingual 
‘Isosorbide dinitrate (ISDN). Lesions in small and medium vessels (luminal 
\cross-sectional area of normal portion 8 mm? or less) (n = 7) are sub- 
‘stantially more vasoactive than those in large vessels (luminal cross- 
‘sectional area more than 8 mm*, n = 6). * p <0.01; t p <0.05. 
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nificant lesions demonstrated a resistance reduction by 
at least 35%. Undoubtedly, coronary blood flow changes 
as ISDN affects both myocardial preload and afterload. 
Using an assumed coronary flow of 1 ml/s as the control 
value, instead of 2 or 3 ml/s, the predicted change in 
stenosis flow resistance is underestimated. 
Calculated percent diameter stenosis measurement 
changed very little, and was never statistically signifi- 
cant for any size vessel regardless of severity of disease. 
Group average change in percent stenosis for small, 
medium and large vessels was —15%, -17% and —6% 


respectively (difference not significant for all). This lack 


of significant change probably reflects the relatively 
equal proportion to which ISDN dilates both normal 
and diseased segments. 


Discussion 


This study shows that ISDN is a potent coronary 
vasodilator with hemodynamic effects similar to those 
of NTG. The observation that normal segments of 
coronary arteries dilate in response to NTG is well es- 
tablished. This effect has recently been quantified to 
reflect an average increase of 18% in luminal cross-sec- 
tional area.!’ Using the same quantitative technique, 
it has also been shown that NTG dilates segments 
narrowed by atherosclerosis, thus confirming stenosis 
dilation as a mechanism of the benefit from N'T'G. ISDN 
is a potent organic nitrate, longer lasting than NTG, 
with similar clinical efficacy in relieving angina. Using 
the same quantitative technique, this study has evalu- 
ated the coronary arterial response and hemodynamic 
effects of sublingual ISDN over 30 minutes. 

The effect of sublingual ISDN was rapid in onset, 
significant at 3 minutes after administration, with peak 
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FIGURE 5. Estimated change in stenosis flow resistance post Isosorbide 
dinitrate (ISDN) at an assumed coronary blood flow of 1 ml/s. Diseased 
segments are grouped by severity of stenosis: (5096 or more n — 13; 
less than 50%, n = 30) Numbers In parenthesis are +1 standard de- 
viation. * p «0.01. 
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` effect occurring at 10 minutes and persisting unchanged 
for at least 20 minutes more. Data regarding the time 


course of arterial dilation after NTG in humans was 


‘demonstrated by Mason and Braunwald,”4 peak arterial 


N'TG effect occurred at 5 minutes, and returned to 
normal over the subsequent 20 minutes. Gensini et ali? 
showed in dogs that the response of NTG disappears 
after 25 minutes. The time course of coronary dilation 
and hemodynamic response after ISDN administration 
corresponds to previous pharmacologic studies by 


 Assinder et al” Six healthy men were given ISDN, 5 mg 


sublingually, and had a peak of 8.9 ng/ml at 15 minutes 


"with a calculated half-life of 30 minutes. The prolonged 


‘effect of ISDN may be the result of a longer plasma - 
half-life or to its potent mononitrate metabolites.?6 


Measurement of severely diseased coronary artery 
segments (stenosis 50% or greater) revealed a direct 
effect of ISDN on the atherosclerotic lesion. The origi- 


nal diseased luminal area dilated an average 51%. Di- 


lation of the diseased segment after ISDN was most 

prominent in midsized epicardial vessels, where many 

clinically significant atherosclerotic lesions occur. 
This study shows the marked vasomobility of a typ- 


. ical diseased coronary segment. Atheromas are not 
-usually fixed and calcified circumferential cholesterol 
lesions, but are more often eccentrically located, with 
-a portion of the vessel lumen surrounded by an arc of 

. normal arterial wall.?^298 We believe that this reactive 


arc of smooth muscle allows for the change in the min- 
imum luminal area and for the reduction in stenosis flow 


“resistance observed after ISDN administration.7930 


More important than absolute luminal area or per- 
cent stenosis, the predicted physiologic resistance to 


. blood flow was significantly reduced by ISDN. A for- 
mula that has been validated experimentally?! was used 
to estimate stenosis flow resistance at an assumed cor- 


onary flow of 1 ml/s. Both significant (50% or more) and 


, mild to moderate (less than 50%) atherosclerotic lesions 


"averged 39% and 43% reductions in resistance. Thus, the 
, apparently small increase in luminal diameter from 1.1 
Tam to 1.25 mm in significant lesions translated to a 
| physiologically significant resistance reduction through 
| the 1/d‘ factor in the resistance calculation. 

' The hemodynamic effects of ISDN are also similar 


to those of NTG. Significant decreases in preload - 


| (pulmonary capillary wedge pressure) and afterload 


| (mean arterial pressure) were seen, with a slight de- 


crease in cardiac output and increased heart rate. 


Trends toward decreases in systemic and pulmonary 
vascular resistance were seen, but were not significant; 


.these data support the position that ISDN, like NTG, 


is more potent as a venodilator than an artériolar dila- 
tor. Although the slight increase in heart rate may be 


detrimental to myocardial oxygen consumption during 
cardiac ischemic events, the prominent decrease in af- 


terload reduces myocardial oxygen consumption in 
parallel with systolic wall tension,®? whereas the decrease 
in. preload improves the transmural distribution of 
myocardial blood flow.®2 

JA We conclude that ISDN is a potent dilator of coro- 
nary arteries and systemic veins with effects that are 
sirnilar to those of NTG. These effects are rapid in onset 


and sustained ‘over. 30 minutes after sublingual drug 


administration. ISDN directly dilates both athero- : 


sclerotic lesions and normal coronary segments. In 
therapy of cardiac ischemia, the principal mechanisms 
by which ISDN relieves transient myocardial ischemia 
are: (1) dilation of coronary stenoses with resultant re» 
duction in flow resistance; (2) decrease in ventricular 
filling pressure by venous pooling, thus reducing sub- 
endocardial microvascular compression and ventricular 


size; and (3) reduction in coronary flow requirement in 


response to a peripherally mediated decrease in myo- 
cardial oxygen consumption (decreased afterload). 
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Life Adaptation After Percutaneous Transluminal Coronary 
Angioplasty and Coronary Artery Bypass Grafting 


DAVID RAFT, MD, DAPHNE C. McKEE, PhD, KENNETH A. POPIO, MD, 
and JOHN J. HAGGERTY, Jr., MD 


Life adaptation of 32 patients who had undergone 
percutaneous transluminal coronary angioplasty 
(PTCA) for coronary stenosis was compared with 
that of 15 patlents who had coronary artery bypass 
grafting (CABG). Patlents were matched for psy- 
chosoclal, anatomic and cardiac functions. Life 
adaptation was measured at 6 and 15 months after 
PTCA or CABG by the Psychosocial Adjustment to 
illness Scale (PAIS), a multidimensional instrument 
that evaluates change In 7 primary life domains. The 
overall PAIS scores for patlents who had undergone 


In a previous study of patients who had undergone 
coronary artery bypass grafting (CABG), we found that 
despite correction of anatomic defects many subjects 
experienced considerable disability. We suggested that 
such maladaptation was partially a result of the surgical 
procedure itself. When percutaneous transluminal 
coronary angioplasty (PTCA) became available, we 
compared rehabilitation of subjects who underwent 
procedure with those who underwent CABG. In 1983, 
Jang et al? reported that after PTCA, patients returned 
to work in 2.9 weeks compared with 11.1 weeks after 
CABG, and the cost of PTCA is less than half of that of 
CABG. An independent multicenter report? documents 
the success of PTCA both in relief of coronary symp- 
toms and improvement of patients’ global function in 
83% of cases. In the present study we used a multidi- 
mensional psychosocial adjustment scale to compare 
patients who underwent PTCA with those who under- 
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PTCA were significantly better (p <0.04) than the 
scores for those who had undergone CABG after 6 
mo and this superior functioning continued after 
15 months (p <0.05). After 6 months patients who 
had deren PTCA functioned better at work (p 
<0.005), In sexual performance (p <0.0001) and 
with their families (p <0.002). The improvement in 
work functioning continued at 15 months (p <0.04), 
but the differences In sexual and family domains 
became nonsignificant. 

(Am J Cardio! 1985;56:395-398) 


went CABG for coronary stenosis. Psychological symp- 
toms and social adaptation of successfully treated pa- 
tients are compared over 14 years. Medical complica- 
tions of P'TCA have been well reviewed by Dorros et al^ 
in a recent multicenter study of 1,500 patients and are 
not addressed in this report. 


Methods 


From May 1982 to June 1983, 36 patients with 1 or 2 prox- 
imal coronary stenotic lesions (over 70%) were chosen for 
PTCA after angiography by the Judkins technique using the 


femoral artery approach. Dilation was performed using the 


Gruentzig method with a balloon 1.2 or 2 cm long and 2.5 to 
3.7 mm in diameter. Inflation was carried out multiple times 
with a pressure inflation device. All vessels were dilated more 
than 50%, using the following agents: heparin, low-molecu- 
lar-weight dextran, intravenous nitroglycerin and nifedipine. 
After the procedure, coronary angiography was repeated; the 
patients received aspirin, propranolol, calcium channel 
blockers and/or nitrates, depending on their condition. They | 
were monitored for 24 hours. Complications developed in 4 
patients; 1 patient died and 2 underwent successful emergency 
CABG. 

All 32 patients (23 men, 9 women) who underwent suc- 
cessful PTCA were evaluated by a variety of psychological 
measures and were followed every 6 months after the proce- 





PE AOR TATON AFTER ANGIOPLASTY AND BYPASS GRAFTING ~~ 
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TABLE! Demographic Characteristics and Cardiac Function In Patients Who Underwent. 
Coronary Artery Bypass Graft Surgery (CABG) Compared with Those Who 
Underwent Percutaneous Transluminal Coronary Angloplasty (PTCA) 


After Procedure 
Before Procedure 
Age P X BP ETT AETT 
Procedure M:F (yr) EF PXBP . ETT (X 1,000) (min) (min) 
CABG (n = 15) 11:4 56 0.59 17.5 5.4 21.9 7.3 1.9 
+9 +0.14 +8.4 +1.7 +6.7 2.4 +41.2 
PTCA (n = 32) 23:9 56 0.54 18.0 4.7 22.8 7.4 2.3 
"^ 49 +0.11 +5.4 +1.9 +6.6 i12, 1202.8 
NS NS NS NS NS NS 


EF= ejection fraction; ETT = exercise tolerance test; AETT = change in ETT value; NS = not significant; 


P X BP = pulse X blood pressure. 


-dure. Among the measures used pertinent to this report was 
. ‘the Psychological Adjustment to Illness Scale (PAIS),5 a 
‘> multidimensional, semistructured interview that reflects 
N -psychological adjustment to medical illness in terms of 7 
` primary domain scores and a global score. Subscales measure 
- general health; work capacity, domestic atmosphere, sexual 
* performance, family/social support and psychiatric distress, 
e.g., anxiety, depression and somatic complaints. We have 


.used this instrunient to evaluate life adaptation of patients ' 


after CABG.! It is also sensitive and valid in several other 
. conditions.®” Lower score on PAIS indicates improvement 
» of function and better adaptation in life. 


‘From a cohort of patients who underwent CABG and in 


- whom the PAIS was administered previously, we selected 15 
-subjects (11 men, 4 women) who closely matched the 32 pa- 
A tients in the PTCA group in age, sex, work status, duration of 
_ Symptoms, number of vessels stenosed and comparable pre- 
" operative cardiac function. To try to obtain a homogeneous 
. population comparable to the PTCA group, we excluded those 
‘who had had previous cardiac surgery and those with dyski- 

netic left ventricular wall abnormalities. The 2 groups were 
: comparable in pre-procedure ejection fraction, pre- and 

_post-procedure pulse and blood pressure product, and exercise 
. tolerance (Table I). Using analysis of variance and a t test, we 


Compared the total PAIS scores and PAIS subscale scores of : 


“ the PTCA group with those of the CABG group. The initial 
: PAIS score was determined by asking the patients to retro- 
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FIGURE 1. Differences In scores on the Psychosoclal Adjustment to 
„iness Scale (PAIS) among patients treated medically, those treated 
“with percutaneous transluminal coronary angioplasty, and those treated 
with coronary artery bypass graft surgery (CABG). PAIS valués before 
the procona and at times 1 and 2 (as defined in text) are listed. . 


spectively rate their adaptation before their last illness (Fig. 
1). The 2 post-procedure scores were obtained approximately 
6 months (range 6 to 8) and 15 months (range 12 to 15) apart 
after PTCA or CABG. Scores are labeled preprocedure, time 
1 and time 2, respectively. 


. Results 


Patients in the PTCA group estimatéd their overall - 


functioning to be the same as that of patients in the 


‘CABG group before undergoing the procedure (17.5 + 


12.6 va 18.4 + 11.2). At time 1, 6 + 0.5 months after the 
procedure, PAIS scores were significantly lower in the 
PTCA group than in the CABG group (25.0 + 21.2 vs 
.40.5 + 16.7, E (1,45) = 4.6, p <0.04).* This indicates that 


patients who had undergone PTCA were performing - 


better at work, at home and psychologically. At time 2, 
12 + 1.5 months later, the P'TCA group was still func- 
tioning better, although the difference between the 
PAIS scores of the 2 groups was diminishing (14.7 + 14.6 
for PTCA group, 28.7 + 19:5 for CABG group, F (1,45) 
= 4.3, p <0.05) (Fig. 1). We examined the functioning 
of the 2 groups in the 7 areas measured by the PAIS. At 
time 1, patients in the PTCA group functioned better 
at work (F = 9.10, p «0.005), sexually (F = 40.3, p 


. <0.0001) and in relating to their families (F — 23.1, p 


<0.0001). At time 2 patients in the PTCA group re- 
ported better health (F = 11.84, p <0.002) and greater 


ability to work (F = 4.5, p «0.04), but the sexual and | 


family life differences had disappeared (F for sex = 0.22, 


for family — 0.48). However, the PTCA group reported: 


fewer psychiatric symptoms at this time (F — 4.5, p 
<0.05) (Fig. 2). 

. We have also been following a groüp of patients with 
angina who receive medical treatment. We compared 
the PTCA group with a subgroup of our medical popu- 
lation. Our previous research! showed that patients with 
symptoms for more than 8 months had poorer adapta- 


tion to life according to PAIS. We selected 46 patients: 


with comparable exercise tolerance tests who had had 
symptoms less than 8 months. Analysis of the 2 groups 


(Fig. 1) showed that PAIS scores were not significantly 


different at time 1 (30.0 + 14.4 for medical therapy vs 
25.0.4 21.2 for PTCA, t = 1.18). However, at time 2 the 
PTCA group had significantly lower PAIS scores, in- 
dicating better overall functioning (14.7 + 14.6 vs 22.7 
+ 8.4, t = 2.86, p <0.007). At time 2 the medical and the 


* These fall within the average range of scores reported by Dero- 


. - gatis5 for patients with nt artery disease before surgery. 
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CABG groups did not differ significantly in PAIS scores 
(22.7 + 8.4 for medical group vs 28.7 + 19.5 for CABG 
group, t = 1.16). 


Discussion 


" Our results indicate that demographically matched 
subjects with similar pre- and postoperative cardiac 
function adapt to better life after P'TCÀ than after 
CABG for as long as 15 months after the procedure. 
Whether the better adaptation of patients who have 
undergone PTCA will continue past this time is not 
known. Indeed, in some areas (such as sexual function 
and family life) the initial advantage (after 6 months) 
of PTCA disappeared. However, anxiety, depression 
and somatic complaints persisted (more than 15 months 
later) in the CABG group, while they subsided in the 
PTCA group. This is not surprising because the psy- 
chological trauma of major surgery is slow to reverse. 
Nevertheless, if the benefits of CABG in terms of vessel 
patency and pain relief last long enough, the rehabili- 
tation of patients who undergo this procedure may 
eventually reach a level similar to that of PTCA patients 
and have equal long-term success. 

Comparison of the PTCA and CABG groups with the 
medical group (Fig. 1) indicates that the PTCA patients 
function as well as patients receiving medical therapy 
in 6 months, and that patients in the CABG group begin 
to function as well as those in the medical group in 1 
year. Caution is required in comparing the medical 
group in our sample with the PTCA and the CABG 
groups. We did not have PAIS scores before illness in 
the medical group or sufficient ejection fraction values 
to match this group with the PTCA and CABG groups, 
these patients may not be comparable. 

Our data show that patients who undergo PTCA 
suffer less disability after the procedure than those who 
undergo CABG, and that their level of functioning may 
be close to that of those who receive medical manage- 
ment alone. We are reporting on the psychosocial 
functioning of patients undergoing PTCA or CABG and 
not on specific cardiac symptoms or longevity of these 
patients. The decision to select the suitable form of 
therapy for the patient with coronary insufficiency 
should be made on the basis of long-term follow-up 
studies such as those by Spencer et al? and Wertheimer 
and Liddle,? who report both reduction of symptoms 
and prevention of myocardial infarction after CABG, 
and claims of the recent!” collaborative Coronary Artery 
Surgery Study (CASS) disputing the value of surgery 
in the prevention of ischemia and the need to reserve the 
procedure for specific conditions. Application of any 
therapeutic modality must be judged in the context of 
incidence and severity of medical complications and 
risks involved in the procedure. Hamby!! summarized 
the outcome for patients suffering from various coro- 
nary diseases. We excluded all patients who had pro- 
cedural complications because our aim in this small 


sample was to thoroughly evaluate psychosocial ad- ` 


justment after relief of coronary stenosis. We do not 
imply that procedural complications are not important, 
especially because in a cohort of medically treated pa- 
tients with coronary disease who may be suitable for 
PTCA, the CASS study?? revealed that the mortality 
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FIGURE 2. Patient scores on the Psychosocial Adjustment to Illness 
Scale (PAIS) after coronary artery bypass graft surgery (CABQ) or after 
percutaneous transluminal coronary angioplasty. 


rate was low and only 18% of those with non—main cor- 
onary artery disease came to surgery in 4 years. Our aim 
is to alert the clinician to another dimension-—that of 
life adaptation—in addition to the traditional bio- 
medical consideration in selection of patients for spe- 
cific treatment modalities. 
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`. Percutaneous Transluminal Coronary Angioplasty Atter 


JOHN CORBELLI, MD, 


2 | : 2 Previous Coronary Artery Bypass Surgery ; 


IRVING FRANCO, MD, JAY HOLLMAN, MD, 


CONRAD SIMPFENDORFER, MD, and KATHERINE GALAN, RN 


. To aac symptomatic status and avoid d repoal 


. angioplasty (PTCA) in 94 patients (82 men, 12 


coronary artery bypass graft surgery (CABG), 115 
lesions were approached for transluminal coronary 


- women) with angina pectoris and prior CABG at a 


. Fifteen patients were in Canadian Cardiovascular 

s Society functional class I, 32 were in class ll, 31 
; were in class lil, and 16 were in class IV. Patients 
. were 37 to 76 years old (mean 57). PTCA was 


‘mean of 60 months (range 4 to 192) after CABG. 


successful (at least a 40% reduction in stenosis 


_dlameter and improvement in symptomatic status) | 
in 83 patients (8896) and 103 (9096) lesions. Mean 


' stenosis was reduced from 80 + 14% to 20 + 16% 


sine $< eee $$ 


(mean + standard deviation) and mean pressure 
gradient from 41 + 7 mm Hg to 14 + 6 mm Hg. 


Seven patients had lesions that could not be crossed 


"Coronary artery bypass graft-surgery (CABG) has been 


used often in the past 177 years as effective therapy in the 
treatment of ischemic heart disease. However, pro- 


gression of the disease process in the native coronary 
arteries or development of graft failure, or a combina- 


tion of these, results in deterioration in symptomatic 
status in 5 to 10% of these patients annually. Angio- 


graphic restudy has shown vein graft stenosis in 17 to. 


29% of patients and progression of disease in the native 


circulation in 32 to 5195.53 Over the long term, reop- . 


eration js performed in 1096 of these patients. 56 A]. 


thóugh reoperation can be performed with satisfactory: 


. results, the technical difficulty, morbidity, mortality 


and. complications of a second and subsequent proce- 


_ dures are more frequenti? . 
~ ‘Percutaneous transluminal coronary. angioplasty - 
PTCA) § improves myocardial blood flow by reducing 
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— for technical reasons and these patients underwent 


non-emergency CABG. Four. patients required 


emergency CABG after PTCA; 1 patient subse-' - 


quently died and 2 survived acute myocardial in- 


- farction. One patient had a femoral artery laceration, 


which required surgical repair. At a mean follow-up 
of 8 + 4 months, 63 patients (76%) with Initlally 


successful results were free of angina or In improved 
condition. Of the remaining 20 patients, 18 con- ` 


sented to repeat coronary anglography. Four pa- 
tients did not have restenosis. Of the 14 patients with 
documented restenosis, 5 underwent successful 
repeat PTCA, 5 had repeat CABG, and 4 were 


treated medically: Thus, when coronary anatomy ls. 


suitable, PTCA is an effective alternative to reop- 
eration in meme patients with prior CABG. 


{Am J Cardiol 1985;56: 398-403) | 


the degree of localized atherosclerotic coronary stenosis. 


P'TCA is an alternative to CABG in selected patients 


` with coronary artery disease. Extended use of PTCA  . 

_ techniques in patients who have had prior CABG has 
. , been applied with encouraging success in several re- ' 
ports. -1? This report deals with PTCA as an effective | 


method of treatment with fewer complications than 


reoperation in patients who have had CABG with sub- 
. sequent recurrence of anginal symptoms and stenosis 


of a native coronary e. or vein graft to a native 


coronary Patery: 


- Methods 


' Patients: During the 33-month period from May 1981 
through February 1984, PTCA was attempted in 94 patients 
who had previous CABG. The patients included 82 men and 


12 women, aged 37 to 76 years (mean 57). Multivessel disease _ 
was present in 87 patients (93%) and 1-vessel disease in 7 (7%). ` 


All patients had angina and were considered to be appropriate 
candidates for repeat CABG. Symptomatic status was clas- 
sified according to the Canadian Cardiovascular Society 
functional classification criteria. Fifteen patients were in class. 


I, 32 were in class II, 31 were in class III, and 16 were in class; . 
IV. Sixty-two patients had a history of cigarette smoking, bl. —— 
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patients had hypercholesterolemia (more than 240 mg/dl), 45 
patients had hypertension (blood pressure higher than 140/90 
mm Hg), 28 patients had a previous myocardial infarction, 17 
patients had diabetes mellitus, and 4 patients had a history 
of congestive heart failure. In the overall group, 170 bypass 
etafts had been placed to native coronary arteries (1.8 grafts 
per patient). Forty-two right, 69 left anterior descending, 15 
diagonal and 44 circumflex coronary arteries were grafted. 'T he 
mean duration between CABG and PTCA was 60 months 
(range 4 to 192). Forty-seven patients (54%) had PTCA more 
than 5 years after CABG. 

Angioplasty procedures: One hundred fifteen lesions in 
68 native coronary arteries and 47 saphenous vein grafts were 
approached for PTCA in 94 patients. Two native coronary 
arteries were dilated in 11 patients. The saphenous vein graft 
to the dilated native coronary artery was significantly stenotic 
(at least 70% stenosis) or totally occluded in 12 patients. 
Fourteen vein grafts to the right, 21 grafts to the left anterior 
descending, 2 grafts to diagonal branches of the left anterior 
descending and 10 grafts to the circumflex coronary arteries 
were approached for PTCA. 

Technique: In the catheterization laboratory, PTCA was 
attempted by the femoral approach, similar to the technique 
described by Gruentzig.'? The number of inflations and 
pressures used in each case varied according to the degree of 
remaining transstenotic gradient and percentage of remaining 
stenosis after each balloon inflation. The steerable USCI 
catheter system was used. All vein graft lesions and 4 native 
coronary lesions were approached for PTCA through the vein 
graft. 

For 12 to 24 hours before PTCA, the patients received 
dipyridamole and aspirin. Nitrates, 8 blockers and calcium 
channel blockers were continued as indicated by clinical 
conditions. 

Immediately before PTCA, oral nifedipine and intravenous 
diazepam were given. After intraarterial insertion of the 
catheter, heparin, 10,000 units, was administered. After 
PTCA, patients were monitored overnight and, in most cases, 
discharged 1 to 2 days later. Patients in whom PTCA was 
successful were discharged taking nifedipine, dipyridamole 
and aspirin, which were continued for at least 6 months. All 
patients were advised to have repeat coronary angiography 
6 months after PTCA if they remained asymptomatic, or 
sooner if symptoms recurred. After PTCA vessel stenosis was 
calculated in as many unoverlapped projections as possible, 
with the individually obtained values averaged. The luminal 
diameter of the vessel at the narrowest portion of the stenosis 
was expressed as the percentage of the luminal diameter above 
and below the stenosis. PTCA was considered to be a primary 
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FIGURE 1. Initial results of 115 lesions approached for percutaneous 
transluminal coronary angioplasty in 85 patients after previous coronary 
artery bypass graft surgery (CABG) (success defined as at least 4096 
reduction In diameter stenosis and improvement in symptoms). RX = 
therapy. 






success if the coronary stenosis was reduced by at least 40% 
in diameter. 

Follow-up: Continued success at a mean follow-up of 8 + 
4 months in the 83 patients in whom dilation was initially 
successful was defined as symptomatic improvement or con- 
tinued angiographic success at the dilated site. In 51 patients 
repeat angiography was performed and the results were re- 
viewed at our hospital. 


Results 


Overall initial results: Successful PTCA was 
achieved in 103 of 115 lesions (90%) in 83 of 94 patients 
(88%) (Fig. 1). These results were obtained at a mean of 
60 months (range 4 to 192) after CABG (Fig. 2). One 
patient had 3 lesions dilated (including 2 vein grafts), 
and 17 patients had 2 lesions dilated (including 6 pa- 
tients with 2 vein grafts dilated). Stenosis was reduced 
from 80 + 14% to 20 + 16% (mean + standard deviation) 
and the pressure gradient from 41 + 7 mm Hg to 14 + 
6 mm Hg. PTCA was unsuccessful in 11 patients (12%). 
Seven lesions (6%) in 7 patients could not be crossed 
with the dilating catheter for technical reasons and 
coronary artery occlusion at the site of attempted di- 
latation occurred in 5 vessels (4%). 

Initial results in native coronary arteries: Sixty 
of 68 native coronary lesions (8895) were successfully 
dilated in 52 of 59 patients (88%). Grafted native vessels 
were approached for PTCA through the vein graft 
successfully in 2 patients (left anterior descending and 
circumflex lesions) and unsuccessfully in 2 patients 
(right coronary and circumflex lesions), because of in- 
ability to cross the lesion with the balloon catheter. The 
success rate varied according to the site of stenosis; the 
success rate was 90% in the right coronary artery, 94% 
in the left anterior descending artery and 8196 in the 
circumflex coronary artery (Fig. 3). Mean stenosis 
was reduced from 78 + 14% to 20 + 14% and the 
mean pressure gradient from 43 + 14 mm Hg to 7 + 
7mm Hg. 

Native coronary artery follow-up: Forty-two pa- 
tients (8196) in the group with initially successful results 
were asymptomatic or in improved condition at fol- 
low-up. Restenosis was documented angiographically 
in 8 patients. Of these, 4 underwent successful repeat 
PTCA, 2 underwent repeat CABG and 2 were treated 
medically. In addition, 8 symptomatic patients did not 
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TIME INTERVAL BETWEEN CABG AND PTCA (MONTHS) 


FIGURE 2. interval between coronary artery bypass graft surgery 
(CABG) and percutaneous transluminal coronary angloplasty (PTCA) 
in 68 native vessels and 47 vein grafts (115 lesions) in 94 patients In 
relation to lesion site (mean interval 60 months). SVQ = saphenous vein 
graft. 
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TABLE! Results of Percutaneous Transluminal Coronary Angloplasty In 68 Native 
Coronary Arteries in 59 Patlents with Prior Coronary Artery Bypass Grafting 


Success 
Vessel n Med 
Right 18/20 (9096) 5 
LM 4/4 0 
LAD 15/16 (94%) 2 
Diag 2/2 0 
LIC 21/26 (8196) 3 
Total 60/68 (8896) 10 


Follow-Up After Initial Success 


Repeat Continued 
PTCA CABG Success - 
2 1 10 
0 0 4 
2 1 10 
0 0 2 
0 0 18 
4 2 44 


CABG = coronary artery bypass grafting; Diag = diagonal branch of the LAD; LAD = left anterior de- - 
scending coronary artery; LC = left circumflex coronary artery; LM = left maln coronary artery; PTCA 


= percutaneous transluminal coronary angioplasty. 


undergo repeat catheterization after PTCA and were 
subsequently treated medically (Table I). 

Initial results in vein grafts: In 31 of 35 patients 
(89%), PTCA was successful in 43 of 47 saphenous vein 
graft stenoses (92%) (Fig. 3). Twenty-three proximal 
aortic anastomotic sites (aorta to vein), 13 distal anas- 
tomotic sites (coronary artery to vein), and 7 mid-vein 
. bodies were successfully dilated. The age of the vein 
grafts, according to the dilated site, were: proximal 
anastomotic site, 44 + 11 months; mid-vein body, 87 + 
22 months; and distal anastomotic site, 68 + 17 months. 
_ Six patients (19%) underwent vein graft PTCA within 

the first 6 months after CABG and 19 patients (54%) 
-underwent PTCA more than 5 years after CABG (Fig. 
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2). Vein grafts to the right and left anterior descending 
coronary arteries were successfully approached for 
PTCA in 14 and 17 patients, respectively, with 10 vein 
grafts to circumflex coronary arteries and 2 diagonal 
branch vein grafts being dilated (Table IT). Mean ste- 
nosis was reduced from 80 + 14% to 20 + 16% and the 
mean pressure gradient from 41 + 7mm Hg to 14+ 6 
mm Hg. Mean residual stenosis at the proximal anas- 
tomotic site was reduced to 26 + 16% and that at the 
distal anastomosis was reduced to 12 + 7% in the group 
with initially successful results. Residual stenosis in 
dilated vein graft bodies was 22 + 15%. 

Vein graft follow-up: At follow-up, 20 patients 
(65%) were free of angina or in improved condition. This 


Set ac 6% 


FIGURE 3. Initial results In 109 lesions approached for 
percutaneous transluminal coronary angioplasty (PTCA) 
In 88 patients according to lesion site (success defined 
as at least 40% reduction in diameter stenosis and im- 
provement In symptoms). CABG = coronary artery by- 
‘pass graft surgery; LAD = left anterior descending artery; 
LC = left circumflex coronary artery; SVG = saphenous 
vein graft. (Figure does not Include successful PTCA of 


6 patients.) 
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TABLE Results of Percutaneous Transluminal Coronary Angloplasty In 47 Vein Grafts 
In 35 Patients with Prior Coronary Artery Bypass Grafting 


Success 

m Vessel : 
Graft n Med 

Right 14/14 1i 

LAD 17/21 (8196) 4 

Diag 2/2 0 

LC 10/10 3 

Total 43/47 (98296) 8 

SVG stenosis 

Proximal 23/26 (8896) 6 

Body 7/7 0 

Distal 13/14 (9396) 2 

Total 43/47 (9296) 8 


| | left circumflex coronary artery; Proximal = 
i | 
| 


group includes 1 asymptomatic patient who had 2 ves- 
sels dilated, with continued success in the native cir- 
cumflex coronary artery but with recurrent stenosis in 
the graft to the circumflex coronary artery. Angio- 
graphic success was documented at restudy in 3 symp- 
tomatic patients with a hemodynamically significant 
lesion at an undilated site. Thus, 22 patients (71%) had 
continued success after vein graft PTCA. This includes 
all 6 patients who had PTCA of 7 vein graft bodies, with 
5 of these patients with 6 dilated vein grafts being 
restudied angiographically. Restenosis was documented 
in 6 vein grafts, occurring at the proximal anastomotic 
gite in b patients and at the distal anastomotic site in 1 
patient. In 4 patients vein graft restenosis was treated 
with repeat CABG, 1 patient underwent repeat PTCA, 
‘and 1 patient was treated medically. Medical therapy 
was given for 7 additional symptomatic patients after 
vein graft PTCA who had not undergone repeat cathe- 
terization after PTCA (Table ID. In 18 patients re- 
evaluated by angiography, there were 2 trends which did 
not reach statistical significance owing to sample size. 
"The rate of angiographically documented restenosis was 
greater in proximal than in distal anastomotic sites (3196 
v8 2396) and the mean graft age was greater in those with 
restenosis than in those without restenosis (70 vs 49 
months). 

Overall follow-up: In the overall group at the end 
of the mean follow-up period of 8 + 4 months, 63 of the 
83 patients (76%) with initially successful results were 


free of angina or in improved condition. Of this group, 


42 patients (51%) were free of angina and 21 patients 
(25%) were in improved condition. The remaining 20 
patients were in the same functional class or were more 
symptomatic than before PTCA. Of these 20 symp- 
tomatic patients, 18 consented to repeat coronary an- 
giography. Restudy showed that 14 patients had re- 
stenosis at a mean of 4 months after PTCA, with 5 
‘patients having successful repeat PTCA and 5 repeat 
CABG; 4 were treated medically. Four symptomatic 
patients did not have restenosis or a pd Dr 
‘significant lesion at an undilated site. In addition, 1 

| asymptomatic patient had restenosis in a circumflex 
graft while having ene angiographic success in a 


Body = nonanastomotic site in vein graft; CABG = coronary art 
branch of LAD; Distal = distal anastomotic site; LAD = 





Follow-Up After Initial Success 


Repeat Continued 
PTCA CABG Success 
0 1 12 
1 . 0 12 
0 1 1 
0 2 5 
1 4 30 
0 4 13 
0 0 7 
1 0 10 
1 4 30 


ery bypass grafting; Diag = diagonal 
left anterior descending coronary artery; LC = 


proximal anastomotic site. 


right coronary artery and underwent repeat CABG. 
Thus, overall, symptomatic and angiographic follow-up 
indicated continued success in 65 patients (78%) 
(Fig. 4). 

Complications: Eight patients (9%) had complica- 
tions. Emergency CABG after PTCA was required in 
4 patients (4%) (representing 3% of the total lesions), 3 
of whom sustained total occlusion during attempted 
PTCA. The acute myocardial infarction rate was 4%. 
Acute myocardial infarction occurred in 2 of the pa- 
tients who had undergone reoperation and in 1 patient 


‘who required intracoronary nitroglycerin and emer- 


gency repeat PTCA for an acutely reoccluded dilated 
right coronary artery. Another patient had postmortem 
evidence of an acute myocardial infarction involving the 
distribution of the native circumflex coronary artery; 
the lesion could not be crossed with the balloon catheter 
advanced to it through a vein graft. This patient had 
had previous massive myocardial damage and appeared 
to be entirely dependent on the lateral wall for main- - 
tenance of cardiac output. During attempted PTCA, the 
patient suddenly became hypotensive while exhibiting 
a patent vessel with delayed flow. Cardiopulmonary 
resuscitation was required, but the patient died at re- . 


8% 


-— REPEAT PTCA 
6% 


FIGURE 4. Overall results of follow-up (8 + 4 months, mean + standard 
deviation) in 83 patients with Initially successful percutaneous trans- 
lumina! coronary angioplasty (PTCA) after previous coronary artery 
bypass graft surgery (CABG). Results combine angiographic and Ca- 
nadian Cardiovascular Society functional class data. RX = therapy. 
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operation. At postmortem examination, the lesion ap- 


proached for PTCA had a ruptured plaque, but the 
vessel was patent. The lateral wall of the left ventricle 


showed evidence of acute myocardial infarction. There 
was no enzymatic or electrocardiographic evidence of 
infarction in 1 patient who had dissection and occlusion 


of a native left anterior descending coronary artery or 
in 1 patient in whom a diagonal branch had become 
totally occluded after successful PTCA of the native left 
anterior descending coronary artery. The origin of the 
small occluded diagonal branch was directly involved 
with the left anterior descending lesion. Neither patient 
had symptoms and both were treated medically. One 
patient had a femoral artery tear that required surgical 


 . repair. 


Discussion 
In this study of patients with prior CABG, compli- 


' cations of PTCA were lower than in most published 


reports of reoperation. Reul et al! reported a perioper- 


ative myocardial infarction rate of 296 with repeat 


CABG, but others report an incidence of 7 to 1995.14-17 
The mortality rate in this subset of patients varied from 
lto 12%, with surgery for bleeding complications be- 
tween 4 and 1096.14-1? Previous studies!Ll? involving 
native coronary and vein graft PTCA reported myo- 
cardial infarction rates of 4 and 596 and mortality rates 


- of 3 and 0%, respectively, with no bleeding complica- 


tions. In this study, the myocardial infarction rate was 
4%, with 1 cardiac-related death. 


. The major risk of PTCA is acute closure of the vessel 
_approached for dilatation. This occurred in 5 patients 


(5%) in this study. An acutely occluded right coronary 
artery was reopened with intracoronary nitroglycerin 


- and redilated at the time of initial PTCA but the patient . 


had subsequent electrocardiographic and enzymatic 
evidence of acute myocardial infarction. This incidence 
of coronary spasm after PTCA is less than that reported 
by others% and is most likely related to the fact that 
calcium channel blockers were not used as part of the 


- adjunctive therapy regimen in that study. Thus, we 


2 pt a MM ÓÁÀ 


advocate the routine use of calcium antagonists as a 
prophylactic measure against coronary artery spasm in 
patients undergoing PTCA. A diagonal branch acutely 
closed during successful PTCA of the left anterior de- 


scending coronary artery in 1 patient without devel- . 
opment of symptoms or evidence of myocardial in- 
farction. This lack of apparent sequelae to side-branch 


closure may have resulted because the mass of myo- 
cardium supplied by the occluded diagonal branch was 
relatively small and because of the possible presence of 


- collateral circulation. 


One patient with a previous massive myocardial in- 
farction died after an unsuccessful attempt to dilate a 
native circumflex artery approached through a vein 


. graft. At postmortem examination, the vessel was patent 


but the plaque was ruptured. The precipitating factor 
in the chain of events leading to death is not clear. It 
may have been a result of compromised blood flow by 
the ruptured plaque, with guidewire placement across 


the lesion possibly being a contributing factor, resulting 


in enough wall motion impairment in the circum- 
flex distribution to precipitate a significant decrease 
in cardiac output and subsequent intractable hypo- 
tension. 

The lower percentage of residual stenosis in our pg- 
tients may reflect recent technical improvements in 
PTCA, particularly the use of larger balloons and bal- 
loon catheters with stronger plastics that transmit 
higher pressures to stenotic segments, as the residu- 
al stenosis rate of 20% compares favorably with other 
reports of 34906,1220 31%?! and 2590. The degree of 
residual saphenous vein graft stenosis appears to be 
related to the position of the lesion in the graft, 
with residual stenosis being greater in the proximal 
anastomosis than the distal anastomosis, as previously 
reported.!! This may be a factor in the trend of a higher 
rate of restenosis in proximal lesions than in distal 
lesions. 

Improvement in symptomatic status occurred in the 
immediate post-PTCA period in almost all patients 
undergoing an initially successful PTCA. At follow-up, 
the continued success rate in the native coronary artéry 
group is slightly better in the present study (81% vs 76%) 
than that reported by others!! in patients after CABG, 
with the vein graft group comparing favorably (71% vs 
46%) as well. The follow-up success rates after PTCA 
in native arteries of patients without previous CABG 
may range from 53957? to 8396.71 

Others have shown that PTCA is more cost effective 
than CABG by showing that post-PTCA patients return 
to work a mean 8 weeks earlier than post-CABG pa- 
tients and that the cost ratio between CABG and PTCA 


dad 


Thus, when the coronary anatomy is suitable, PTCA 
is an effective alternative to reoperation in symptomatic 
patients with prior CABG. In this group of patients, 
PTCA offers particular advantages in terms of reduced 
myocardial infarction rate, morbidity, mortality, 
bleeding complications and medical costs. 
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Recent studies have shown that pain at rest in pa- 
tients with unstable angina pectoris is often caused 
by transient reduction in regional myocardial per- 
fusion. Coronary spasm has been implicated as a 
mechanism of this phenomenon. Recent reports 
have documented the occurrence of intracoronary 
thrombus in patients with unstable angina. Previous 
surveys have estimated a 6 to 12% frequency of 
intracoronary thrombus in this syndrome, but have 
not examined whether this incidence is related to 
how recent the angina at rest was. Angiograms of 
119 patients with unstable angina who had rest pain 
within 14 days of angiography and 35 patients with 
stable angina were surveyed. Patients with unstable 
angina were subgrouped according to how recent 
angina at rest was at the time of angiography. Group 
| consisted of 44 patients in whom rest pain occurred 
within 24 hours before angiography. The 75 patients 
in group Il had angina at rest between 1 and 14 days 
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Recent studies have shown that pain at rest in patients 
with unstable angina pectoris is often attributable to 
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before angiography. Patients in group Il had stable - 
angina. The angiographic criterion for intracoronary — 
thrombus was an intraluminal filling defect, sur- - 
rounded by contrast medium on 3 sides, located just - 
distal to or within a coronary stenosis, as assessed . 
by each of 2 independent observers blinded to the — 
nature of the anginal syndrome and its temporal 
proximity. Intracoronary thrombi were found in 44 — 
of 119 patients with unstable angina (37%) and 0 — 
of 35 patients with stable angina (p <0.00002). In- - 
tracoronary thrombi were found in 23 of 44 patients. 
(52%) in group I and 21 of 75 (28%) in group Il (p. 
<0.008). Thus, intracoronary thrombi were c n 
in patients with unstable angina who had active 
symptoms. They were less frequent in patients with - 
recently unstable angina whose symptoms were - 
well controlled, and absent in patients with stable — 
angina. y 

(Am J Cardiol 1985;56:403-406) 
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episodic reduction in regional myocardial perfusion 
rather than to transient increases in myocardial oxygen 
demand as formerly believed.’ Intermittent coronary 
spasm has previously been identified as a mechanism 


of transient flow reduction.* Another possible cause is y 
intermittent coronary occlusion by thrombus—forming, - 
lysing or embolizing and reforming on a fixed ather- — 


omatous stenosis. Folts et al? described a canine model ~ 
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TABLE! Patient Characteristics and Incidence of Intracoronary Thrombi 


No. 
Mean No. Peak Intracoronary 
Angina No. of Age (years) Coronary CK Thrombus 
Group Pts. Range (mean) Artery Stenoses Men (mean) (%) 
| 44 39-76 (60) 1.8 75% 56 23 (52)* " 
I 75 32-78 (59)* 1.9 70% 54 21 (28)* 
I 35 44-77 (65)* 1.9 63% — 0 
p <0.05* NS NS NS <0.008* 


* Indicates which values differ by p value shown. 


CK = creatinine kinase; NS = not significant. 


_ in which this occurs spontaneously. In addition, several 
 angiographers have reported intracoronary filling de- 
. fects thought to represent thrombi in patients with 
_ unstable angina.9-1? To determine whether intracoro- 
. nary thrombosis is an important factor in unstable an- 
gina, its frequency must be estimated in this syndrome, 
_ particularly when patients are having active ischemic 
symptoms, because thrombi may be evanescent. Pre- 
vious studies were not designed for this specific purpose. 
. To make such an estimate we performed a blinded re- 
view of angiograms from 119 consecutive patients with 
unstable angina and 35 patients with stable angina. 


Methods 


Between September 1982 and January 1984, consecutive 
patients with unstable angina who met the following criteria 
were included in the study. Inclusion criteria were: (1) typical 
ischemic pain occurring at rest, with or without exertional 
symptoms; (2) at least 1 episode of angina at rest within 14 
days before angiography; (3) creatinine values available for 
the interval of 12 to 36 hours after any prolonged pain episode; 
and (4) at least 1 coronary stenosis of 7096 or greater diameter 
reduction on angiography. 

Patients were excluded if: (1) new pathologic Q waves ap- 
peared on the electrocardiogram during the present illness; 
(2) peak creatinine kinase was elevated above 1 to 11/ times 
normal laboratory valves; (3) an acute myocardial infarc- 
tion occurred within 3 months before angiography; or (4) a 
change in caliber of a coronary stenosis occurred during 
angiography, either spontaneously or in response to intraco- 
ronary or sublingual nitroglycerin or intravenous ergonovine 
maleate. 

Of 142 patients whose precatheterization diagnosis was 
unstable angina, 22 were excluded—12 because creatinine 
phosphokinase values were unavailable, 5 because non- 
transmural infarction was diagnosed when creatinine phos- 
.phokinase levels became available and 5 because we could not 
determine precisely when the most recent rest pain episode 
occurred. 

Angiograms from 35 patients with stable angina studied 
during the same interval were chosen at random for blinded 
review with angiograms from the unstable patients. Stable 
patients met the following criteria: (1) typical ischemic pain 
occurring predictably with exertion or emotional stress, with 
or without electrocardiographic changes; (2) no rest pain; (3) 
symptoms present and stable for at least 3 months; and (4) no 
acute myocardial infarction within the past 3 months. 

_All angiograms were reviewed by 2 of us, blinded to the 
patients' identity, the nature of the ischemic syndrome and 
how recently rest symptoms in patients with unstable angina 
had occurred. Intracoronary thrombus was considered present 
is a spherical, ovoid or irregular intraluminal filling defect, 
surrounded on 3 sides by contrast medium, was seen just distal 


to or within a coronary stenosis. In instances of disagreement 
between the observers, intracoronary thrombus was recorded 
as absent. 

Patients with unstable angina were further subgrouped 
according to how recent the rest angina was at the time of 
angiography. Group I consisted of 44 patients who had angina 
at rest within 24 hours before angiography. Group II consisted 
of 75 patients whose most recent rest pain occurred between 
1 and 14 days before study. The 35 patients with stable angina 
constituted group III. The significance of differences between 
groups was assessed using the chi-square test, analysis of 
variance or Student unpaired t test, as appropriate. Differ- 
ences were considered significant when the p value was 
«0.050. 





FIGURE 1. Top, intracoronary thrombus (arrow) in patient receiving 
streptokinase for acute myocardial infarction. This frame was taken 
just as the left anterior descending artery reopened. Later in the infusion 
the thrombus was completely lysed. Bottom, a similar intraluminal filling 
defect (arrow) in patient with unstable angina who had no enzymatic 
or electrocardiographic evidence of infarction. 
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Results other baseline parameters differed among the 3 

groups. 
Table I shows values for age, sex, number of major Intraluminal filling defects were found in 44 of the 
vessel stenoses 70% or greater and frequency of intra- 119 patients with unstable angina (37%). None was 


coronary filling defects in all 3 groups, as well as highest found in the 35 patients with stable angina. This dif- 
creatinine phosphokinase recorded in groups I and II. ference is significant (x? = 18.12, p <0.00002). Intra- 
Age was significantly greater in the stable patients. No luminal filling defects were found in 23 of 44 patients 


FIGURE 2. Left, a severe stenosis in 
the right coronary artery of a patient 
with unstable angina. Right, the same 
artery 1 week later just before angio- 
plasty. Eighteen hours earlier the pa- 
tient had a 30-minute pain episode at 
rest without enzymatic or electrocar- 
diographic evidence of infarction. The 
intraluminal thrombus (arrow) protrudes 
from the stenosis. 


FIGURE 3. Left, an intraluminal filling 
defect (arrow) in the left anterior de- 
scending artery of a patient with un- 
stable angina who had daily rest pain. 
This angiogram was taken shortly after 
intracoronary nitroglycerin. This pa- 
tient’s symptoms were eliminated with 
intensive medical therapy. Right, the 
same vessel 2 months later. No resid- 
ual thrombus remains. There is very 
little residual stenosis, presumably 
because it also was composed largely 
of thrombus. 


FIGURE 4. Left, the right coronary ar- 
tery of a patient with unstable angina. 
A thrombus (arrow) is seen attached to 
the distal aspect of a severe stenosis. 
Right, 2 hours later, complete occlu- 
sion (arrow) at the site of the previous 
stenosis and thrombosis. The projec- 
tion differs slightly. 
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G9) who had rest pain within 24 hours before angio- 
_ graphy. In contrast, 21 of 75 patients (28%) whose most 
À recent rest angina occurred between 1 and 14 days had 
intraluminal filling defects. This difference is also sig- 


nificant (x? = 7.01, p <0.008). 
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Discussion 


__ There are several reasons to think that these intra- 
luminal filling defects do indeed represent intracoro- 
nary thrombi rather than intimal irregularities or 
ulcerated atherosclerotic plaques, as suggested by 
Ambrose et al.!! There is, first, an obvious angiographic 
resemblance to the intracoronary thrombi frequently 
seen in acute infarction patients undergoing thrombo- 
lysis," as shown in Figure 1. In a previous study from 
our laboratory, similar filling defects, found in unstable 
angina and nontransmural myocardial infarction pa- 
tients, were lysable with streptokinase. Moreover, 
‘Holmes et al6 retrieved thrombi at surgery or autopsy 
rom coronary arteries of 3 patients with unstable an- 
gina pectoris in whom previous angiography had shown 
similar intraluminal filling defects. 
.. There is also evidence that intraluminal filling de- 
fects, when present, have definite pathophysiologic 
significance. They have been observed in transmural 
myocardial infarction,!? nontransmural myocardial 
infarction and unstable angina,9-? but have been con- 
sistently absent in patients with stable angina in pre- 
vious studies?? and in the present study. Vetrovec et 
al’ noted growth of intraluminal filling defects in serially 
studied patients whose clinical symptoms persisted on 
medical management. We have previously described 
spontaneous closure, or reopening, during angiography 
of coronary arteries at the site of intraluminal filling 
defects.? We have since observed similar changes, as well 
as new appearance or disappearance, of intraluminal 
filling defects in patients who had serial angiograms 
separated by several days or weeks. Figure 2 shows new 
appearance of an intraluminal filling defect in a group 
I patient who had been pain-free for several days before 
the first angiogram but had angina at rest 18 hours be- 
fore the second. Figure 3 shows disappearance of an 
intraluminal filling defect in a patient with unstable 
angina whose symptoms were eliminated on medical 
management. Figure 4 shows complete occlusion, 
2 hours later, at the site of what was initially a se- 
vere stenosis associated with an intraluminal filling 
efect. 
j Our observed incidence of intracoronary thrombi in 
yatients with unstable angina is considerably higher 
han the 6% reported by Vetrovec et al’ or the 12% re- 
'orted by Zack et al.!° This may be attributable to dif- 
erences in study design. Vetrovec's population con- 
isted of patients who had unstable angina within 30 
ays before angiography, whereas the study of Zack et 
l included patients up to 90 days after onset of unstable 
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angina symptoms. Patients were not further categorized 


as to time between symptoms and angiography. We 
studied only patients with angina at rest within 14 days 
before angiography, and most (87%) had angiography 
within 7 days of resting symptoms. DeWood et al! 
demonstrated rapid spontaneous lysis of intracoronary 
thrombi in myocardial infarction patients. If a similar 
process occurs in unstable angina (as our data indicate), 
a substantially higher frequency of intracoronary 
thrombi would be expected with our study design. 

We conclude that intracoronary thrombosis is com- 
mon in patients with unstable angina when symptoms 
occur at rest, and plays a major etiologic role in this 
syndrome. Intracoronary thrombi are evanescent and 
may not be visualized angiographically after the clinical 
course has stabilized. 

These results emphasize the need for further explo- 
ration of therapy directed at preventing, stabilizing or 
lysing intracoronary thrombi in patients with unstable 
angina pectoris. Recent controlled clinical trials of an- 
tiplatelet agents,!^ heparin!® and streptokinase!® in 
patients with unstable ischemic syndromes suggest ef- 
ficacy for these agents. None has yet become a part of 
routine care in unstable angina. 
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> Functional Significance of Transient Collaterals 
During Coronary Artery Spasm 


MASAKAZU YAMAGISHI, MD, TSUNEHIKO KUZUYA, MD, KAZUHISA KODAMA, MD, 
SHINSUKE NANTO, MD, and MICHIHIKO TADA, MD 


Coronary collateral vessels appear transiently during 
vasospasm. To examine the functional role of such 
collaterals in acute myocardial ischemia, regional 
coronary flow was determined in patients who 
showed isolated total spasm in the proximal left 
anterior descending coronary artery associated with 
(n = 7, group I) and without (n = 9, group Il) col- 
laterals, which were donated by the nonspastic right 
coronary artery during ergonovine provocative test. 
Aortic pressure and heart rate were not significantly 
different in the 2 groups before and during spasm. 
During vasospasm, the levels of pulmonary artery 
end-diastolic pressure were significantly higher in 
group II (19 + 2 mm Hg, mean + standard error) 
than in group I (15 + 1 mm Hg, p <0.05). Under 
these conditions, great cardiac vein flow (GCVF) 
measured by thermodilution was markedly reduced 
in group Il (from 60 + 4 ml/min to 37 + 4 ml/min, p 


Coronary blood flow suddenly decreases during vaso- 
spasm associated with transient myocardial ischemia.1? 
Under these conditions, the ischemic myocardium can 
be perfused only by collateral circulation supplied by 
a nonspastic artery. Such collateral circulation was 
angiographically shown to appear transiently and to 
serve to prevent total myocardial ischemia.* However, 
some reports have indicated that these collaterals may 
not function to salvage spasm-related ischemic areas." 
The reason for controversy is that in previous studies, 
the function of collaterals during spasm was mainly 
evaluated by indirect means such as clinical symptoms 





From the Division of Cardiology, First Department of Medicine and 
Department of Pathophysiology, Osaka University School of Medicine, 
and the Division of Cardiology, Cardiac Care Unit, Osaka Keisatsu 
Hospital, Osaka, Japan. This work was supported in part by grants from 
the Ministry of Education, Science and Culture, Tokyo, Japan and from 
the Muscular Dystrophy Association of America, New York. Manuscript 
received February 11, 1985; revised manuscript received May 6, 1985, 
accepted May 7, 1985. 

Address for reprints: Michihiko Tada, MD, Division of Cardiology, First 
Department of Medicine and Department of Pathophysiology, Osaka 
University School of Medicine, 1-1-50 Fukushima, Fukushima-ku, Osaka 
553, Japan. 


407 











<0.01), whereas GCVF was slightly reduced in — 
group | (from 56 + 4 ml/min to 51 + 4 ml/min), in- — 
dicating that residual GCVF was greater in patients — 
with than in those without collaterals (p <0.05). The — 
calculated coronary collateral resistance index — 
during vasospasm was significantly lower in group 
1 (2.06 + 0.18 mm Hg min/ml) than in group 11 (2.91 
+ 0.30 mm Hg min/ml, p <0.05). Total left anterior EX 
descending coronary artery spasm with collaterals — 
was less frequently associated with ST elevation in — 
the precordial electrocardiogram recorded during - 
spasm. These results indicate that the collaterals — 
that can be seen during total coronary spasm may — 
perfuse to salvage the otherwise jeopardized — 
ischemic areas, resulting in a lesser degree of 3 
myocardial ischemia compared with areas not | 
supplied by such collaterals. d 

(Am J Cardiol 1985;56:407-412) l 
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and angiographic and electrocardiographic findings, and | 
not by a more direct estimation of coronary hemody- — 
namics. Determination of great cardiac vein flow x 
(GCVF) by thermodilution enables us to estimate the — 
alteration of anterior left ventricular flow supplied by 
the left anterior descending artery (LAD) or by collat- 5 
eral circulation when the LAD is occluded.? Therefore, — 
by measuring GCVF, one may examine whether the 
collaterals, which perfuse the anterior ventricular wall, - 
could actually function to salvage the spasm-induced j 
myocardial ischemia. The purpose of this study was to 
define the functional role of collaterals and associated — 
increases in regional blood flow in patients with angina - 
pectoris who showed isolated total spasm in the proxi- - 
mal LAD during ergonovine provocative testing. i 
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Methods 


Patients: We studied 16 men, average age 50 years, who 
showed isolate total spasm (100% functional obstruction at 
a particular site of coronary artery) in the proximal LAD 
during ergonovine testing. Each patient had predominantly 
rest angina, associated with ST elevation in 10 patients, ST. 
depression in 4 and no ST deviation in 2. Six patients also had 
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i Clinical Ergonovine ST Deviation Fd E OU odiis Kea Grade 
Pt Age (yr) Features Dose (mg) During Spasm Control Spasm of TC 
EP 31 RA 0.1 N 25 100 Good > 
B. 2 56 EA, RA 0.1 Vs En 75 100 Good ° 
E.g 53 EA, RA 0.2 V4-Ve ST 90 100 Good 
t 4 56 RA 0.1 N 75 100 Good 
5 46 RA 0.2 V4-Ve ST 70 100 Poor 
E 6 52 RA 0.1 Va-Ve ST 50 100 Poor 
7 40 EA, RA 0.1 V4-Vs ST 75 100 Poor 
| 8 56 RA 0.2 V4-Ve ST 25 100 ase 
9 58 RA 0.2 Va-Vs ST 75 100 
5.710 46 RA 0.2 Vo-Vg ST N 100 
Buea 48 RA 0.05 V4-Ve ST 90 100 
12 46 EA, RA 0.3 V3-Ve ST 90 100 
e T3 55 0.2 Va4-Vg ST 50 100 
14 57 RA 0.1 V4-Vs ST 50 100 
15 53 EA, RA 0.1 Va3-Vg ST 75 100 
16 51 EA, RA 0.1 V4-Ve ST 90 100 
EA = exertional angina; LAD = left anterior descending artery; N = normal; RA = rest angina, TC — transient collaterals. 
B 
exertional angina (Table I). No patients had a clinical history ization of collateral vessels,!!:12 we standardized the injection zt 
of myocardial infarction. volume and pressure of contrast medium to almost the same 
_ Catheterization procedures: Each patient gave informed levels as those used for the control arteriogram. After these 
consent. Vasodilating drugs such as long-acting nitrates or procedures, nitroglycerin, 0.3 to 0.6 mg, was administered 
calcium antagonists were avoided at least 24 hours before the sublingually to relieve spasm. 
catheterization, except for sublingual nitroglycerin. Heparin, Ergonovine does not appear to constrict the collateral 
100 units/kg, was intravenously administered at the beginning vessels.?-? We considered the evidence for collaterals during 
of procedures and 1,000 units/kg was added every hour. Cor- spasm when the distal portion of the spastic site of the LAD 
onary arteriography was performed by the Judkins tech- was opacified by retrograde flow. The quality of collaterals was 
nique.'° To record left and right coronary arteriograms almost graded as good or poor on a modification of the criteria of 
simultaneously, both left and right coronary catheters were Levin!?: Good collaterals caused complete opacification of the 
positioned in the ascending aorta through bilateral femoral portion of the LAD distal to the spastic site and poor collat- 
arteries or each catheter was exchanged as quickly as possible erals caused faint or incomplete visualization of the LAD 
by the method described in detail elsewhere.4^ distal to the spastic site. 
_ In each patient, a No. 8Fr multithermister catheter To assess stenosis of coronary arteries, the severity of each 
(CCS-8/7-90K, Wilton-Webster Corp.) was introduced from atherosclerotic lesion was defined as the greatest percent re- 
the left antecubital vein into the coronary venous systems and duction in luminal diameter that was seen in any view com- 
the external thermistor was advanced to the great cardiac vein. pared with the nearest proximal section that was judged free 
À coronary venous angiogram by this catheter was recorded of stenosis. ^* 
on a videotape recorder and catheter position was frequently Calculations: GCVF was measured by the continuous | 
checked by referring to this recording. 'T'he aortic pressure was thermodilution method.!^ Dextrose 5% in water at room 
measured with the coronary catheter and mean aortic pressure temperature was injected into the great cardiac vein using 
was determined by electric filtration. Pulmonary artery Harvard pump at a rate of 38 ml/min. GCVF was calculated 
end-diastolic pressure, an index of left ventricular filling using the formula: (Tb — Ti]/[Tb — Tm] — 1)(1.08), where 
pressure, was measured with a No. 7Fr balloon-tipped catheter Tb, Ti, and Tm = temperature of blood, indicator and 
placed in the main pulmonary artery through the right femoral blood-indicator mixture, respectively, and 1.08 = a constant 
vein. The electrocardiogram was continuously monitored and derived from the density and specific heat of a mixture of 
recorded every 30 seconds in the standard 12 leads using x-ray dextrose solution and blood. In our experience, this method 
zansparent carbon-fiber electrodes. All pressures, measured had a coefficient of variation of 10% for determination at in- 
with a Statham P23Db transducer, and GCVF were recorded tervals of 2 to 5 minutes. T'herefore, we considered change in 
yn an optical strip-chart recording system. the GCVF significant when reduction of flow exceeded 10% 
_ After hemodynamic variables and an electrocardiogram of the control levels. An index of coronary collateral resis- 
vere recorded, control left and right coronary arteriograms tance!? was calculated from the ratio of the mean aortic — 
vere recorded in multiple views, including craniocaudal pulmonary artery end-diastolic pressure difference and 
»rojections, using a standard contrast material (Urogra- GCVF. 
^hin-76*). All arteriograms were performed at 60 frames/s on During control and ergonovine periods, hemodynamic 
&odak CFS films. After 5 minutes, when hemodynamic values values were measured by averaging determination made over 
eturned to control levels, ergonovine in a 0.05- to 0.1-mg bolus at least 10 consecutive beats. Heart rate was calculated from 
lose was intravenously injected through the balloon-tipped the electrocardiogram. The magnitude of ST deviation was 
atheter every 3 to 4 minutes. When the patient had angina determined by measuring the difference between the position ^ 
r significant ST deviation or abrupt elevation of pulmonary of the ST segment during control and ergonovine periods. 3 
rtery end-diastolic pressure, suggesting the occurrence of New ST displacement of more than 0.1 mV was considered 
asospasm, an electrocardiogram and hemodynamic values significant. 
rere recorded. Subsequently, left and right coronary arteri- All values are presented as a mean + standard error. Sta- 
grams were taken to define the occurrence of vasospasm as- tistical analysis was performed by paired t test to compare 
ociated with or without collaterals in the same projection data during control and ergonovine periods from each patient, 
sed in the control arteriogram. 'To avoid artifactual visual- and by unpaired t test to compare data between the 2 groups. | 
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TABLE! Clinical, Electrocardiographic and Angiographic Findings — SAP emer TA AUS 


> 


LAD Narrowing (%) 


SUE ENE Suy 
ne LEY ty Ad l 


es. 








ME A ike dd ue cus T 3 s P M cnt a tbe UNE pe Y TROU al ee ee ee ee Cee Ree TRIS 
ae TABLE T Bretó Hornodynamië Retndneds During Vason 
i Group | Group II 
Variables Control Spasm Control Spasm 
PI usn rani MLE PAS tah “kU ce NN e Aa 
Mean aortic 108 + 10 116 + 12 110+ 8 118 + 10 
- pressure 
(mm Hg) 
Heart rate 75485 7544 7426 66+ 5 
(beats/min) 
Pulmonary artery 941 15 + 1* 10+3 19+ 2*' 
end-diastolic 
pressure 
(mm Hg) 





Values are mean + standard error. 
* p <0.01 compared with control values; t p <0.05 compared with values in Group |. 


FIGURE 1. Patient 1. Coronary arteri- 
ographic, electrocardiographic and 
hemodynamic findings during vaso- 
spasm associated with transient col- 
laterals. A, top, during nonanginal pe- 
riod, the left anterior descending artery 
(LAD) had slight luminal narrowing 
(arrow); middle, the right coronary ar- 
tery was normal. B, top, after provo- 
cation of spasm with ergonovine, 0.1 
mg, the LAD was totally occluded at the 
+ site of previous narrowing (arrow). 
Middle, the subsequent right coronary 
arteriogram showed good collaterals, 
which could completely opacify the 
distal portion of the LAD (arrows). 
Bottom, under these conditions, the 
great cardiac vein flow was slightly 
decreased. In this patient, no significant 100 ——— 
ST deviation was observed during 


vasospasm. AP - aortic pressure; t 
GCVF = great cardiac vein flow; MAP [3 
= mean AP; PAEDP = pulmonary ar- ~ 
tery end-diastolic pressure; PAP = 9 
pulmonary artery pressure. 
[y dadda bike dd 
m MAP 95 mmHg 
PAEDP ce? 1 1 2 mmHg 
GCVF 46 mi/mn 44 ml/min 
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TABLE Ill Sotona Hemodynamic heenonees During Vasospasm 











Great Cardiac Vein Flow Coronary Collateral Resistance 
(ml/min) (mm Hg min/ml) 
Pt Control Spasm Control Spasm 
: Group | v 
| 1 46 1.80 1.89 
2 59 1.59 1.76 
3 52 2.18 2.27 
g 4 73 1.59 1.52 
^ 5 49 1.69 1.89 
| 6 43 2.23 2.81 
7 72 1.75 2.31 
Group II 
8 52 1.63 2.58 
9 48 1.85 5.05 
10 56 1.76 2.76 
11 41 2.02 3.21 
12 68 1.38 1.85 
13 77 1.43 2.29 
14 58 1.98 2.64 
| 15 61 1.77 2.81 
16 76 1.59 3.00 





A chi-square test was used to compare the frequency of 
ST elevation in the groups. A p value «0.05 was considered 
significant. 


; 
Results 

Clinical, electrocardiographic and arteriographic 
findings of all patients are summarized in Table I. 

Electrocardiographic and coronary arterio- 
graphic changes: No collaterals were visualized before 
ergonovine administration. During total LAD spasm 
after ergonovine administration, collaterals donated by 
the right coronary artery (Fig. 1) were found in 7 pa- 
tients (nos. 1 to 7, group I) and were not found in 9 pa- 
tients (nos. 8 to 16, group II). There was no significant 
difference in ergonovine dosage in 2 groups. Before 
spasm, a significant organic stenosis (more than 50%) 
in the LAD was present in 6 of 7 patients in group I and 
in 7 of 9 patients in group II. The overall percent of LAD 
stenosis before spasm was similar in patients in group 
I (66 + 8%) and those in group II (60 + 12%). 

Main pathways of collaterals to the distal LAD were 
septal perforating branches in 6 patients and right 
ventricular branches in 1 patient. Patient 4 received the 
collaterals both from the septal and the conus branches 
of right coronary artery. The grade of collaterals varied; 
4 patients had good collaterals and 3 had poor collat- 
erals. In group II, 8 of 9 patients had typical angina as- 
sociated with ST elevation in the spasm- -related pre- 
cordial electrocardiogram, whereas in group I ST 
elevation was observed in only 2 patients, who had poor 
collaterals during vasospasm. In group I, 3 patients 
showed S'T depression and 2 patients did not show sig- 
nificant ST deviation. Therefore, total LAD spasm with 
collaterals was less frequently associated with ST ele- 
vation compared with those without collaterals (p 
<0.05). The patients in group I had no other objective 
clinical characteristics such as duration or frequency of 
angina different from those in group II. 
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Systemic hemodynamic responses: Table II is a 
summary of systemic hemodynamic responses after 
ergonovine. In both groups, no changes in heart rate and 
mean aortic pressure were seen before or during vaso- 
spasm. Therefore, the rate-pressure product, an index 
of myocardial oxygen consumption, was not signifi- 
cantly different in the 2 groups before and during 
vasospasm. Pulmonary artery end-diastolic pressure 
was similar in groups I and II before spasm. It increased 
significantly during vasospasm in both groups, but the 
extent of elevation was markedly higher in group II (p 
<0.05). 

Coronary hemodynamic responses: In group II, 
GCVF significantly decreased from control values 
during vasospasm in all patients (from 60 + 4 ml/min 
to 37 + 4 ml/min, p «0.01). In contrast, in group I, 
GCVF, which was similar to that in group II in the 
control state (56 + 4 ml/min), did not change signifi- 
cantly (51 + 4 ml/min, Fig. 2A). In 5 of 7 patients in 
group I, GCVF showed no significant change (less than 
10% of control levels), whereas 2 patients with poor 
collateral circulation had a significant reduction in 
GCVF (Table III). Thus, LAD spasm accompanying 
collaterals maintained GCVF during vasospasm. Cor- 
onary collaterals resistance during vasospasm, which 
effectively serves as an index to evaluate collateral 
function,!5 was significantly lower in patients in group 
I (2.06 + 0.18 mm Hg min/ml) than in those in group II 
(2.91 + 0.30 mm Hg min/ml, p <0.05). 


Discussion 


The clinical role of angiographically visible collaterals 
in patients with coronary artery disease is controversial. 
Although some reports suggest that coronary collaterals 
may not be important,!6.!7 the recent consensus is that 
collateral circulation can play a pivotal role in pre- 
serving myocardial function in chronically obstructed 
coronary artery disease.!95-?! When coronary blood flow 
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abruptly decreases to provoke total myocardial ischemia 


during vasospasm or intracoronary angioplasty, col- 
lateral circulation may also be augmented to perfuse the 
ischemic areas.3-8-15.22 We previously reported that in 
cegtain patients with vasospastic angina and collaterals, 
ST elevation was not observed despite the occurrence 
of total spasm in the proximal coronary artery, 
suggesting that such collaterals are functional in sal- 
vaging spasm-induced total myocardial ischemia.*° 
However, it has been unclear whether these collaterals 
could actually perfuse to salvage the otherwise jeopar- 
dized ischemic areas during coronary spasm. 

During our catheterization procedures, GCVF was 
determined by the thermodilution technique to evaluate 
the alteration of anterior left ventricular flow during 
total LAD spasm associated with and without collat- 
erals. Reproducibility of such collateral evaluation was 
reported by Feldman et al,?:!5 who showed that when 
the LAD was occluded by balloon catheter, GCVF de- 
clined rapidly and remained almost constant during 
repeated occlusions of the LAD. 

In the present study, LAD spasm resulted in well- 
maintained GCVF in 5 of 7 patients with collaterals; 2 
patients, both of whom had poor collaterals, showed a 
decrease in GCVF. In contrast, total LAD spasm with- 
out collaterals was accompanied by a significant de- 
crease in GCVF. These results support the view that 
these collaterals perfuse the otherwise jeopardized 
ischemic areas of anterior left ventricular wall during 
total LAD spasm. It is reasonable to assume that the 
collateral blood supply could transiently occur through 
preexisting vessels owing to spasm-induced transcoro- 
nary pressure gradients. However, it is not known 
whether the observed salvage of regional flow is effective 
in maintaining the otherwise jeopardized myocardium. 
The present findings suggest that collateral circulation 
during vasospasm can actually relieve cellular ischemia. 
Indeed, in patients with collaterals, ergonovine-induced 
vasospasm resulted in mild angina associated with he- 
modynamic (slight elevation of pulmonary artery end- 
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FIGURE 2. Summary of changes in great cardiac vein 
flow and coronary collateral resistance values during 
vasospasm associated with (group I) and without (group 
Il) collaterals. Open columns represent values in patients 
with collaterals and solid columns represent values in 
patients without collaterals. During total spasm of the left 
anterior descending artery, residual great cardiac vein 
flow was significantly higher (left). Calculated coronary 
collateral resistance was significantly lower in patients 
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significant; S.E. = standard error; TC = transient collat- 
erals. 
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^ Jd 
diastolic pressure) and electrocardiographic (mainly ST — 
depression) responses. In conjunction with the pre- 
liminary data, in that the levels of cardiac lactate pro- — 
duction during total LAD spasm were apparently low — - 
when collaterals were present, one may suggest that — 
spasm-induced myocardial ischemia would be effec- — 
tively salvaged by the collateral circulation. Whether . 2. 
these collaterals could also salvage ischemic tissue after — 
acute coronary thrombosis should be examined. n 
The angiographically determined grade of collaterals — 
during vasospasm does not always correlate with the — 


^ 


coronary hemodynamic results. In a patient with the — - 
poor collaterals, GCVF decreased slightly during total — 
LAD spasm not associated with ST elevation (patient — . 
5). Such a discrepancy between angiographic findings —.- 
and collateral function was suggested by Arani et al, 755) : 
who contended that coronary angiography may un- -— 
derestimate the collateral function, because it is difficult ~ 
to angiographically evaluate the contribution of in- _ 
tramural collateral vessels less than 100 to 200 umin — 
diameter. Possibly, the collaterals are established — . 
through clinically undemonstrable microvessels to  - 
maintain the regional perfusion during total coronary 
spasm. on 
Although we have shown that significant collateral 
supply could occur through preexisting vessels during — 
coronary spasm, how these latent channels could be  - 
formed in patients who did not show critical organic — - 
stenosis is not known. In human studies, angiographi- 
cally visible collateral vessels have been considered to © 
develop only in the presence of severe (more than 9090)  - 
organic stenosis.1?2* Moreover, about 2 weeks are nec- — - 
essary for the collaterals to develop after acute coronary — - 
occlusion associated with myocardial infarction.” In — - 
contrast to the appearance of collaterals resulting from 
such permanent obstructions, the present findings - 
suggest that latent collateral channels may be formed po. 
by repetitive dynamic coronary obstruction. Experi- - 
mentally, well-functioning collaterals can develop when — - 
brief occlusions of the large coronary artery are re- - 


^a 









T 


. 
ES 


"i 











B r—P«0.01—4 
Np he 
r-NS-A rm 


r—P «0.01——3 


5 


C : with TC 
E : without TC 
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peated. Further studies are needed to elucidate the 
mechanism of collateral evolution during coronary ar- 
tery spasm in humans. 
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Once-a-day 


Triamterene 75 mg /Hydrochlorothiazide 50 mg/Lederle 


THE FIRST AND ONLY 
REPLACEMENT FOR THE LESS 
BIOAVAILABLE TRIAMTERENE/ 
HYDROCHLOROTHIAZIDE 
FORMULATION... PROVEN 
SUPERIOR IN BIOAVAILABILITY 





Please see last page of this advertisement for brief summary of prescribing information. 
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Inamterene 75 mg/Hydrochlorothiazide 50 mg/Lederle 





SUPERIOR DRUG DELIVERY AND ABSORPTION — 
TABLET TO TABLET, PATIENT TO PATIENT 


MAXZIDE is optimally bioavailable and consistently delivers the 
TET dose of 75 mg triamterene and 50 mg hydrochlorothiazide. 

yazide®,* on the other hand, exhibits poor bioavailability. When given in 
equivalent doses, Dyazide delivers approximately half the amount of 
hydrochlorothiazide as MAXZIDE. Similarly, two Dyazide capsules deliver 
less than half the amount of triamterene as one MAXZIDE tablet.’ 


Percent dose of hydrochlorothiazide Percent dose of triamterene recovered from urine 
recovered from urine over 72 hours in subjects? over 72 hours in subjects? given single oral doses 
given single oral doses 
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?Data from a study of 24 subjects. *Data from two studies of 24 subjects each. 
PHydroDIURIL is the registered trademark of Merck & Co., Inc., for 
hydrochlorothiazide. 


PROVIDES OPTIMAL ABSORPTION OF 
43 MG TRIAMTERENE/ 


50 MG HYDROCHLOROTHIAZIDE 





A CLINICALLY SAFE AND EFFECTIVE ALTERNATIVE IN 


POTASSIUM-SPARING ANTIHYPERTENSIVE THERAPY 
- FOR PATIENTS ON HYDROCHLOROTHIAZIDE WHO DEVELOP HYPOKALEMIA 
- FOR NEWLY DIAGNOSED PATIENTS IN WHOM THE DEVELOPMENT OF 
HYPOKALEMIA CANNOT BE RISKED 
- FOR PATIENTS TRANSFERRED FROM DYAZIDE 


[n a transfer safety study, patients taking up to four Dyazide capsules daily 
were effectively transferred to MAXZIDE q.d. with no compromise in 
clinical condition? 


PROVEN FORMULATION MAXIMIZES POTASSIUM- 
SPARING EFFECT OF TRIAMTERENE 


In a clinical dose-response evaluation, 75 mg triamterene daily most. 
successfully corrected the hypokalemic effect of repeated daily doses of 
50 mg a ES E E 


Dose-response evaluation of triamterene's 
potassium-sparing activity in patients? 
rendered hypokalemic with long-term daily 
doses of 50 mg hydrochlorothiazide 


‘Ordinarily, triamterene does not entirely reverse the kaliuretic effect of hydrochlorothiazide. 





Change in Serum K+ from Baseline in mEq/L 


eferen . Blume CD, Williams RL, Upton RA, et al: Bioequivalency study of 
new tablet formulation of triamterene and hydrochlorothiazide. Am J Med 1984; 
7(SA):59-61. 2. Williams RL, Clark T, Blume CD: Clinical experience wit W 
mbin ormulation of triamterene and hydrochlorothiazide (Maxzid 
i ntl lerate hypertension. 4 Med 1984; 
Dose of Triamterene i it Id Yoderate hy rin Am ] Mt : 
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3. Blume CD, Williams RL: A new antihypertensive agent: MAXZIDE: Am J Med 
1984; 77(5A):52-58. 


*Data from a study of 49 patients. 


*Trademark of SK&F Co., Carolina, PR. 
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ECONOMICAL, ONCE-A-DAY POTASSIUM-SPARING 
ANTIHYPERTENSIVE THERAPY 


BRIEF SUMMARY 

Please see package insert for full prescribing information. 

INDICATIONS AND USAGE: MAXZIDE is indicated for the treatment of hypertension 
or edema in patients who develop hypokalemia on hydrochlorothiazide alone. It is 
also indicated for those patients who require a thiazide diuretic and in whom the 
development of hypokalemia cannot be risked (e.g.. patients on digitalis prepara- 
tions or with a history of cardiac arrhythmias. etc.). This fixéd combination drug Is 
not Indicated for the Initial therapy of edema or hypertension except in individuals 
In whom the development of h alemia canno risked. MAXZIDE may be used 
alone or in combination with other antihypertensive drugs such as beta-blockers. 
Since MAXZIDE may enhance the actions of these drugs, dosage adjustments may 
be necessary Usage in Pregnancy: The routine use of diuretics in an otherwise 
healthy woman is inappropriate and exposes mother and fetus to unnecessary haz- 
ards Diuretics do not prevent development of toxemia in pregnancy. and there is no 
satisfactory evidence that they are useful in the treatment of developed toxemia. 
CONTRAINDICATIONS: Hyperkalemia’ MAXZIDE should not be used in the presence 
of elevated serum potassium levels (greater than 5.5 mEq/liter). If hyperkalemia 
develops. this drug should be discontinued and a thiazide alone should be substi- 
tuted Concomitant use with other potassium conserving agents such as spirono- 
lactone, amiloride HC! or other formulations containing triamterene. Concomitant 
potassium supplementation in the form of medication, potassium-containing salt 
substitute or potassium enriched diets should also not be used. Contraindicated 
in patients with anura. acute and chronic renal insufficiency or significant renal 
impairment. Hypersensitivity to either component separately or other sulfonamide- 
derived drugs 













mEq/liter) can occur with all potassium conserving agents including MAXZIDE. 
Hyperkalemia is more likely to occur in patients with renal impairment, diabe- 
tes (even without evidence of renal impairment). or elderly or severely ill 
patients Since uncorrected hyperkalemia may be fatal, serum potassium lev- 
els must be monitored at frequent intervals especially in patients first receiv 
ng MAXZIDE. when dosages are changed. or with any illness that may 
influence renal function 





If hyperkalemia is suspected, (warning signs include paresthesias, muscular 
weakness. fatigue. flaccid paralysis of the extremities, bradycardia and shock) an 
electrocardiogram (ECG) should be obtained. Monitor serum potassium levels 
because mild hyperkalemia may not be associated with ECG changes. If hyperkale- 
mia is present, MAXZIDE should be discontinued immediately and a thiazide alone 
should be substituted If the serum potassium level exceeds 6.5 mEq/liter, more 
vigorous therapy is required. The clinical situation dictates the procedures to be 
employed These include the intravenous administration of calcium chloride solu- 
tion, sodium bicarbonate solution and/or the oral or parenteral administration of 
glucose with a rapid acting insulin preparation. Cationic exchange resins such as 
sodium polystyrene sulfonate may be orally or rectally administered. Persistent 
hyperkalemia may require dialysis. The development of hyperkalemia associated 
with potassium sparing diuretics is accentuated in the presence of renal impair- 
ment (see CONTRAINDICATIONS) Patients with mild renal functional impairment 
should not receive this drug without frequent and continued monitoring of serum 
electrolytes Cumulative drug effects may be observed in patients with impaired 
renal function The renal clearances of hydrochlorothiazide, the pharmacologically 
active metabolite of triamterene, and the sulfate ester of hydroxytriamterene have 
been shown to be reduced and the plasma levels increased following MAXZIDE 
administration to elderly patients and patients with impaired renal function. Hyper- 
kalemia has been reported in diabetic patients with the use of potassium conserv- 
ing agents even in the absence of apparent renal impairment. Avoid MAXZIDE in 
diabetic patients. If it is employed. serum electrolytes must be frequently moni- 
tored. Metabolic or Respiratory Acidosis Potassium conserving therapy should also 
be avoided in severely ill patients in whom respiratory or metabolic acidosis may 
occur, since acidosis may be associated with rapid elevations in serum potassium 
levels If MAXZIDE™ triamterene TSmghydrochiorothiazide 50mg is employed. 
frequent evaluations of acid/base balance and serum electrolytes are necessary. 
PRECAUTIONS: Electrolyte Imbalance and BUN Increases: Patients receiving 
MAXZIDE should be carefully monitored for fluid or electrolyte imbalances, r.e., 
hyponatremia, hypochloremic alkalosis, hypokalemia and hypomagnesemia 

erum and urine electrolyte determinations should be frequently performed and 
are especially important when the patient is vomiting or receiving parenteral fluids. 
Warning signs or symptoms of fluid and electroiyte imbalance include: dryness of 
mouth, thirst. weakness, lethargy. drowsiness, restlessness. muscle pains or 
cramps, muscular fatigue, hypotension, oliguria, tachycardia and gastrointestinal 
disturbances such as nausea and vomiting 

Any chloride deficit during thiazide therapy is generally mild and usually does not 
require any specific treatment except under extraordinary circumstances (as in 
liver disease or renal disease) Dilutional hyponatremia may occur in edematous 
patients in hot weather, appropriate therapy iS water restriction, rather than admin- 
istration of salt, except in rare instances when the hyponatremia is life threaten- 
ing In actual salt depletion. appropriate replacement is the therapy of choice 

Hypokalemia may develop with thiazide therapy. especially with brisk diuresis, 
when severe cirrhosis IS present. or during concomitant use of corticosteroids, 
ACTH. amphotericin B or after prolonged thiazide therapy However. hypokalemia of 
this type is usually prevented by the triamterene component of MAXZIDE 

Interference with adequate oral electrolyte intake will also contribute to hypoka- 
lemia. Hvpokalermia can sensitize or exaggerate the response of the heart to the 
toxic effects of digitalis (e.g., increased ventricular irritability) 

MAXZIDE may produce an elevated blood urea nitrogen level (BUN), creatinine 
level or both This is probably not the result of renal toxicity but is secondary to a 
reversible reduction of the glomerular filtration rate or a depletion of the intravas- 
cular fluid volume Periodic BUN and creatinine determinations should be made 
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Hepatic Coma: MAXZIDE should be used with caution in patients with impaired 
hepatic function or progressive liver disease, since minor alterations of fluid and 
electrolyte balance may precipitate hepatic coma. Renal Stones: Triamterene has 
been reported in renal stones in association with other calculus components. 
MAXZIDE should be used with caution in patients with histories of renal lithiasis. 
Folic Acid Deficiency: Triamterene is a weak folic acid antagonist and may contrib- 
ute to the appearance of megaloblastosis in instances where folic acid stores are 
decreased. In such patients, periodic blood evaluations are recommended. Hyper- 
uricemia: Hyperuricemia miy occur or acute gout may be precipitated in certain 
patients receiving thiazide therapy. Metabolic and Endocrine Effects: The thiazides 
may decrease serum PBI levels without signs of thyroid disturbance. 

alcium excretion is decreased by thiazides. Pathological changes in the para- 
thyroid gland with hypercalcemia and hypophosphatemia have been observed in a 
few patients on prolonged thiazide therapy. The common complications of hyper- 
parathyroidism such as renal lithiasis, bone resorption, and peptic ulceration have 
not been seen. Thiazides should be discontinued before carrying out tests for para- 
thyroid function. 

Insulin requirements in diabetic patients may be increased, decreased or 
unchanged. Latent diabetes mellitus may become manifest during thiazide admin- 
istration. Hypersensitivity: Sensitivity reactions to thiazides may occur in patients 
with or without a history of allergy or bronchial asthma. 

Possible exacerbation or activation of systemic lupus erythematosus by thiazides 
has been reported. Drug Interactions: Thiazides may add to or potentiate the action 
of other antihypertensive drugs. 

The thiazides may decrease arterial responsiveness to norepinephrine. This 
diminution is not sufficient to preclude effectiveness of the pressor agent for thera- 
peutic use. Thiazides have also been shown to increase responsiveness to 
tubocurarine. 

Lithium, when given with diuretics, reduces renal clearance and increases the 
risk of lithium toxicity. Refer to the package insert on lithium before use of such 
concomitant therapy. 

Acute renal failure has been reported in a few patients receiving indomethacin 
and other formulations containing triamterene and hydrochlorothiazide. Caution is 
ies advised when administering nonsteroidal anti-inflammatory agents with 
MAXZIDE. 

Drug/Laboratory Test Interactions: Triamterene and quinidine have similar 
fluorescence spectra; thus M, E may interfere with the measurement of 
quinidine. 

Pregnancy: Category C: The safe use of MAXZIDE in pregnancy has not been 
established. Animal reproduction studies have not been conducted with 
MAXZIDE™ triamterene 75mg/hydrochlorothiazide 50mg. It is also not known if 
MAXZIDE can cause fetal harm when administered to a pragopnt woman or can 
affect reproductive capacity Thiazides cross the placental barrier and appear in 
cord blood. The use of thiazides in pregnant women requires that the anticipated 
benefit be weighed against possible hazards to the fetus. These hazards include 
fetal or neonatal jaundice, thrombocytopenia, pancreatitis, and possibly other 
adverse reactions which have occurred in the adult. MAXZIDE should be given to a 
di ect woman only if clearly needed. 

ursing Mothers: Thiazides appear in breast milk. If the use of MAXZIDE is 
deemed essential, the patient should stop nursing. Pediatric Use: The safety and 
effectiveness of MAXZIDE in children has not been established. 
ADVERSE REACTIONS: Side effects observed in association with the use of 
MAXZIDE include drowsiness and fatigue, insomnia, muscle cramps and weak- 
ness, headache, nausea, appetite disturbance, vomiting, diarrhea, constipation, 
dizziness, decreased sexual performance, shortness of breath and chest pain, dry 
mouth, depression and anxiety. These adverse reactions are common to other 
triamterene and hydrochlorothiazide containing products. Other adverse reactions 
include: 
Hydrochlorothiazide: 

Gastrointestinal: anorexia, gastric irritation, crampin, none (intrahepatic 
cholestatic jaundice), pancreatitis, sialadenitis. Central Nervous System: vertigo, 
paresthesias, xanthopsia. Hematologic: leukopenia, orig t thrombocy- 
topenia, aplastic anemia, hemolytic anemia, megaloblastosis. Cardiovascular: 
orthostatic hypotension (may be aggravated by alcohol, barbiturates, or narcotics). 
Hypersensitivity: anaphylaxis, purpura, photosensitivity, rash, urticaria, necrotiz- 
ing angiitis (vasculitis, cutaneous vasculitis), fever, respiratory distress including 
pneumonitis. Other: hyperglycemia, glycosuria, hyperuricemia, restlessness, tran- 
sient blurred vision. 

Triamterene: 

Hypersensitivity: anaphylaxis, photosensitivity and rash. Other: Triamterene has 
been reported in renal stones in association with other calculus materials. Triam- 
terene has been associated with blood dyscrasias. Whenever adverse reactions 
are moderate to severe, therapy should be reduced or withdrawn. 

DOSAGE AND ADMINISTRATION: The recommended dosage of MAXZIDE is one tab- 
let daily with appropriate monitoring of serum potassium levels (see WARNINGS). 
Patients receiving 50 mg of hydrochlorothiazide who become hypokalemic may be 
transferred to MAXZIDE directly In patients requiring 5O mg of hydrochlorothiazide 
in whom hypokalemia cannot be risked, therapy may be initiated with MAXZIDE. 
There is no clinical experience with doses exceeding one tablet daily 
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* Systemic, Left Ventricular and Coronary Hemodynamic 
Effects of Intravenous Diltiazem in Coronary Artery Disease 


“MICHEL JOYAL, MD, KARL F. CREMER, PharmD, JOHN A. PIEPER, PharmD, 


ROBERT L. FELDMAN, MD, and CARL J. PEPINE, MD 


Systemic and coronary hemodynamic effects of 
intravenous diltlazem, administered as a bolus of 
250 g/kg followed by an Infusion of 1.4 Lg/kg/min, 
were examined In 14 patients with effort angina. 
There was no change In heart rate despite significant 
decreases In systolic, diastolic and mean systemic 
pressures (1396, 1096 and 11%, respectively, ail 
p <0.01). The blood pressure decrease was closely 
correlated with the Initial blood préssure (r = 0.81, 
p <0. 05). Neither left ventricular end- diastolic 
pressure nor peak dP/dt changed significantly, but 


| 


| 


Extensive information is available about acute systemic 
and coronàry hemodynamic effects of verapamil and 
nifedipine,! but limited data are available about effects 
of diltiazem on hemodynamic function, although its 
beneficial clinical effects are well known.2? Intravenous 
diltiazem could be of practical use, because beneficial 
effects i in the treatment of paroxysmal supraventricular 
tachyarrhythmias,!° pulmonary hypertension,!! and 
hypertensive emergencies!? have been reported. In- 
travenous diltiazem may also be useful for rapid control 
of acute myocardial ischemia. Détailed studies of the 
acute effect of intravenous diltiazem on systemic and 
coronary hemodynamic function in patients with cor- 
onary artery disedse (CAD) are lacking. In previous 
reports of the hemodynamic effécts of intravenous dil- 
tiazem, only a few patients were studied, the diltiazem 
infusion rate varied and serum concentrations were not 
measured.1?.14 

The present investigation was performed to better 
define systemic and coronary hemodynamic effects of 
intravenous diltiazem in pee with angina. 
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peripheral vascular resistance decreased 16% (p 
<0.001) and stroke volume Index Increased 10 96 
(p <0.05). The pressure-rate product decreased 
15% (p «0.005), but coronary blood flow was . 
maintalned as coronary resistance decreased 14% 
(p <0. 025). Diltiazem increased regional coronary 
flow In some patients. Thus, intravenous diltiazem 
dilates coronary and systemlc resistance vessels, 
without an Increase In heart rate, favorably altering 
Indexes of myocardial oxygen supply and demand. 

(Am J Cardiol 1985;56:413-417) 


Methods 


. Patients: Eighteen patients with chronic stable effort an- 
gina (New York Heart Association class II or III), undergoing 
cardiac catheterization, were studied. Each patient underwent 
an exercise stress test, which evoked angina pectoris and 
electrocardiographic abnormalities indicative of transient 
ischemia (at least 1 mm of ST-segment depression). No pa- 
tient had evidénce of variant angina, other forms of heart 
disease, heart failure, or recent (within 3 months) myocardial 
infarction.. — 

Catheterization procedure: Patients were in a fasting, 
postabsorptive state, without premedication, when cathe- 
terization was performed. No patients were studied within 4 
hours of sublingual nitroglycerin adminstration. None had 
taken other antianginal agents for at least 48 hours before 


. Study. Right- and left-sided. cardiac catheterization were 


performed fram a right brachial cutdown. A catheter, modified 
for regional flow measurements by continuous thermodilution 
(Pepine-2, Wilton Webster Laboratories), was positioned in 
the coronary venous system.!516 Three electrocardiographic 
leads, selected from those showing ST-segment depression 
during stress testing, were monitored continuously. All stan- 
dard limb leads plus lead V5 were recorded during each study 
period. A Millar catheter was used to measure left ventricular 
(LV) pressure and LV dP/dt max. Systemic arterial pressure 
(AP) was measured from the left brachial artery through a No. 
18 Teflon® needle inserted percutaneously. Mean AP was 
measured by electronic filtration. Cardiac output was mea- 
sured by dye dilution. 

Experimental protocol: The study was divided into 2 
periods. After catheters were in position and heart rate and 
AP remained stable for approximately 5 minutes, control 
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period recordings were made. Recordings consisted of LV _ 


Clinical, Angiographic and Hemodynamic Data from Diltlazem Group 


TABLE | 


, (222 sSNZSSSPNER | 
ie l ci H E j pressure and AP, dP/dt, electrocardiogram, cardiac output, 
ae l and coronary venous and indicator temperatures. The latter 
SE Oo DFS Qi RF OGIDdGDF Bo were repeated 2 or 3 times. 
i MED 2 |- In 14 patients, intravenous diltiazem was then administered 
E as a bolus of 250 ug/kg, given over 3 minutes, and continugd 
 |lnl$99-z583 FBSA LO HO Q 3. as an infusion of 1.4 ug/kg/min. This regimen was based on 
oe MEE IE um MEE aL. g. preliminary experiments in normal subjects designed to 
a = | E 6 achieve a steady serum concentration of at least 100 ng/ml and . 
E| o [| SS93588 ;PSSESSTSS | es decrease in mean AP of approximately 10 mm Hg. Fifteen 
vro v furtum owe E minutes after initiation of diltiazem, diltiazem period re- 
FE cordings were made as described under control period and 
T QODOANTNrOWMTANAT oe venous blood (10 ml) was collected to determine the.serum 
CIR | rte Pc 2 Am c T diltiazem concentration.!? 
5 = bs E P. d AA eraser dics 
a Dr aboratories), supplied in vials containing. 50 mg of lyophyl- 
3 O P A r OLIO qe QOO t ized diltiazem and 75 mg of mannitol, was combined with 10 
H D fe ml of sterile water and diluted in an appropriate volume of 5% 
l3 dextrose in water. Because mannitol can induce hemodynamic 
"essaie cut! SENOSNSSZ * A changes,!® we studied 4 additional patients using the same 
H 18 Q protocol. In these patients, the same concentration of man- 
S 2 > nitol used for the diltiazem period was administered intra- 
S O Qi 9 QN «t 0) «t (Lio 10 *- ( «t ce venously without diltiazem. 
OO] rorKrrr rrr Nr eA rs e After recordings, selective coronary and LV angiography 
Ig were performed using standard techniques. Ejection fraction 
Ta was calculated using the area-length technique. Severe CAD 
g^? Qo unrODoDoMSLOSTOT' 2g was defined as 50% or more diameter narrowing of any of the 
a E B 3 major epicardial coronary arteries. 
= E ol gnartrtoonoowwoo | 5x $5 Measurements and ealculations. During each study pe- 
CP OHNE E- 3 riod, phasic and mean AP, LV end-diastolic pressure and 
| Q 5 I: heart rate were measured for at least 10 consecutive beats and 
- T DO D to t AND O Q tO tOo Ev ‘averaged. Coronary sinus and great cardiac vein flows were 
z ? o os9993959 eS LIE! E » E calculated.1516 Flow from the anterior LV region, supplied 
= © mostly by the left anterior descending artery, was taken as 
E O N & 9 2 S oo T - a $9 S $ n if ll " great cardiac vein flow. By subtracting this from coronary 
= ja 9 a sinus flow; an index of flow from the other myocardial region 
S| A/RSRSSSESRRRSRERG Sg was obtained and arbitrarily termed inferior regional flow.16.19 
ol = S A 25% increase or decrease in regional flow was considered 
CAE) o| S8SSRRSSSSRSRARO 257 significant. This value represents 2.5 times the maximal 
ad H 1 ag i variation in flow recorded in the same patients from 2 or 3 
lalis 6 QRONOnYRRt wears 3 5 8 repeat flow measurements made during the control period. 
5 Pee EPP Pere rrr ry 50S Among the 11 patients with severe CAD (patients 1 to 11, 
< E | S Ds Table I), 5 normally perfused regions (no stenosis of 5096 or 
El o | S8SS8SB28LS85Rnq | 1 ES more) and 14 potentially abnormal perfuséd regions (coronary 
posce ie esr gend ir arteries with 50% or more stenosis) were analyzed. 
E caede pu eui Jm Pressure-rate product was calculated as the product of 
upset mid ee qup. ulás : systolic AP and heart rate. Cardiac and stroke indexes were 
Ea | EE: z calculated as cardiac output/body surface area and cardiac 
$ ol RBXBSSSSLKSSSSRN | Bax output/heart rate/body surface area. Peripheral vascular re- 
2 +H E t S sistance was determined as the quotient of mean AP and 
n cardiac output X80. LV work index was determined as the 
78 8 LA Q Ex amt li g product of mean AP, cardiac index and 0.0136. Coronary re- 
oz|g|rr«rz«zirzzzzz 538 sistance was calculated as the quotient of mean AP and cor- 
S Ed onary sinus flow. 
>| 2a £g|98999099oogt cono 5 EE Statistical analysis: The 14 patients receiving diltiazem 
G = et and 4 patients receiving mannitol were grouped separately. 
5 olSggeggoogasosg ZI I Results for each group were summiarized using the mean + 
9 zp eek Om pue m eden standard deviation for each study period. Control and dilti- 
z 3 = a azem period data were compared by paired t test. Linear re- 
S q S*39^8?99?88?8 HE gression analysis was performed using the least squares 
3 i il Mcr method and correlation coefficients were calculated. Statis- 
x | 38 g g 3959882998 < gz tical significance was at the p <0.05 level. 
S i Results 
D ~ 
95b |BODOYOOOGOdO010*x004 rs Diltiazem and mannitol groups were very similar with 
9 H regard to age, hemodynamic findings and ejection 
&|-wefoorooorcaor By «52 fraction. CAD was present in all 4 patients in the mari- 
= S nitol group and 11 of 14 in the diltiazem group (Table 
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Effect of Intravenous Diltiazem on Regional Lett Ventricular Blood Flow In Four | 
Patients with One Normal and One Potentially. Abnormal Perfused Region . 


Patient 2 . Patlent 3 Patient 8 


TABLE i 
. Patlent 10 


mE CSF GCVF IWF CSF. GCVF .IWF CSF GCVF IWF CSF GCVF IWF 


i Control 142 42 100 112 . 77 35 170 118 4.52 162 106 56 
| - Diltiazem 175 47 128 117. ae = _192 EC 70 . 194 118 78 


b: 


All values are In milliliters per minute. : 


CSF = coronary sinus flow; GCVF = great cardiac vein om IWF = 


I). Diltazem group responses were analyzed with and 
without the 3 patients who did not have severe CAD and 
i results were unchanged. 'T'hus, all 14 patients were 
included to simplify presentation of results. : 
. |No patient had manifestations of myocardial ische- 
ia during either mannitol alone or diltiazem admin- 
a ration In the 4 patients given mannitol alone, there 
were no significant changes in any coronary or systemic 


hemodynamic values compared with control period. 


measurements. 


In the diltiazem group, 2 patients had a transient 


decrease (less than 30 seconds) in AP below 90 mm Hg 
(to 73 and 81 mm Hg) within 2 minutes after completing 
the bolus injection. Although both patients had severe 
CAD, they remained asymptomatic. No corrective 


measures were required. No other adverse effects were- 


noted. 


_ Diltiazem serum concentration achieved by the. 


ion: Fifteen minutes after initiation of diltiazem, 


the serum diltiazem concentration was 136 + 30 ng/ml . 
(rai ge 88 to 182). In only 1 patient was the concentra- 


tion less than 100 ng/ml. 

emodynamic effects of intravenous diltiazem 
(Table I): During diltiazem infusion, heart rate re- 
mained unchanged despite significant decreases in 


systolic, diastolic and mean AP (13, 10 and 11% re- 


m 
®© 


Hg). ———— 
® 
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ra 8 
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FIGURE: 1. Relation between change in systolic arterial pressure (SAP) 
Induced|by Intravenous diltiazem and the baseline control perlod 
pressure. The higher the blood pressure the greater the reduction 
produced by this dose of diltiazem, ee e 

| 


j 





Inferior reglonal flow. 


spectively, all p <0.01). As a result, pressure-rate 
product decreased from 11.1 + 1.9 to 9.4 + 2.0 mm 
Hg/min X 10? (15%, p <0.005). The AP reduction with 
diltiazem was closely related to the control AP (Fig. 1) 
(r = 0.81 p <0.001). Neither LV end-diastolic pressure 
nor LV dP/dt max changed significantly. Peripheral 
vascular resistance decreased from 1,151 + 212 to 966 
+ 218 dynes cm ^? (16%, «0.001), accompanied by a 
small increase in stroke index, from 54 + 16 to 59 + 15 


ml/m? (9%, p <0.05), but LV work index remained un- .: 


changed (5.6 + 1.8 to 5.4 + 1.8 kg-m/min/m?). 

Effects of intravenous diltiazem on coronary hemo- 
dynamic data are summarized in Tables I and II and 
Figure 2. Despite significant decreases in AP and 


pressure-rate product during diltiazem, both coronary . 


sinus and great cardiac vein flows were maintained as 
coronary resistance decreased from 0.80 + 0.15 to 0.69 
+ 0.23 mm Hg/ml/min (14%, p <0.025). In the patients 
with severe CAD (patients 1 to 11), flow remained un- 


changed in the 5 normally perfused regions (Fig. 2), but ` | 


increased in 6 and remained unchanged in 7 of 14 po- 
tentially abnormal perfused regions. A decrease in flow 
was observed in only 1 of the 14 potentially abnormal 
perfused regions. 

Table II is a summary of data from the 4 patients who 


| had both normally and potentially abnormally pom 


c . MH 


NUMBER OF MYOCARDIAL REGIONS 
a : 





NORMAL ABNORMAL 


FIGURE 2. Effect of intravenous diltiazem on changes In coronary ve- 
nous blood flow from 19 left ventricular regions. Regions were con- 
sidered normally perfused (left) when supplled by coronary arteries with 
no stenosis 250%. Perfusion to those regions supplied by coronary 
arteries with 25096 stenosis was considered potentially abnormal 
(right). Intravenous diltiazem produced no significant change (425 96) 
in venous flow from 5 of 5 normal regions. In the 14 potentially abnormal 


"regions, flow increased in 6 regions, was unchanged in 7 and decreased _ 
j vin 1 region - 


à 


i 
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myocardial regions in whom regional flow measure- 
: ments were obtained. In the 3 patients with normal or 

near-normal LV wall motion (patients 2, 8 and 10, T'able 
. D, an increase in flow in the abnormally perfused region 
was observed during diltiazem infusion. There was no 
significant change in either total or regional flow in 1 
patient (no. 3), who had posterobasal akinesia, total 


Tight coronary artery occlusion and 70% left circumflex 


` stenosis. 


Discussion 


Our results indicate that in patients with effort an- 
gina and ST-segment depression, intravenous diltiazem 
favorably alters indexes of myocardial oxygen supply 


- 'and demand. After 15 minutes of intravenous diltiazem, 


` AP decreased, cardiac output was maintained and heart 
, ràte, LV end-diastolic pressure and peak dP/dt did not 
' change. Coronary sinus flow was maintained through 
significant reduction in coronary resistance, despite the 
decrease in determinants of myocardial oxygen demand 
. reflected in the pressure-rate product. The latter find- 
: ings are in contrast to the increased coronary resistance 
.and decreased coronary flow seen after propranolol, and 
very similar to findings seen with the combination of 
` propranolol and nitroglycerin in patients with CAD.?4-26 
` The amount of mannitol in the diltiazem solution was 
"not sufficient to produce either systemic or coronary 
"hemodynamic changes. 
The effect of diltiazem on AP is likely related to 
- complex interaction between arteriolar vasodilation, as 
: suggested by the decrease in peripheral resistance and 
^. increase in stroke index. Despite the reduction in AP, 
- we found no reflex increase in heart rate. Our patients 
- were not receiving concomitant medication that blocked 
. reflex stimulation, nor did they have heart failure. 
: Àn increase in heart rate is the usual consequence of 
|` peripheral vasodilation, owing to diminished reflex in- 
. ‘hibition exerted by sinoaortic baroreceptors. Safar et 
_« al?? found that diltiazem (200 ug/kg bolus followed by 
.. 100-ug/kg infusion for 25 minutes) decreased AP in 11 
| ' hypertensive men. They speculated that diltiazem may 
: “alter baroreceptor responses, because heart rate did not 
increase. It is established, however, that baroreceptor 
* reflexes are “blunted” in hypertensive persons.?? Our 
patients were not known to have hypertension, yet no 
-increase in heart rate occurred as AP decreased. This 
. finding firmly establishes that diltiazem inhibits 
`. baroreceptor responses. Reflex stimulation to an in- 
_, crease heart rate could be offset by an action of dilti- 
..azem to directly depress sinoatrial node impulse for- 
: mation. Alternatively, lack of heart rate increase could 
' result from another autonomic nervous system action 
`- Qr a direct arterial effect. Baroreceptor function is in- 
. fluenced mostly by changes in arterial wall tension, and 
. diltiazem, in contrast to some other vasodilators, has no 
, effect on wall tension.” 


We observed that the initial AP was predictive of the ` 


` AP decrease induced by diltiazem, even though in most 
' patients AP was within the normal range. This finding 
. suggests that patients with a higher AP are more likely 
. to have a.greater AP-lowering response to diltiazem 
- than those with lower pressures. If intravenous dilti- 


azem is given E patients with CAD, this dins may dE 
important. | 

Our results are of interest with € to the effect 
of diltiazem on LV performance. Most calcium antag- 
onists have direct negative inotropic effects in vitro.”8 
In vivo, direct myocardial depressant effects are modt 
ified by afterload reduction and reflexly mediated in- 
creases in contractility owing to a decrease in AP. In this 
study, neither LV end-diastolic pressure or dP/dt 
changed significantly during diltiazem administration. ` 
LV pump function may have improved, as reflected by 
a small increase in stroke index without significant 
change in heart rate. Reflex changes in contractility, 
owing to peripheral vasodilation, afterload reduction 
or improved systolic function secondary to better per- 
fusion of marginally perfused myocardium, may be 
sufficient to counteract any direct negative inotropic 
effect. Thus, the net effect of diltiazem infusion, at the 
dose rate used in this study, was not to depress pump 
function. These observations, however, were made in 
patients with preserved LV function. 

Reports of hemodynamic effects of intravenous dil- 


tiazem have been limited to studies with small numbers 


of patients using varied infusion rates and are difficult 
to interpret. Bourassa et all? found minimal hemody- 
namic changes during a 10-minute diltiazem infusion 
given at a rate of 15 ug/kg/min. With 30 ug/kg/min, AP 
and systemic resistance decreased, while heart rate, LV _ 
end-diastolic pressure, cardiac index, coronary flow and 
resistance did not change. Bertrand et al!4 used an ini- 
tial infusion rate of 150 ug/kg for 2 minutes followed by 
50 ug/kg for 8 minutes. They observed a 9% decrease in 
mean AP associated with a significant decrease in heart 
rate. Only a small, transient early decrease in coronary 
resistance occurred, but after 10 minutes of infusion, 
coronary resistance was not significantly changed. The 
decrease in AP observed in our study was similar to that 
suggested by Bourassa et al,!? but considerably greater 
than that reported by Bertrand et al.14 This may be 
related to the lower dose used, lack of a bolus, a shorter 
period of administration or concomitant medications, 
or a combination of these factors. 

Our data relative to regional coronary venous flow are 
preliminary, but similar to findings in animal models 
in which diltiazem favorably altered LV flow distribu- 
tion.9 Regional coronary flow measurements suggested 
that intravenous diltiazem significantly increased flow 
in potentially ischemic regions. 

Favorable hemodynamic effects of intravenous dil- 
tiazem may be important in treatment of hospitalized 
patients who have manifestations of myocardial ische- 
mia. Intravenous diltiazem can rapidly reduce systemic 
resistance and decrease determinants of myocardial 
oxygen demand without reducing coronary flow. 
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s l | Correlation of the Exercise ST/HR Slope with Anatomic. 


and Radionuclide Cineangiographic Findings 
in Stable Angina Pectoris 


PAUL KLIGFIELD, MD, PETER M. OKIN, MD, OLIVIER AMEISEN, MD, 
JAMES WALLIS, MD, and JEFFREY S. BORER, MD 


A rate-related change In ST-segment depression 


with exercise (ST/HR slope) of 6.0 uV/beat/min or 


. more has been proposed as an accurate predictor 


., Of 3-vessel coronary artery disease (CAD). To fur- 
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ther assess the accuracy and functional correlates 
of this method, exercise electrocardiograms were 
compared with radionuclide rest and exercise left 
ventricular (LV) ejection fraction (EF) and anglog- 
raphy in 35 patients with stable angina. The ST/HR 
slope was significantly Increased In patients with 
3-vessel CAD. An ST/HR slope of 6.0 or more 
identified 3-vessel CAD with a sensitivity of 89% 


and specificity of 88%. The predictive value for 


3-vessel CAD was 73% owing to the presence of 3 
false-positive slopes. The patients from whom these 
slopes were derived had functionally severe 2- 


* Evaluation of the exercise electrocardiogram by linear 


regression analysis of the rate-related change in ST- 
segment depression (the ST/HR slope) has been re- 


‘ported to accurately separate patients according to the 
' anatomic extent of coronary artery disease (CAD).!? 


"^ However, both the theoretical basist and clinical ap- 


plicability?9 of this new technique have been chal- 


m lenged. We previously found that a modified version of 


this method using treadmill exercise electrocardiogra- 
phy can predict the presence or absence of 3-vessel CAD 


"jin patients with stable angina more accurately than 


previously possible." However, we also observed false- 
positive and false-negative test responses, which require 


.. further evaluation. 
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vessel CAD, with an average decrease in exercise 
LVEF of 13%. Two of these 3 had additional left 
main CAD and the third has unsuspected additional 
aortic regurgitation. For the entire group, the exer- 
cise ST/HR slope was linearly related to the exer- 
cise change In LVEF (r = —0.55, p <0.001). Mean 
exercise change In LVEF for stable angina patients 
with ST/HR slopes of 4.5 or more was significantly - 
different from that for patients with lower ST/HR 
slopes (—12 + 1% vs +2 + 2%, p <0.0001). Thus, 
the ST/HR slope is both sensitive and specific for 
the identification of 3-vessel CAD, and high 
ST/HR slopes in patients with less extensive ana- 
tomic disease may predict functionally severe 
ischemla. 

(Am J Cardiol 1985;56:418-421) | 


An important criticism of the ST/HR slope is that 
functional variability of coronary anatomy and collat- . 
eral supply should make perfect separation of the ana- 
tomic extent of coronary disease unlikely.* Therefore, 
we compared the exercise ST/HR slope with exercise- 
related changes in left ventricular (LV) ejection fraction 
(EF) determined by radionuclide cineangiography? to 
provide insight into the functional significance of the 
ST/HR slope and possible sources of test error in the 
evaluation of CAD. 


Methods 


Patients: The study population consisted of 35 patients 
with stable angina, without recent myocardial infarction, who 
had technically adequate electrocardiographic data for re- 
trospective ST/HR slope calculation according to our modified 
method.” There were 30 men and 5 women, aged 33 to 69 years 
(mean 52). Exercise electrocardiography, radionuclide cine- 
angiography and coronary arteriography were performed 
within a mean of 12 + 2 weeks. 

The 35 patients were drawn from a larger population of 100 
consecutive patients with available electrocardiographic, . 
cineangiographic and arteriographic data. Of the 65 patients 
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excluded from analysis, 42 had too few data points on the 
routine exercise electrocardiogram to allow for accurate linear 
regression calculation. Another 15 patients were excluded 
because of recent myocardial infarction, which may inde- 
pendently affect the ST/HR slope. Four other patients were 
excluded because of coronary surgery between studies; 3 were 
excluded because of artifact on the exercise electrocardiogram; 
and 1 patient was excluded because of anomalous coronary 
‘anatomy. 

Coronary angiography: Selective coronary cineangiog- 
raphy was performed using the Judkins technique, with each 
artery imaged in multiple views in all patients. Significant 
disease was defined as at least 75% narrowing of vessel luminal 
diameter, with left main luminal narrowing of at least 50% 
scored as the equivalent of 2-vessel CAD, in accord with the 
Leeds method.1? Angiograms were also scored on the basis of 
50% luminal narrowing in any artery. 

Among our 35 patients, based on 75% luminal narrowing 
criteria, 15 patients had no significant CAD, 2 had 1-vessel 
CAD, 9 had 2-vessel CAD, including 2 with additional left 
main disease, and 9 had 3-vessel CAD. One patient with 3- 
vessel CAD had additional left main CAD. Five of the patients 
with no significant CAD by 75% luminal obstruction criteria 
had at least 50% reductions of major vessels: 3 had more than 
5096 stenosis of 1 vessel and 2 had more than 5096 stenosis of 
2 vessels. At the time of exercise testing, 3396 (3 of 9) of the 
patients with 3-vessel CAD and 3896 (10 of 26) of the patients 
with less than 3-vessel CAD were taking 6-blocking drugs. 
Previous work by Kardash et al? confirmed in our laboratory,’ 
has shown the predictive validity of the calculated ST/HR 
slope in the presence of 8 blockade. Only 1 patient was taking 
digitalis. 

Exercise electrocardiography: Exercise electrocardi- 
ography was performed on a treadmill using standard or 
modified Bruce protocols.” The magnitude of ST-segment 
depression, to the nearest 25 uV, was determined at each 
available heart rate by measuring ST-segment displacement 
below the end of the PR segment at a point 70 ms after the J 
point in leads aVF, Vs and Vg. The rate-related change in 
ST-segment depression (the ST/HR slope, in uL V/beat/min) 
was then calculated according to previously reported tech- 
nique,” using linear regression analysis, which relates ST- 
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Anatomic extent of coronary disease 


FIGURE 1. Relatlon of ST/HR slope to extent of coronary disease in 
patients with clinically stable angina pectoris. The number of diseased 
vessels. was determined using obstruction of at least 7596 cross-sec- 
tional area as a criterion, as described In the text. The line at 6.0 
pN/beat/min represents the partition criterion for recognition of 3- 
vessel disease (3V). OV = no vessel diseased; 1—2V = 1 or 2 vessels 
diseased. 


segment depression as the dependent variable to heart rate 
as the independent variable. For each patient the highest 
calculated ST/HR slope from among the 3 leads analyzed was 
selected as the test result. 

The electrocardiographic response to exercise was further 
classified as type 1 (20.1 mV horizontal or downsloping ST 
depression) or type 2 (20.1 mV upsloping ST depression) 
according to the method of Goldschlager et al.9 

Radionuclide cineangiography: Radionuclide cinean- 
giograms were obtained with the patient in the supine position 
and the radiation detector oriented in the left anterior oblique 
position, at rest and at the end of symptom-limited supine 
bicycle exercise by a method similar to that previously 
reported.? 

Data analysis: The sensitivity, specificity, overall test ac- 
curacy and positive predictive value of test criteria for 3-vessel 
CAD were calculated according to standard definitions.!? 
Means are presented with the standard error as the index of 
dispersion. Comparison of group mean values between subsets 
of patients was determined by a Student t test for unpaired 
samples. The relation of radionuclide EF measurements 
to the ST/HR slope was evaluated by linear regression 
analysis. 


Results 


ST/HR slope and anatomic extent of disease: The 
maximal rate-related change in S'T-segment depression 
with exercise (maximal ST/HR slope) relative to the 
anatomic extent of CAD by 75% luminal obstruction 
criteria in 35 patients who had undergone catheteriza- 
tion is shown in Figure 1. T'he maximal ST/HR slope 
was 1.5 + 0.4 uV/beat/min (range 0 to 5.3) in patients 
with no significant CAD, 2.9 + 0.3 (range 2.6 to 3.2) in 
patients with 1-vessel CAD, 5.0 + 1.5 (range 0 to 12.8) 
in patients with 2-vessel disease, and 9.6 + 1.7 (range 
3.2 to 18.3) in patients with 3-vessel CAD. The mean 
ST/HR slope in patients with 3-vessel CAD was sig- 
nificantly higher than that in patients with less than 
3-vessel CAD (p «0.05). Use of a maximal ST/HR slope 
of 6.0 uV/beat/min as a threshold test criterion for the 
recognition of 3-vessel CAD" had a sensitivity of 89%, 
specificity of 88%, positive predictive value of 7396 and 
overall test accuracy of 89%. 

Using the 5096 luminal obstruction criterion, 14 pa- 
tients with 3-vessel CAD had a mean ST/HR slope of 
7.6 + 1.3. Based on 50% luminal obstruction, a test 
threshold of 6.0 uV/beat/min for the identification of 
3-vessel CAD had reduced test sensitivity of 64% and 
reduced overall test accuracy of 80%. However, com- 
pared with CAD extent defined by 75% luminal ob- 
struction, test specificity increased to 90% and positive 
predictive value increased to 82%. 

Standard exercise electrocardiographic criteria: 
Standard evaluation of the exercise electrocardiogram 
revealed a type 1 response in 20 patients (57%), a type 
2 response in 6 patients (17%) and a negative test re- 
sponse in 9 patients (26%). A type 1 response as a posi- 
tive test criterion for the recognition of 3-vessel CAD 
by 7596 luminal obstruction criteria in this population 
had a sensitivity of 8996, but a specificity of only 5496, 
predictive value of only 40% and overall test accuracy 
of 66%. Patients with 3-vessel CAD had more ST-seg- 
ment depression than those with no, 1- or 2-vessel CAD 
combined (225 + 36 vs 122 + 18 uV, p «0.01), a smaller 
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change in heart rate with exercise (44 + 5 vs 71 +4 
beats/min, p <0.01), a lower peak heart rate (117 + 9 vs 
142 + 4 beats/min, p «0.01), and a greater exercise de- 
crease in LVEF (—9.0 + 2% vs —2.0 + 2%, p «0.05). 
|». '(TheST/HR slope and exercise change in ejection 
. fraction: The relation of the calculated ST/HR slope 
. to the exercise-related change in LVEF determined by 
. radionuclide cineangiography is shown in Figure 2. 
Linear correlation is statistically significant (r = —0.55, 
» p <0.001), with higher ST/HR slope associated with a 
greater exercise-related decrease in LVEF. À weak but 
significant linear correlation was found between exercise 
- LVEF alone and the ST/HR slope (r = —0.47, p <0.01). 
However, the ST/HR slope did not correlate with LVEF 
at rest (r = —0.06, relationship not significant). 
^AnST/HR slope of 4.5 1 V/beat/min or more identi- 
- fied a subset of patients with stable angina and impor- 
tant exercise-related LV dysfunction (Fig. 3). The mean 
exercise change in EF in these 14 patients was —12 + 
195. In contrast, the mean exercise change in EF in the 
/21 patients with ST/HR slopes of less than 4. 5 
aV /beat/min was +2 + 2% (p «0.0001). 
False-positive and false-negative ST/HR re- 
sponses: Three patients with ST/HR slopes exceeding 
. 6.0 uV/beat/min did not have 3-vessel CAD by 75% lu- 
minal obstruction criteria. Each of these 3 patients had 
.2-vessel CAD with at normal LVEF at rest, but with 
: exercise had an average decrease in LVEF of 13% (range 
^7 to 17%). Two had left main CAD in addition to sig- 
` nificant obstruction in 2 vessels. The third, with a 7% 
decrease in exercise EF, was found to have moderate 
unsuspected aortic regurgitation in addition to 2-vessel 
CAD. 
One patient with 3-vessel CAD by 75% luminal ob- 

- struction criteria had an ST/HR slope of less than 6.0 
uV/beat/min. This patient had only a 2% decrease in 
- exercise EF, suggesting that the functional extent of 
ischemia was mild. An additional 11 patients with 
- ST/HR slopes of less than 6.0 4 V/béat/min had exer- 
"cise-related decreases in LVEF in the abserice of 3- 
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FIGURE 2. Relation of the ST/HR slope to exercise-related change In 
left ventricular ejection fraction (LVEF) and extent of coronary artery 
. disease (CAD). Partition at 6.0 1, V/beat/mln represents the threshold 
for Identification of 3-vessel disease. False-positive responses are 
associated with functionally severe disease as determined by radlo- 
nuclide iri 


vessel CAD. Each of 3 patients in this subgroup whose 
exercise EF decreased more than 7% had an ST/HR 


slope greater than 4.5 un V/beat/min (Fig. 2). 


Discussion 


Anatomic correlation: 'The results of this study: 


confirm previous work from Leeds University! and 
from our laboratory’ that showed that the ST/HR slope, 
a heart rate-normalized measure of exercise-induced 
ST-segment depression, accurately identifies patients 


with and without 3- vessel CAD in the stable angina: 


population. 

However, as predicted by Fox* and observed by 
Quyyumi et al false-positive and false-negative ST/HR 
slope responses for the identification of 3-vessel CAD 
also occurred in the present study. Recent evaluation 
of the ST/HR slope by Balcon et al® also revealed fre- 


. quent test error compared with angiographic severity 


of disease, but their study included many patients after 
infarction and only 2 patients with 3-vessel CAD. These 
findings differ from the nearly perfect test accuracy 
reported by Elamin, Kardash and their co-workers.-? 

Our current observations suggest that discrepancies 
among reported results may be explained in part by the 
relation of the ST/HR slope to factors other than the 
number of obstructed coronary arteries. First, the 
magnitude of luminal coronary obstruction used to 
define the anatomic extent of disease affects the relation 
between angiographic findings and the ST/HR slope. 
Further, the effect of volume loading on the ST/HR 
slope!! may partially explain the disproportionately 
high test finding in our patient with aortic regurgitation 
in addition to 2-vessel CAD. 

Functional correlation: A major criticism of the 
ST/HR slope is that variability in the functional sig- 
nificance of obstructive CAD makes perfect prediction 
of the anatomic extent of disease by the rate-related 
change in ST-segment depression unlikely.*® Variable 
collateral supply, variable differential transmural per- 
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fusion, and variable loading conditions!?-14 should limit 
precise correlation of the ST/HR slope with the number 
of obstructed coronary vessels, even if the additional 
effect of variable extent of luminal obstruction in dis- 
eased vessels were not considered.!919 In effect, as 
shown by risk stratification studies in stable angina,1748 
patients with comparable extramural coronary ob- 
struction can have markedly different functional con- 
sequences of ischemic disease. 

Each of our 3 patients with ST/HR slopes exceeding 
6.0 uV/beat/min who did not have 3-vessel CAD had 
functionally severe disease by radionuclide cineangi- 
ography. Further, all patients with functionally severe 
igchemia, regardless of the underlying anatomic dis- 

tribution of disease, hàd ST/HR slopes exceeding 4.5 

V/beat/min. 

' The extent of exercise-related decrease in radionu- 
clide cineangiographic LVEF reflects the consequence 
of ischemia on LV performance,!9 and exercise-in- 
duced changes in EF can stratify patients at higher risk 
of proximal 3-vessel or left main CAD.*! In addition, 
recent work from our laboratory has suggested that 
independent of coronary anatomy, LVEF at rest and the 
magnitude of exercise-induced decrease in EF can also 
predict morbidity and mortality in ischemic disease.?? 
Thus, irrespective of the number of obstructed coronary 
vessels, patients with high exercise ST/HR slopes as a 
result of CAD appear to have functionally extensive 
ischemia. 

Clinical implications: The ST/HR slope appears to 
be a clinically useful index of the functional extent of 
myocardial ischemia, related to but not totally depen- 
dent on the anatomic extent of CAD. High exercise- 
related ST/HR slopes may also identify patients with 
CAD who are at increased risk for morbidity and 
mortality, but this hypothesis requires prospective 
evaluation. 
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[ Left Ventricular Thrombi Diagnosed by Echocardiography 
f _in Patients with Acute Myocardial Infarction == 

Treated with Intracoronary Streptokinase — . - m 
Followed by Intravenous Heparin | | 


. BIMLENDRA SHARMA, MD, ARNALDO CARVALHO, MD, RICHARD WYETH, MA, 
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- Thirty patients wih acute myocardial Infarction 
: (AMI) treated with intracoronary streptokinase (7 
X 10° + 3 X 10° IU) followed by 10 days of intra- 


'venous heparin (800 to 1,500 IU/hour) therapy were ` 


prospectively studied by serial 2-dimensional 
echocardiography for left ventricular (LV) thrombus. 
. Within the first 24 hours, evidence of a thrombolytic 
state appeared as Indicated by fibrin and fibrinogen 
; degradation products (123 + 45 mg/dl at 24 hours). 
Throughout the course of this. study partial throm- 
‘ boplastin times were maintained within therapeutic 
range (40 to 100 seconds). Apical LV thrombus 
. developed In 8 of 30 patlents (27%). Apical 


. With the advent of 2-dimensional (2-D) echocardiog- 
. raphy, detection of left ventricular (LV) thrombus has 
. become a clinical reality. Serial 2-D echocardiography 
has reliably documented a nearly 2096 incidence of 
thrombus after uncomplicated. acute myocardial in- 


"farction (AMTI).!2 Management of AMI now includes, 


"therapeutic intervention using intracoronary strep- 
Xokinase followed by intravenous heparin. The inci- 
- dence of LV thrombus in this interventional setting of 
` AMI is not known. Using contrast ventriculography 
" followed by serial 2-D echocardiography, we prospec- 
. tively studied the incidence of LV thrombus in a con- 
' ‘secutive, nonrandomized group of AMI patients treated 


with intracoronary streptokinase followed by.10 days 


of intravenous heparin therapy. 
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thrombus developed within 24 hours in 3 patients 
with anterior AMI and persisted through day 10. By 
day 10, apical thrombus developed in 3 additional 
patients with anterior AMI and 2 patients with Inferior 
AMI. In these patients, anterlor AMI and apical 
dysfunction were significant (p «0.01 for both) . 
determinants of LV thrombus formation. Hence, 
the incidence of LV thrombus In patients treated. 
with streptokinase/heparln is similar to that report- 

ed earller in comparable patients not recelving 


| nrempetyie therapy. 


(Am J Cardiol 1985; 56:422-425) 


Methods 


Forty- five consecutive patients were studied; 30 met the 
entry criteria for this protocol. None of these 30 patients re- 
quired cardioversion or cardiopulmonary resuscitation or had 
evidence of reclosure of the infarct-related vessel if it was 
initially recanalized with intracoronary streptokinase. Diag- 
nosis and entry criteria were as follows: (1) chest pain unre- > 
lieved by nitroglycerin and typical'of AMI for 8 hours or less 
before streptokinase therapy was instituted; (2) ST-segment 
elevation of 0.1 mV or more with reciprocal changes in the ST 
segment in opposite leads; (3) serial total creatine kinase levels 
typical of an AMI; (4) no contraindications for thrombolytic 
therapy; (5) abeence of congestive heart failure; and (6) the 


patient gave informed consent and the referring physician 


approved. 
. Left ventriculography followed by selective coronary an- 
giography was performed through a femoral artery by stan- 


-~ dard percutaneous technique. The infarct-related coronary ` 


artery was identified on selective coronary angiography of 
right and left coronary arteries. Intracoronary nitroglycerin 
was given to rule out spasm. Intracoronary streptokinase was 
infused at a rate of 10,000 TU/min and selective coronary an- 
giography was repeated every 10 minutes during streptokinase 


.. infusion. Streptokinase infusion was continued until adequate 
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recanalization of the infarct vessel was, achieved ota ue 
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Patient Profile end Results, 


Success/failure 


significant. 


Data on heparin = are averaged for 10 days of therapy. 


ee dose of 750,000 IU was reached. After EE ` 
treatment, left ventriculography was performed, followed : 


by a standard 12-lead electrocardiogram. 

patients received an intravenous infusion of heparin: 
within 2 to 4 hours after streptokinase therapy. The dose of 
heparin was adjusted between 800 and 1,500 IU/hour to 
máintain a partial thromboplastin time within therapeutic 
rahge (40 to 100 seconds). Heparin therapy was continuous 


for 10 days. Serial blood samples were drawn for cardiac | 


e e analysis and serial 12-lead electrocardiograms were. 


" . recorded. 
patients had a left ventriculogram within 8 hours (mean ' 

4,5 x: 1.8 hours, range 1.2 to 8.0) of the onset of chest pain. 
o-dimensional echocardiography was performed within _ 


24 hours and at 10 days after AML 


atients were studied according to described techniques, 


with care taken to avoid false-positive diagnosis of LV 
| thrombus. * Agreement of 2 independent observers who were 
unaware of each other's interpretations was required before 
an examination was considered diagnostic of LV thrombus. 


Echocardiographic wall motion characteristics were defined — 


rding to the method of Asinger et al.!4 Twelve-lead: 
electrocardiograms were recorded on admission, before and 
aftér infusion of streptokinase, and daily for 3 days. 


The total creatine kinase level was determined on admission ` 


and every 12 hours for 3 days after admission. Sample values 


| 
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. FIGURE 1. The chronologic development of left ventricular throm- 


bus ir) anterior and Inferior myocardial Infarctlon. LVT+ = positive for. 


left entricular ONORS dis = ae for. left ventricular. 
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The p values are determined using a 2-eample Student t test or chi-square (*) analysis. NS = not 


| TABLE l ou + EC 
Od | f . Left Ventricular Thrombus ; 
| Total Patient 
| Varlables . Positive: ^... p Values " Negative. ‘Population 
i Age (yr) BB 12 (NS? | . 5849. 58 +9 
Sex (M/F) 8/0 .NS* | 17/5 25/5 
| Duration of chest | 3.7 + 2.0 . NS. ^ 4.8447 45 1.8 
' pain (hours) ; SE 
| Duration of streptokinase 0.6+0.2 "NS 0.7 X 0.1 0.7 + 0.2 
infusion (hours) ; Rx 
| Wr rr EE 7+3 NS ` 123 73:98 
(X 108 IU) ST BE = 
: Heparin (IU/hour) 1,163 + 245 ` NS .: 1,1177 +281 -  1,1734d:275 
| Creatine kinase (IU) . 2,853 + 1,011 NS 3,176 + 1,236 3,116 + 1,167 
' Apical dysfunction 8 (100%) <0.01* 8 (36%) 16 (53%) 
. Recanalization 4/4 l NS > 13/9 17/30 


greater than 200 IU total creatine kinase were considered di- 
agnostic of AMI. 

‘The fibrinogen level was estimated using the method of 
Hougie.®: Fibrin and fibrinogen degradation products were 
determined using the technique of Wilson and Thornton.® 
Partial thromboplastin times were determined using the 


method of Hougie.’ 


Left ventriculography and selective coronary angiography 
were performed on admission and after 10 days. The presence 


. of a filling defect was sought in order to make angiographic 


diagnosis of LV thrombus. Quantitative analysis of the wall 
motion on the ventriculogram was performed according to the 
méthod of Sharma et al.8 LV ejection fraction was calculated 
using the area-length method of Sandler and Dodge.? 

Analysis of variance and a Student ¢ test for unpaired. data 
were used to compare and test significance of data from pa- 
tients with and those without thrombus; chi-square analysis 
was used to test comparisons of proportions. All values 
are reported as the mean + standard deviation, when 
applicable. 


CIC Results 

-perili are shown in Table I and Figures 1 ‘and 2. 
Echocardiograms recorded within 24 hours of AMI 
showed LV thrombus in 10% of patients. At 10 days, LV 
thrombus was present in an additional 1796, yielding a 
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total incidence 27% (Fig. 1). At 24 hours and at 10 days, ` 


the incidence of LV thrombus formation was not sig- 
nificantly different. Patients who had LV thrombus at 
24 hours were also found to have LV thrombus 10 days 
after AMI. All thrombi were detected at the LV apex. 
No patient with or without LV thrombus had clinical 
signs of systemic embolization. - 

Left ventricular thrombus vs left ventricular 


' function: LV global ejection fractions for patients who 


did and those who did not have thrombus were not 


: significantly. different from each other either before 


(48 + 18 vs 53 + 15%) or after streptokinase infusion (47 


+ 10 vs 52 + 18%), or 10 days after heparin infusion (49 


+ 17 vs 47 +: 17%). Analysis of regional function found ` 


16 of the 30 patients with left ventriculographic evi- 
dence of apical dysfunction, confirmed at 24 hours and 
10 days by 2-D echocardiography. Of these.16 patients, 
LV thrombus developed in 3 with anterior AMI within 


H hours of deren streptokinase. therapy. In 5* 


i 


“424° LEFT VENTRICULAR’ THROMBI AFTER THRONBOLYTIC THERAPY ~”. 


thet patients, 3 with re and 2 with inférior AMI, 
LV thrombus developed by day 10 of intravenous hep- 
. arin therapy (Fig. 1). In no patient without apical dys- 
' function did LV thrombus develop. 
^ Selective coronary angiography: The coronary 


-angiogram recorded before streptokinase infusion , 
 . showed that the infarct-related vessel of all patients 


‘with anterior AMI had total left anterior descending 
- -artery occlusion and all patients with inferior AMI had 
- total right coronary artery occlusion. Two patients with 
.. inferior AMI and with LV thrombi had right dominant 
coronary circulation involving the apex. The left cir- 
cumflex artery was small and nondominant in these 
-* patients. In all 8 patients in whom LV thrombus de- 
veloped, the incidence was equally divided between 
' those who successfully or unsuccessfully recanalized. 
~- Chi-square analysis showed no significant difference in 
_ the proportion of patients with or without LV thrombus 
'" in 1-vessel (3 vs 7), 2-vessel (2 vs 6) or 3-vessel (3 vs 9) 


-. disease. 


- - Streptokinase therapy followed by 10-day in- 


;travenous heparin therapy: Before intracoronary 
-. streptokinase therapy, the fibrinogen concentration was 


^ 833 + 50 mg/dl (normal values 170 to 410 mg/dl). The 
- fibrinogen level obtained immediately after streptoki- 
nase therapy and 24 hours later were 43 + 21 mg/dl and 
:123 + 45 mg/dl, respectively. Fibrin and fibrinogen 
, degradation products immediately after streptokinase 


infusion were 121 + 229 ug/ml, and 24 hours after- : 


. ‘streptokinase infusion 50 + 20 ug/ml (normal less than 
` .10 ug/ml). Partial thromboplastin times reached the 
+ therapeutic range (40 to 100 seconds) immediately after 


PARTIAL THROMBOPLASTIN TIME (Sec) 


Pre SK Post SK Day 1 Day 2 Day 3 Day 4 


LEFT VENTRICULAR 
THROMBUS POSITIVE 


LEFT VENTRICULAR pu. 
THROMBUS NEGATIVE 





the conclusion of intracoronary streptokinase infusion 


and remained within this range for 10 days. Analysis of  . 


variance indicated that at no time did the partial . 
thromboplastin time of patients in whom LV thrombus 


developed become significantly lower than that i in pt- 


tients in whom it did not (Fig. 2). 


Discussion 


This study confirms that patients with apical dys- 
function associated with anterior AMI are at risk for LV 


thrombus formation!) it indicates additionally that 


patients with inferior AMI and apical dysfunction are 
at jeopardy, a new finding. This study also shows that 
coronary angiographic findings do not predict thrombus 
formation. 

' This study, although uncontrolled, indicates that 
intracoronary streptokinase therapy followed by hep- 


arin, while producing an initial lytic effect followed by 


an anticoagulated state, does not seem to influence the 
Nr incidence of LV thrombus formation in 
AMI. 

Eigler et ali? showed a significant reduction in the 
frequency of LV thrombus formation when patients 
with AMI 3 hours or less in duration are treated with 
intravenous streptokinase followed by intravenous 
heparin, while our study suggests that with a slightly 
longer duration of chest pain (3.7 + 2.0 hours), such a 
reduction in LV thrombus formation despite similar 
streptokinase and heparin dosages may not be possible. 
Thus, it may be of benefit to institute an agressive an- 


-ticoagulation regimen early on. Solandt et al!! showed 


that heparin administration before endocardial damage 


L— 3ONVHu OILNAdVYSHL -— 


Day7 Day8 Dey9 


Dey-5 Day 6 


TREATMENT PERIOD 


l TIGURE 2. Pert troop tos n patot wth and hoso vito verior ront shows Derapate st in partal Pronto 
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prevents mural thrombus formation even with subse- 
quent endocardial damage. It may be that within a 


relatively short duration of symptoms, a narrow window 


exists where most patients have not yet sustained sig- 
nificant endocardial damage. In such a situs, aggressive 
heparin therapy may significantly reduce the incidence 


of LV thrombus. The temporal relation between the 


duration of infarction and effect of thrombolytic ther- 
apy on LV thrombus requires further well controlled, 
randomized study. 

Streptokinase activity is specifically directed against 
fibrin and fibrinogen through plasmin activation, 
whereas heparin's major activity is the inhibition of a 
serine protease zymogen cascade.!? Streptokinase dis- 
solves thrombus, but its effect on LV thrombus was not 
tested i in the present study. However, arterial thrombi 
are initiated by platelet activation and may be unaf- 
fected by soluble clotting factors.1?1? In AMI, platelets 
are hyperactive and remain so for at least 10 days.!* 
Furthermore, experimental and autopsy studies!9.!6 
indicate that both nascent and established LV thrombi 
are composed principally of platelets. Thus, one may 
suggest that the use of potent antiplatelet agents, alone 
or in combination with agents that affect fibrin degra- 
dation and its generation in AMI, may reduce the inci- 
dence of LV thrombus either early or late. 
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| : , Determination of the Optimal Timing for Performing Digital - 





To detemine the optimal time for recording left 
ventricular anglograms during atrlal pacing stress 
P tests, digital subtraction left ventriculograms were 


. tlents at rest and at peak pacing. Nineteen of the 40 
pede had a third digital left ventriculogram per- 
e formed between 5 and 10 seconds and 21 patients 
*. had a third digital left ventriculogram performed 30 
,. seconds after pacing was stopped. Coronary angi- 


." (CAD) In 29 patients and no evidence of significant 
- CAD In 11 patients. Ejection fraction (EF) increased 
E _or.did not change at peak pacing in 10 of 11 patients 
^. without CAD. In the 29 patients with CAD, mean EF 
" decreased an average of 10 percentage points (p 
- <0.001) and fell 2 or more percentage points In 25 


y ; Atrial pacing may induce myocardial ischemia, which, 
` in turn, may produce a decrease in left ventricular (LV) 
ejection fraction (EF) and: the development of wall 

i ; motion abnormalities in patients with coronary artery 

P * disease (CAD).!-* These pacing intervention studies are 
“useful as an adjunct to coronary angiography because 

^they yield important information about the functional 
, Significance of existing CAD.* The duration of ischemia 
? induced by pacing is not well defined. The hypothesis 


: LVEF and wall motion occurs at the peak heart rate, 
although preload and afterload at the peak heart rate 


thes, a? 
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. obtained using 12 mi of contrast materlal in 40 pa- . 


: ography showed significant coronary artery disease 


. patients (8696) at peak pacing. These changes in . 
- EF were accompanied by the development of wall 


i for this study is that the optimal time for assessing | 
: gre eee different from those at rest. Digital ` 


“ences, , University of Callfornia, irvine, irvine, Caillfornta. This study was 
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motion abnormalities, which occurred in segments l 


of myocardium that were supplied by coronary ar- . 


teries with angiographic CAD (more than 5096 dl- - 


. ameter narrowing). In contrast, the mean EF during 


the postpacing studies decreased only 2.2 per- ` 
centage points (difference not significant) over rest 
values. Moreover, 15 of 29 patients (5296) with CAD 
had a decrease in EF of 2 or more percentage 
points. Therefore, the sensitivity of the atrlal pacing 
stress test was diminished when the analysis was 


performed at 10 or 30 seconds after pacing. It Is 


concluded that EF changes and wall motion ab- 
normalitles induced by atrial pacing are of short 
duration. As a result, the optimal time for performing 
left ventricular analysts of EF and wall motion M 
atrial pacing is apparently at the peak heart rate and 
not 10 to 30 seconds after pacing Is stopped. - 


(Am J Cardiol 1985;56: pn P 





subtraction angiography provides an opportunity to. 
record left ventriculograms during stress interventions - 
because the volunies of contrast material used are so low . 


that they do not.significantly affect the baseline he- 


modynamic state.9 In the present study, low-dose (12 


. ml) digital left ventriculography was used to assess the 


optimal timing for performing an analysis ofLV volume, 


: EF and wall motion during atrial pacing stress tests in 


patients. with CAD. : 
Methods 
Digital angiographic technique: Digital ‘angiography was 


oat 


. performed using the method of mask mode subtraction. A 


detailed description of our imaging system has been presented 


previously. 39 Digital angiograms were acquired using fluo- 
roscopic images that were digitized at 30 frames/s intoa 512 : 
X 512 X 8-bit matrix. Every picture element in the iniage 
matrix was assigned a number corresponding to one of 256 


shades of gray. This process.of computerized mask mode , - 


" gubstraction enhances the visualization of iodinated contrast 


material approximately 3 to 4 times relative to the level of ` 


-` contrast material required to visualize the left ventricle with | 


"gag - 


P 


" 
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cine film-based systems.!9!! After mask mode subtraction 


processing, the images were reconverted to analog format for 
storage on ?4-inch videotape (Sony U-matic #5800 
recorder). 

Patients: Forty patients participated in this study. Patients 
were studied because of chest pain syndromes that were re- 
fractory to medical treatment, because they had an exercise 
stress test suggesting significant CAD, or because the referring 
physician wanted to know the coronary anatomy for purposes 
of clinical decisions. One patient without CAD was studied 
because of recurrent ventricular tachycardia without a history 
of chest pain. Twenty-nine of the 40 patients had angiographic 
evidence of significant CAD. This group included 19 men and 
10 women, mean age age 53.4 years (range 38 to 65). Eleven 
of the 40 patients had normal coronary angiographic findings. 
This group included 3 men and 8 women, mean age 56.6 years 
(range 36 to 79). There was no significant difference in the 
mean age between the groups with or without CAD. 

Clinical protocol: Patients undergoing left ventriculog- 
raphy during routine cardiac catheterization for clinically 
indicated reasons were asked to participate in this study. 
Patients with left main CAD and those with unstable angina 
were excluded. Also excluded were patients with primary 
valvular heart disease or cardiomyopathy. Drugs such as 
long-acting nitrates and -adrenergic antagonists were 
withheld for 24 hours before the study. Selective coronary 
angiograms were recorded in standard and caudal or cranial 
projections. At least 2 of these projections were orthogonal. 
Significant CAD was defined as at least 50% diameter nar- 
rowing of a coronary artery in at least 1 projection. 

After coronary angiography was completed, a No. 6Fr Cordis 
bipolar temporary pacemaker wire was passed from the right 
femoral vein under fluoroscopic control and placed against the 
lateral border of the right atrium. The pacemaker wire was 





END-SYSTOLIC VOLUME 


FIGURE 1. Patient 6—isolated frames from digital subtraction left ventriculograms obtained with 12 ml of contrast material. Frames at end diastole — 
(top row) and end systole (bottom row) are shown for the studies recorded at rest, peak pacing and 10 seconds after pacing was stopped. The baseline 
) of 40%. At peak atrial pacing to a heart rate of 140 beats/min, the patien »" 
However, the left ventricle has diffuse akinesia of the anterior, apical and — 
ignificant hypokinesia of the anterior and inferior walls is still present anc Ry 
has improved over that during the peak pacing study. f E 


study revealed inferior wall hypokinesia with a global ejection fraction (EF 
had an abnormal electrocardiographic response, but had no chest pain. 
inferior walls, with an EF of 1696. In the 10-second postpacing study, s 
the EF is still depressed below rest at 34%, but 
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connected to a Medtronic external pulse generator (model B 
5375). A No. 7Fr Cordis angled pigtail catheter was then — — 
passed retrogradely across the aortic valve into the left ven- — P 
tricle. A digital left ventriculogram was performed at restin — - 
the 30° right anterior oblique (RAO) projection by injecting — is 
12 ml of meglumine iothalamate (Vascoray9), which had been — — 
previously diluted 1:1 with water. The diluted Vascoray was H 
injected at a rate of 8 ml/s for 3 seconds. To perform the pacing 
study, the right atrium was stimulated at 2 mA initially ata — — 
rate of 20 beats/min above the patient's heart rate at rest. The  — 

rate was increased in increments of 10 beats/min every minute — — 
until chest pain developed or until a heart rate of 140 beats/ 
min was reached. If atrioventricular Wenckebach block de- = 
veloped, 1 mg of atropine was administered intravenously and E. 

the pacing study was continued. When the endpoint heart rate — wg 


was achieved, another 12-ml digital left ventriculogram was 
performed. The pacemaker was then turned off. In 19 patients +f * 
a third 12-ml digital left ventriculogram was obtained between — 
5 and 10 seconds after the atrial pacing was stopped. In the — - 
other 21 patients, the third 12-ml digital left ventriculogram % z 
was obtained 30 seconds after atrial pacing was stopped. — ~ 
Image analysis: The rest, pacing and postpacing digital  . 
left ventriculograms recorded on videotape were reviewed and ^u 
the cardiac cycles in which the greatest concentration of  - 
contrast was seen in the left ventricle were selected for anal- 



















ysis. The LV images from the chosen cardiac cycles were 


redigitized by the computer so that the boundary of the left 
ventricle could be electronically traced by the operator directly — 
on the video image. End-diastolic and end-systolic volumes 
at rest, during atrial pacing, and after pacing were calculated ` 
by the computer using the area-length method corrected for Ee 
magnification by a grid. Figure 1 is an example of a digital left — 
ventriculogram in end diastole and end systole obtained at 
rest, during peak pacing, and 10 seconds after pacing ina. 
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Coronary angiograms were reviewed on a Vanguard pro- 
ctor by 3 cardiologists. Angiographic narrowings were 
easured with calipers and were defined as anatomically 
mificant when the diameter at the stenosis was at least 50% 
rrowed compared with the angiographically normal-ap- 
aring arterial segment proximal to the lesion. Wall motion 
inormalities at rest, during atrial pacing and after pacing 
re outlined by an experienced angiographer and the results 
Te reviewed by the panel. The silhouette of the left ventricle 
the RAO projection was separated into anterobasal, ante- 
wr, apical, inferior and inferobasal segments.!? Wall motion 
is qualitatively defined as normal, hypokinetic, akinetic or 
Skinetic, based on the analysis developed by Alderman et 
13 Regions of normal and abnormal wall motion seen on 
ital ventriculograms were related to the presence or absence 
anatomically significant coronary artery narrowing in the 
tery supplying those myocardial regions. Arterial lesions 
re defined as functionally significant if rest or pacing-in- 
ced wall motion abnormalities were appreciated. 

E 











Results 


t. 
The patient characteristics and results recorded at 
it, during peak pacing, and after pacing are shown in 
ibles I and II. In these tables, the patients were sep- 
ted into 2 groups: those in whom a third left ven- 
culogram was recorded 5 to 10 seconds after atrial 
cing was stopped (group 1) (Table I) and those in 
om a third left ventriculogram was recorded 30 sec- 
ds after pacing was stopped (group 2) (Table II). 
tistical analysis was performed between the 2 groups 
ompare rest and peak pacing values using a Student 
st for paired data. Whenever there was no significant 
erence between group 1 and 2 for the various mea- 
ments, the data were combined. 
in 10 patients with CAD and 4 without CAD, the 
"ing study was stopped because chest pain developed. 
rioventricular Wenckebach block developed in 3 
ients with CAD and in 1 patient without CAD, and 
se patients received 1 mg of atropine during the 





dy. Two patients with CAD and 1 patient without 
D were not paced to the target heart rate despite the 
ence of chest pain or ischemic electrocardiographic 
nges because of the reluctance of the operator per- 
ming the pacing study. For the postpacing studies, 
re was no difference in the heart rate at 10 seconds 
30 seconds after pacing. In addition, there was no 
erence in the mean heart rate at rest compared with 
postpacing value in patients with CAD or without 
D. No complications occurred in any of the 40 pa- 
ats during or after the atrial pacing studies and the 
igital left ventriculograms. 

Iemodynamic effects: The mean LV end-diastolic 
ssure (EDP) at rest in the 29 patients with CAD was 
E 7 mm Hg. This was significantly higher than the 
an LVEDP in the 11 patients without CAD (12 4 


E 


1 Hg, p «0.05). In the group with CAD the LVEDP 
17 + 7 mm Hg after the initial rest 12-ml digital 
riculogram and 20 + 7 mm Hg within 2 minutes 
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TABLE III Angiographic Results — 
Postpacing 
(10- and 30-sec groups) 


Rest Peak Pacing 


Normal Coronary Arteries (11 patients) 


EDV 110 + 29 72 + 22! 110 + 22 
ESV 32+ 12 18 + 7: 29 + 10 
SV -78 + 25 54 + 19! 81+ 18 
EF 71+ 10 7549 74+ 8* 


Res RE a ae ered x B1 0E DR iE gae CEU E. GENNIO RN 
Abnormal Coronary Arteries (29 patients) 


EDV 138 + 39 99 + 30! 145 + 35* 
ESV 57 X 31 52 t 311 64 + 34! 
SV 80 + 21 48 + 19! 82+ 19 
EF 60 + 13 50 + 18! 58 + 15 


Values compared with rest: * p <0.05; t p «0.01; t p «0.001. 
EDV = end-diastolic volume; EF = ejection fraction; ESV = end- 
systolic volume; SV = stroke volume. 


of variance revealed no significant difference in the 
mean LVEDP at these 3 times in the patients with CAD 
(F = 1.37). Similarly, in the 11 patients without CAD, 
there was no significant difference in the mean LVEDP 
at rest (12 + 4 mm Hg), after the baseline 12-ml digital 
ventriculogram (15 + 5 mmHg), or within 2 minutes 
after the postpacing digital ventriculogram (15 + 4 mm 
Hg) (F = 2.03). 

Angiographic results: The results of the volumetric 
measurements from the digital left ventriculograms are 
summarized in Table III. 'The individual patient data 
for end-diastolic volume are shown in Figure 2. In the 
11 patients without CAD and the 29 patients with CAD, 
the end-diastolic volume decreased 34.7% and 27.4%, 
respectively (p <0.001), during peak pacing. In the pa- 
tients without CAD, end-diastolic volume returned to 
baseline levels after pacing. However, in the patients 
with CAD, the mean end-diastolic volume increased 
slightly (7.5%) above the baseline value during the 
postpacing study (p «0.05). 

The patient data for end-systolic volume are shown 
in Figure 3. In the patients without CAD, mean end- 
systolic volume decreased 41.8% (p <0.001) during peak 
pacing and returned to baseline levels after pacing. The 
patients with CAD had a more variable response in 
end-systolic volume at peak pacing. The mean end- 
systolic volume decreased only 10%, which was signifi- 
cantly different (p <0.001) from the mean change in 
patients without CAD. During the postpacing ventric- 
ulogram, the mean end-systolic volume increased 14.6% 
compared with the rest value (p <0.01) in the patients 
with CAD. 

The response of EF to atrial pacing is summarized in 
Figure 4 for the 11 patients without CAD. The mean EF 
increased 3.8 percentage points during peak pacing and 
achieved a p value of 0.06 compared with values ob- 
tained at rest. In 10 of the 11 patients (91%) EF in- 
creased or did not change (i.e., 2% or less) during peak 
pacing. Only 1 patient without CAD had at least a 2 
percentage point decrease in EF, and this patient’s EF 
at rest was 84%. During the postpacing study, mean EF 


Increased 3.1 percentage points above the value at rest 


and achieved a p value of 0.05 compared with rest. In 10 
patients (91%) EF increased or did not change during 
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ey 'F decreased 3 percentage points at 30 seconds after 
d pacing, and this patient had an EF at rest of 76%. 
| E The EF response to atrial pacing in the 29 patients 
- with CAD is shown in Figure 5. At the peak pacing rate, 
os _ the mean EF decreased 9.9% (p <0.001) compared with 
_ the rest value. In 4 patients EF increased or did not 
$a change, whereas in 25 (86%) EF decreased at least 2 
-~ percentage point at peak pacing. During the postpacing 
studies the mean EF decreased 2.2 percentage points 
_ from the baseline value, which was not a significant 
— change. In only 15 patients (52%) with CAD did EF 
decrease by 2 percentage points or more during the 
E postpacing study. There was no significant difference 
-in EF response between the group of patients who had 
| studies at 5 to 10 or 30 seconds after pacing in either the 
mean decrease in EF (0.5 and 3.7 percentage points, 
respectively) or in the number of patients who showed 
a decrease in EF of more than 2 percentage points (7 of 
- 14 and 8 of 15, respectively). 
Wall motion analysis: Four of the 29 patients with 
— CAD had anterior wall hypokinesia at rest and all 4 had 
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FIGURE 2. Percent change in end-diastolic volume from rest to the peak 
. pacing for the patients without coronary artery disease (CAD) (left) and 
patients with CAD (right). The circles represent patients who subse- 
= quently underwent left ventriculography 10 seconds after pacing and 
E ^ sop represent patients who subsequently underwent left ven- 
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right coronary arteries. Sixteen patients with CARR 
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complete occlusion of the right coronary artery, but 
of these 8 patients had collateral blood supply to t 
right coronary artery. Two of the 13 patients with w 
motion abnormalities at rest had abnormal contract ion 
at rest in both anterior and inferior walls, with cort 
sponding lesions in the left anterior descendi 


normal wall motion at rest. ee 
During the peak pacing study, in 23 of the 29 patients 
(79%) with CAD either new wall motion abnormali - 
developed or existing hypokinesia worsened, where 
in 4 patients segmental wall motion abnormalities d dic 
not develop. Two patients did not have wall moti 
abnormalities during peak pacing, but did show s seg- 
mental hypokinesia during postpacing study. Alter mi a 
tively, in 8 patients segmental wall motion abnormi tc 
ties developed during the peak pacing study, but th 
abnormalities reverted to normal at the 5- to 10-secon: 
or 30-second postpacing study. vM 
Only 1 of the 11 patients without CAD had mild a 
terior hypokinesia at rest, and it improved at pe eak < 
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pacing as EF increased. In 2 patients without CAD, mild 
anterior hypokinesia developed during peak pacing. EF 
did not change significantly in these 2 patients during 
pacing. 


Discussion 


-. Coronary angiography delineates the anatomy of the 
coronary arteries and reveals the presence and severity 
of coronary narrowing. However, coronary angiography 
alone does not yield information about the functional 
significance of atherosclerotic lesions.!4 In addition, 
there is often disagreement among observers about the 
severity of specific coronary lesions.!5-1? Therefore, it 
would be clinically useful to have a stress test that re- 
jably demonstrates alterations in segmental ventricular 
‘unction produced by myocardial ischemia resulting 
Tom specific coronary artery lesions. Atrial pacing is a 
means of inducing myocardial ischemia and has the 
»enefit of being easily performed at the time of card- 
ac catheterization. It is not dependent on the pa- 
jent's ability to cooperate with or perform physical 
»xertion. | 
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SURE 4. Ejection fraction (EF) response in patients without coronary 
ery disease. Left, change from rest to peak pacing; right, change 
m rest to the postpacing study. Mean EF increased mildly at both peak 
cing and postpacing studies. 
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The purpose of this study was to determine the op- 
timal time for recording left ventriculograms during 
atrial pacing stress tests. Digital subtraction angiogra- 
phy was chosen to study these issues because it allows 
3 to 4 left ventriculograms to be recorded with the same 
amount of contrast typically used to obtain 1 standard 
film-based angiogram. Therefore, this technique can be 
used to answer physiologic questions concerning the 
time course of ischemic changes induced by atrial pacing 
in humans.?9 

In patients who undergo catheterization for chest 
pain and are found to have normal coronary arteries at 
angiography, the results of this study indicate that the 
response to atrial pacing at the peak heart rate consists 
of a marked decrease in end-diastolic and end-systolic 
volume. Global EF increased at least 2 percentage 
points in 6 of the 11 patients (5596) and did not change 
(i.e., was within 2 percentage points of the value at rest) 
in another 4 (36%). In 1 patient, EF decreased 3 per- 
centage points. This decrease in EF is considered to be 
a false-positive response and has also been found during 
bicycle exercise in normal patients with a high EF at 
rest, in elderly patients and in patients with LV hy- 
pertrophy. In the normal patient with a high EF at rest, 
end-systolic volume is reduced at rest. Therefore, when 
the heart rate increases during pacing, the decrease in 
end-diastolic volume may not be matched by a pro- 
portional decrease in end-systolic volume, with the re- 
sult that the EF inappropriately falls. However, in most 
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FIGURE 5. Ejection fraction (EF) response in patients with coronary 
artery disease. Left, studies at peak pacing compared with rest; right, 
postpacing study compared with rest. The mean decrease in EF was 
more pronounced during peak pacing, whereas the mean change in EF 
during the postpacing study was not significantly different (NS) from 
the value at rest. | 
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patients with CAD, EF increases or does not change 
significantly during atrial pacing. 

The volumetric changes in the patients without CAD 
quickly revert to rest values within 5 to 10 seconds after 
pacing is stopped, as does the double product. In addi- 
tion, LVEDP is similar at rest or after the postpacing 
left ventriculograms. Thus, preload, afterload, LV vol- 
umes and heart rate were similar at rest and in the 
postpacing studies in patients without CAD. 

In the 29 patients with angiographically documented 
CAD, mean EF decreased by 10 percentage points 
during peak atrial pacing and returned toward the value 
at rest either 5 to 10 or 30 seconds after pacing. Based 
on the findings in the patients without CAD, we defined 
a positive pacing test as a decrease in EF of 2 or more 
percentage points. When this criterion was applied to 
the 29 patients with CAD, a positive response occurred 
in 25 patients (86%). Thus, for the entire group of 40 
patients studied, the sensitivity of the atrial pacing test 
performed at the peak pacing was 86% and the speci- 
ficity was 91%. However, if the left ventriculograms 
performed 5 to 10 or 30 seconds after the peak pacing 
rate is used, then the sensitivity of the post pacing study 
diminishes to 58% and the specificity remains 91%. 
These data indicate that ventricular function should be 
evaluated at peak paced heart rate in order to detect 
ischemia induced by atrial pacing. 

The change in end-systolic volume during pacing is 
also a good means of distinguishing patients with CAD 
from those without CAD. The decrease in EF that is 
seen in patients with CAD apparently occurs because 
of the inability of the myocardium to appropriately 
decrease the end-systolic volume during pacing and not 
because of differences in the changes in end-diastolic 
volume at peak pacing. 

The data from this study were used to compare a 
qualitative analysis of segmental wall motion to the 
angiographic presence and distribution of coronary 
artery narrowing. In 25 of the 29 patients (86%), there 
was a good correlation between the presence of CAD and 
the development during pacing (23 patients) or after 
pacing (2 patients) of segmental wall motion contraction 
abnormalities in the myocardial distribution of the af- 
fected artery. In 4 patients significant wall motion ab- 
normalities did not develop during or after the stress of 
atrial pacing. One of these patients had a 50% stenosis 
of the right coronary artery, which may not have been 
hemodynamically significant under the stress of atrial 
pacing to a heart rate of 142 beats/min. A second patient 
had an 8096 stenosis of the mid-left anterior descending 
artery, but was not adequately stressed because of re- 
luctance of the angiographer, who stopped the pacing 
study at a heart rate of 112 beats/min before chest pain 
developed. Another patient had disease only in the 
circumflex artery (7596 stenosis). Because only RAO left 
ventriculograms were recorded in this patient, lateral 
wall motion abnormalities may have developed that 
were not visualized in the RAO projections. The fourth 
patient had 70% stenoses in both the right and cir- 
cumflex coronary arteries. Although global EF de- 
ased mildly, from 73% to 69%, no distinct wall motion 

rmalit ing or after pacing, again 
se the RAO projection was used. — 









nber 1, 1985 THE AMERICI 


inii o iss 
i Ss e hac Jesps 1o 







SUCHE La 





a. 
ey one 
13 


M 

$ x 
1 2 iL> 
p P 


This analysis of segmental wall motion highlights 
some of the issues associated with interpreting the ef- 
fects of inducing myocardial ischemia by atrial pacing.. 
First, the patient must be adequately stressed to er ure 
that ischemia develops. Second, if lesions in the cir- 
cumflex distribution are to be analyzed, the left ven- 
triculogram should be performed in the left anterior 
oblique projection so that the lateral wall appears on ne 
periphery of the ventriculogram. Third, an angio- 
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graphically significant lesion must be adequately de- 





























































fined hemodynamically. Even if a stenosis is meas ed 
as 50% or greater diameter narrowing, its functior a 
significance may depend on several factors. Atrial | 
pacing and other stressful interventions are indepen- - 
dent tests of the functional significance of coronary - 
stenosis and the result of the stress test can be used as ` 
a supplementary examination in the description c 1 
atherosclerotic lesions. : 
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Comparison of Stress Digital Ventriculography, 
Stress Thallium Scintigraphy, and Digital Fluoroscopy 
in the Diagnosis of Coronary Artery Disease in Subjects 
Without Prior Myocardial Infarction 


ROBERT DETRANO, MD, PhD, CONRAD SIMPFENDORFER, MD, KAREN DAY, 
ERNESTO E. SALCEDO, MD, GUSTAVO RINCON, MD, JOHN R. KRAMER, MD, 
ROBERT E. HOBBS, MD, EARL K. SHIREY, MD, MICHAEL ROLLINS, MD, 
and WILLIAM C. SHELDON, MD 





kercise thallium scintigraphy is often used for the 
agnosis of coronary artery disease (CAD). Exer- 
se digital subtraction ventriculography and digital 
ibtraction fluoroscopy are new diagnostic proce- 
ires with roles that have not been determined. To 
(mpare the relative accuracies of the digital 
chniques with thallium scintigraphy, 97 consec- 
ive patients without myocardial infarction under- 
ent all 3 tests on the day before their scheduled 
onary angiograms. Forty-two patients had CAD 
hore than 50% diameter narrowing of 1 major 
tery). A fixed or reversible perfusion defect de- 
ied an abnormal thallium test response and a 
'gmental wall motion abnormality at rest or with 
rercise defined an abnormal digital ventriculo- 
aphic response. Any visualized coronary calcific 
posit defined an abnormal digital fluorographic 
sponse. The sensitivities of digital fluoroscopy 


cercise thallium scintigraphy is widely used for the 
agnosis of coronary artery disease (CAD).!-?? Many 
ports of the high sensitivity of exercise thallium 
aging have been derived from study groups that in- 
ided patients with evidence of prior myocardial in- 
‘ction. We researched the use of digital subtraction 
*hniques as diagnostic tests for CAD in subjects 
thout prior infarction. Goldberg et al?! reported a 
th sensitivity and specificity for digital subtraction 
atriculography performed at-rest and during exercise. 
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m the Department of Cardiology, Cleveland Clinic Foundation, 
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(86%) and digital ventriculography (7996) were 
significantly higher than the sensitivity of thallium 
(62%) (p <0.05). The specificity of thallium (82% ) 
was not significantly higher than that of either digital 
ventriculography (72%) or fluoroscopy (67%). The 
diagnostic accuracies of digital fluoroscopy, digital 
ventriculography, and thallium were 75%, 75% and 
7395, respectively. 

A logistic regression model showed that thallium 
and digital fluoroscopy were more accurate in 
younger patients, whereas digital ventriculography 
was more sensitive in hypertensive persons and in 
those not taking 6-blocking drugs. The choice of test 
depends on disease prevalence, clinical variables 
(such as age and hypertension) and the importance 
of functional information obtained from stress 
testing. 

(Am J Cardiol 1985;56:434-440) 


We noted that digital subtraction of background 
structures allows moving coronary calcific deposits to 
be better visualized during fluoroscopic examinations.22 
In the present study we compared the relative accu- 
racy of exercise thallium imaging, exercise digital sub- 
traction ventriculography, and digital subtraction 
fluoroscopy. 


Methods 


Study group: Between May 1983 and June 1984, all con- 
secutive patients referred to a group of participating cardi- 
ologists for coronary angiography were prescreened for this 
protocol. Patients were excluded if they had a history or 
electrocardiographic evidence of prior myocardial infarction, 
valvular or cardiomyopathic disease, or diabetes mellitus re- 
quiring insulin. One hundred thirty-one subjects underwent 
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hundred nineteen subjects underwent symptom-limited 
trgadmill exercise and thallium imaging, immediately and 4 
— hours after exercise. Nine subjects whose stress test responses 
. were markedly abnormal (ventricular tachycardia, hypoten- 
sion or inability to exercise for 4 minutes because of progres- 
_ sive angina) were not subjected to stress digital ventriculog- 
raphy and were dropped from the protocol. Three additional 
. subjects were dropped because we could not obtain adequate 
venous access for exercise digital subtraction ventriculog- 
raphy. Four other subjects were dropped for administrative 
reasons. The remaining 103 patients underwent exercise 
digital subtraction ventriculography and digital fluoroscopy 
for coronary calcifications immediately after their second 
(redistribution) thallium scan. In 6 cases coronary angiogra- 
phy was canceled: in 5 because the clinical probability of sig- 
nificant coronary disease was very low and in 1 case because 

a patient refused cardiac catheterization. 

Thus, 97 subjects completed all 3 screening tests and se- 
lective angiography. Fifty-nine were men and 38 were women, 
mean age 54 years. 

Clinical data: Clinical histories were reviewed by an in- 
vestigator unaware of test or angiographic results. Age, sex, 
history of hypertension, current use (within past 24 hours) of 
B-blocking medications, and the presence or absence of a 

_ history of typical angina pectoris (pain occurring in the an- 
terior thorax, neck shoulders, jaw or arms precipitated by 

exertion and relieved within 20 minutes by rest) were 
noted. 

Exercise thallium imaging: All 97 subjects underwent 

. treadmill exercise according to the Bruce protocol. Exercise 
— was terminated because of fatigue, dyspnea or progressive 
angina. One minute before the completion of exercise, 2 mCi 
of thallium-201 were injected directly into an arm vein. Nu- 
clear imaging was begun within 10 minutes (usually immedi- 
ately) after injection in the 45? and 70? left anterior oblique 
and anterior projections. All images were recorded for 10 
— minutes for each projection on a portable gamma camera with 
. a l/j-inch crystal and a high-sensitivity, low-energy collimator. 
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- Imaging in all 3 projections was repeated approximately 4 
3 hours after thallium injection to obtain redistribution images. 


-. The acquired data were stored in a VIP-550 microprocessor 

. . system for subsequent analysis. 

n2 Computer-stored scintigraphic data were analyzed by an 

investigator unaware of the other test and angiographic re- 
sults. Myocardial segments were evaluated by quantification 
of the decreased radioactivity in the poorly perfused area in 
comparison with a maximum pixel count and normal myo- 
cardium. A segmental count reduction of at least 20% with 
respect to normal myocardium in the postexercise image was 
considered abnormal, whether or not this defect persisted at 
redistribution.???4 

Rest and exercise digital subtraction ventriculog- 
raphy: All patients were studied in the fasting state imme- 
diately after the thallium redistribution scan was obtained. 
Studies were performed at rest and during exercise in the 

-supine position. 

For both rest and exercise studies, a 320-ms time-averaged 
mask was used. Mask acquisition was followed immediately 
by the injection of 40 ml of Renografin-76® through a 16-gauge 
catheter into the superior vena cava at a flow rate of 10 to 15 
ml/s. Radiographic exposure settings were the same for the 
rest and exercise studies of each patient. The kilovoltage was 

» . between 70 and 95 and the milliamperage between 50 and 100. 

... Continuous image acquisition at 30 frames/s ran for 15 to 25 

ero secon ds for studies performed at rest and 10 to 16 seconds for 
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those during exercise. For both rest and exercise studies, image - 
acquisition continued for a few seconds after clearance of - 
contrast material from the left ventricle. These post-contrast 
frames were used for second-order resubtraction. DR 
The study at rest was performed in the right anterior - 


oblique projection at held inspiration. Exercise was initiate 
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at 25 W and increased by 20 or 25 W at 2-minute intervals. 
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Exercise was terminated because of exhaustion, dyspnea or 
progressive angina. eu 

Immediately after the termination of exercise, the subjec' Le 
was asked to hold his breath in deep inspiration. Under flu 
roscopic guidance, the radiographic image intensifier was 
repositioned. The subject was then allowed to exhale and again 
inhale deeply and hold his breath. A mask image was then - 
taken, the subject was told to breathe normally, and contrast - 
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material was injected. Subtracted image acquisition and flu- — 
oroscopy began immediately before the contrast injection so - 
that the test conductor could monitor the progress of he | 
contrast bolus and the movements of the diaphragm. As soon. A 
as the bolus had cleared the right ventricle, the subject was 
asked to inhale deeply and hold his breath a third time. A few 
seconds were allowed for clearing of contrast from the left 
ventricle before image acquisition was terminated. — 
The ventriculograms recorded at rest and during exerci se 
were then reviewed by the test conductor to determine their 
diagnostic adequacy. In reviewing the studies, contrast en- 
hancement and mask resubtraction using masked frames. 


chosen from the post left ventricular opacification parts of: he 


studies were used. All rest studies were considered adequate 
after a single contrast injection. In 6 patients, exercise stud ies 
had to be repeated to obtain adequate images. Rest and ex- 
ercise digital subtraction ventriculograms were interpreted 
by the consensus of 2 observers blinded to the clinical, scin- 
tigraphic and angiographic data. The videotaped runs oi 
ventriculographic images were postprocessed as describec j 
above and analyzed as to the presence and severity of seg- 
mental wall motion abnormalities. The left ventricle was 
separated into 5 segments according to the American Heart 
Association Qualitative Reporting System.”° Segments we: e 
graded as follows: 1 = normal; 2 = mild; 3 = moderate; 4 = 
severe hypokinesia; 5 = akinesia; and 6 = dyskinesia. Rest and 
exercise digital subtraction ventriculograms were considere l 
abnormal if any of the 5 segments received a grade of 4o > 
higher at rest (Fig. 1) or if the grade of any segment increased 
at exercise with respect to rest (Fig. 2). After the subjective 
wall motion analysis was completed, the rest and exercise 
ventriculographic studies were transferred to a video com- 
puter in 128 X 128 pixel format in which calculation of global 
ejection fraction was done using the area-length formula. 
Ejection fractions that were less than 50% at rest or failed to- 
increase with exercise were considered abnormal. E 
Digital subtraction fluoroscopy: Digital subtracti on 
fluoroscopic studies were done immediately before digital: 
ventriculography using a previously described procedure. gx 
An observer blinded to the other tests and angiographic results 
reviewed the videotaped fluoroscopic images. Any calcific 
deposit in any of the 4 major coronary vessels defined an ab- 
normal test (Fig. 3). dE 
Coronary angiography: On the day after the screening 
tests, selective coronary angiography was performed by the 
Sones or Judkins technique. Radiographic exposure factors 
used during cineangiography were 300 mA, 75 to 95 kV anc 
a 5 ms pulse width. EB. 
Statistical analysis: Sensitivity, specificity and overal 
diagnostic accuracy (percent of subjects correctly identified 
as diseased or not diseased) were calculated for all 3 tests, 
Significant CAD was defined as luminal diameter narrow ing 
of more than 50% of a major coronary vessel. Sensitivity, 
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specificity and diagnostic accuracy were compared using 
McNemar's test. A stepwise logistic regression model? for 
yredicting the probability of an abnormal test result was 
'onstructed for those with and without CAD using the clinical 
variables of age (continuous), sex (male = 1, female = —1), 
story of hypertension (yes = 1, no = —1), use of 8-blocking 
lrugs (yes = 1, no = —1), and history of angina pectoris (yes 
= 1, no = —1). Those variables that entered the model at a 0.10 
ignificance level were chosen as significantly contributing to 
est sensitivity and false-positive rate (1 — specificity). A 
imilar calculation was done for the prediction of a corrected 
est result (normal or abnormal) in the entire set of 97 patients 
n order to determine the clinical variables which significantly 
ontributed to the diagnostic accuracy of a test. 


Results 


Clinical and angiographic results: Forty-two 
ubjects (43%) had angiographic narrowing of at least 
10% of at least 1 major coronary vessel. Seventeen of 
hese had 1-vessel CAD, 16 had 2-vessel CAD, 7 had 
-vessel CAD and 2 had left main CAD. Forty-six 
ubjects had typical angina pectoris and 51 did not; 42 
ubjects had hypertension and 26 were receiving 
Ii-blocking medications. 

Hemodynamic response to exercise: Table I shows 
he achieved heart rates, exercise systolic blood pres- 
ure, duration of exercise, pressure-rate product, and 
est and exercise ejection fractions for the exercise tests. 
"here were no significant differences of the mean 
ressure-product achieved during the 2 exercise tests 
ither for the group as a whole or for those with or 
rithout CAD. As expected, upright treadmill exercise 
ras associated with a higher heart rate but a lower peak 
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GURE 1. Digital subtraction ventriculogram performed at rest by a 
-year-old man without history of electrocardiographic evidence of 
/ocardial infarction. There is an akinetic segment of inferior left 
ntricular wall. | 
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systolic blood pressure than was supine bicycle exercise. 
There was no significant exercise-induced change in the 


mean ejection fraction of the study sample as a whole 


or of the group with or without CAD. 


Sensitivity, specificity and diagnostic accuracy 
of the three tests: Table II and Figures 4 and 5 show 
the sensitivity, specificity, and overall diagnostic ac- 


curacy of each test for predicting significant CAD. Ex- 
ercise digital subtraction angiography and digital flu- 
oroscopy were significantly more sensitive than exercise 
thallium scintigraphy (p = 0.04 and 0.03, respectively), 
but they were also less specific (p = 0.25 and 0.06, re- 
spectively). The overall diagnostic accuracies of the 3 
tests were almost identical. Figures 5 and 6 show the 
sensitivities and specificities of the 3 tests in the pre- 
diction of multivessel CAD (more than 50% obstruction 
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FIGURE 2. A 48-year-old woman whose study results at rest are normal, 
but whose study results during exercise shows hypokinesia of anterior 


and apical wall segments. 





FIGURE 3. Digital fluoroscopic images from a 60-year-old man with 
.calcific deposits evident in left anterior descending and right coronary 
arteries (LAD and RCA). 
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Entire Group With CAD Without CAD Entire Group With CAD Without CAD 
. (n = 97) (n = 42) (n = 55) (n = 97) (n = 42) 
| Exercise heart rate 148 136 156 132 122 
E +24" 425° +19* +18* +16* 
E Exercise systolic blood pressure 169 167 171 184 185 
he 423° +22" +23° +24* +26* 
.. Duration (min) 8.61 8.11 9.00 1:25 6.92 
AY +2.42* +2.43°* +2.36* +2.19* +1.81* 
. Pressure-rate product 25,058 22,861 26,735 24,284 22,702 
l +9, 752 45,712 +4, 864 +2,330 4-4,664 
= Ejection fraction 
Rest 76.0 72.7 
+9.5 +10.9 
. Exercise 75.7 70.3 
+13.4 +11.0 
* Thallium and DSA values significantly different (p <0.05). 
. Values are mean + standard deviation. 
. CAD = coronary artery disease; DSA = digital subtraction angiography. 
i TABLE Il Sensitivity, Specificity and Overall Diagnostic Accuracy of the Three 
Screening Tests 
$ Sensitivity Specificity Overall Accuracy 
S (n = 42) (n = 55) (n = 97) 
p Thallium 
-d Fixed defect 33 96 89 96 
p. Reversible defect 50 96 8596 
| Fixed or reversible 62% 82% 73% 
! Exercise DSA 
Wall motion abnormality at rest 33 96 95 96 68 96 
| Exercise-induced wall motion abnormality 71% 76% 
1 Either of the above 79% 72% 75% 
| Ejection fraction 60% 67% 64% 
(<50% at rest or failure to increase) 
. Digital fluoroscopy 86% 67% 75% 


. DSA = digital subtraction angiography. 


E of more than 1 artery). Once again, exercise digi- 
_ tal subtraction ventriculography and digital fluoros- 
-copy are more sensitive but less specific than thallium 
— scintigraphy. 

Table III is a list of the clinical variables that signif- 
icantly predicted test sensitivity, false-positive rate and 
diagnostic accuracy. Because a history of angina did not 
contribute significantly to any of the test results, this 
variable was not entered in the table. 


Discussion 


The results of this investigation suggest that the 
digital subtraction techniques developed in our labo- 
ratory are more sensitive but less specific than exercise 
thallium scintigraphy for diagnosing CAD in patients 
without prior myocardial infarction. Thallium scintig- 
raphy and digital fluoroscopy were more accurate in 
younger than in older subjects and exercise thallium 
scintigraphy was more accurate in women than in men. 
Exercise digital subtraction ventriculography was more 
sensitive in hypertensive persons and less sensitive in 
patients receiving 9-blocking drugs. 
ah The accuracy of exercise thallium scintigraphy has 

n the subject of numerous investigations. Sensitivity 
has varied from 62 to 100% and specificity from 50 to 
M 100%. Hase aeons are ur likely due to eee erenices 

in stu iE populat: ations ar Aue o review ‘anand 
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reports and found 19 journal articles??? that repor ed 
the sensitivity and specificity of exercise the 
scintigraphy, which fulfilled the following criteria: (1) 
Patients with a history or electrocardiographic evident ce 
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TABLE Ill Effe. ai je P ior. Typic d Aginá ectoris, Systemic Hypertension, a lockade on Sensitivity, False- 
EM | Positive Rate and Diagnostic Accuracy FS cer YU nk: ACA mA d 

















vae Systemic Beta 

A Age Sex Hypertension Blockade Constant 

. Sensitivity NS 0.76 (0.05) NS NS 0.07 ES 
_ False-positive rate 0.10 (0.02) 0.33 (0.0005) NS NS —0.98 . j 
. Accuracy — 0.076 (0.004) —0.46 (0.08) NS NS 4.9 
=xercise DSA i 
. Sensitivity NS NS 1.2 (0.01) — 1.3 (0.009) 1.0 j- 
f False-positive rate NS NS NS NS r 3 
_ Accuracy NS NS NS NS K 
D E fluoroscopy E. 
. Sensitivity 0.11(0.05) . NS NS NS —4.2 z 
^ False-positive rate 0.11 (0.0003) 0.63 (0.06) NS NS «8.2 f 
Accuracy _—0.49 (0. 9 (0.06) — NS NS NS 3.8 3 










i 

i Entries are coefficients my significance levels (in parentheses) of variables that entered the logistic regression model. | 3 

sa “an digital subtraction angiography; NS = not significant. v» 

of a myocardial infarction were not included in the exercise-induced wall motion abnormalities in subjects a 
stu tudy sample or, if included, the results for these pa- without myocardial infarction or significant obstructive 
1 iei ts were reported separately. (2) Patients using CAD. The presence of such wall motion abnormalities, 
3-blocking medications were neither excluded nor taken although of great pathophysiologic interest, detracts 





















f; their medications berote their exercise test. 3 


Evi op specificity and nd accuracy of 75%, 
35% and 80%, respectively. ‘These results are similar to 


h hose obtained in our laboratory for planar thallium 
aging applied to subjects without myocardial in- 


arcti ion. The lower sensitivity of 62% in our comparative If the a priori probability is high, a positive result will — 
investigation is partly a result of the exclusion of provide more information if the test is sensitive rather 
ubjects with markedly abnormal treadmill tests. than specific. Another motivation for choosing between __ ? 
. The low specificity of digital subtraction ventricu- a sensitive or a specific test is the relative value placed E 
og raphy (72%) is disappointing. Berger et al?” observed on false-positive and false-negative results. If a clinician — - 
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from the value of exercise digital subtraction ventricu- 
lography as a diagnostic test for CAD. Because of its 
inferior specificity, exercise digital subtraction ven- 
triculography cannot be considered more accurate than 
exercise thallium scintigraphy in detecting coronary 
obstruction. The choice between a test that is sensitive 
and one that is specific should partly depend on the a 
priori probability of disease of the subject being tested.28 


is more concerned about missing a significant stenosis 
than about performing coronary angiography in a 


subject with normal coronary arteries, he would choose 


a more sensitive test. However, if a patient is reluctant 
to undergo coronary angiography unless the probability 
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of finding a significant lesion is high, a specific test 
should be chosen. The relative risk, expense and dis- 
comfort associated with an exercise test must 
also be considered. In this regard, exercise thallium 
scintigraphy is without doubt the preferred exam- 
mation. 

Digital subtraction fluoroscopy is a new and sensitive 
technique for detecting coronary calcific deposits and 
predicting coronary obstructions.?? The results of the 
present investigation suggest that this technique may 
be more sensitive than exercise thallium scintigraphy. 
Digital fluoroscopy was, however, less specific than ei- 
ther exercise thallium scintigraphy or exercise digital 
subtraction angiography. As expected, this fluo- 
rpecopic technique was more sensitive but less specific 
in older than in younger patients. Its diagnostic accu- 
iey was also higher in younger patients. The diagnostic 
accuracy of digital fluoroscopy was similar to that of the 
2istress tests. However, digital fluoroscopy does not 
provide functional and hemodynamic information 
concerning cardiovascular status. Such information can 
only be provided by stress testing. The prognostic im- 
portance of exercise-induced perfusion defects and wall 
motion abnormalities may also be more significant than 
the prognostic significance of calcific deposits.! In cer- 
tain situations, however, when functional capacity and 
prognostic information is of lesser importance, digital 
fluoroscopy may be the procedure of choice. For ex- 
ample, in an elderly person in whom a choice must be 
made between an antianginal preparation and a simple 
analgesic, a negative digital fluoroscopic result would 
indicate the later form of therapy. In screening large 
numbers of asymptomatic persons in high risk jobs 
(such as airline pilots), the simplicity of digital sub- 
traction fluoroscopy may be advantageous. 

One purpose of this investigation was to compare the 
clinical accuracy of the 2 exercise tests as they are per- 
formed in our laboratory; therefore, we did not attempt 
to change the exercise protocols of either test to make 
them uniform. Although the pressure-rate products 
were similar for supine and upright exercise, positional 
differences in left ventricular pressures and systolic 
ejection periods may cause a relative increase 1n myo- 
cardial oxygen uptake during supine exercise. Freeman 
et al?? did not find large differences in the diagnostic 
value of exercise radionuclide ventriculography per- 
formed during supine versus upright exercise. Whether 
this similarity in diagnostic value pertains to exercise 
digital ventriculography will remain a matter for further 
investigation. 

To ensure statistical independence of test results, the 
observers evaluating the thallium scintigrams and the 
digital ventriculograms were blinded to each other’s 
results and to the results of coronary angiography. Al- 
though the videotaped digital fluoroscopic studies were 
reviewed and evaluated before the evaluation of the 
ventriculograms, coronary calcific deposits were often 
evident i in the ventriculographic images. The presence 
of calcific deposits may bias the evaluation of the ven- 
triculographic study. One must therefore use caution 
in assuming that digital fluoroscopy and exercise digital 


ventriculography add independent information for 
diagnosing CAD. 
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screening patients. The secretarial help of Paula LaManna 
is also deeply appreciated. 


References 


1. Brown KD, Boucher CA, Okada RD, GQuiney TE, Newoil JB, Strauss HW, 
Pohost GM. Prognostic value of exercise thaltum-201 imaging in patients 
presenting for evaluation of chest pain. JACC 1983;1:984— 1001. 

2. Turner DA, Battle WE, Deshmukh H, Colandrea GJ, Fordham 
EW, Messer JV. The predictive value of myocardial uston scintigraphy 
after stress In patients without previous myocardial Infarction. J Nucl Med 
1978;19:249-255, 

3. Bodenhebner MB, Banka VS, Fooshee CM, Helfant RH. Extent and severity 
of coronary heart disease. Arch intern Med 1979;139:630-634. 

4. Undervrood DA, Rincon G, Ylannikas J, Cook SA, Macintyre WJ, Go RT. 
Clinical usefulness of thalllum-201 scintigraphy in the study of coronary 
artery disease: a comparison of two exercise systems. Cleve Clin Q 
1982;49:73-78. 

5. Forstrom LA, Cook AM, Schwartz J5, Loken MK. A comparison of thal- 
Hlum-20 1 myocardial Imaging with exercise-ECG and coronary anglography 
in 28 Den with suspected Ischemic heart disease. Minn Med 1983; 

6. Cinott! L, Meignan M, Usdin JP, Vasiie N, Castalgne A. Diagnostic value 
of d processing In myocardial scintigraphy. J Nucl Med 1983;24: 
768-774. 

7. J, Chaitman BR, Lam J, Lesperanco J, Dupras G, Fines P, Bourassa 
M. Invasive diagnostic test choices for the evaluation of coronary artery 
disease in women: a multivariate comparison of cardiac fluoroscopy, ex- 
ercise electrocardiography and exercise thalllum myocardial perfusion 
scintigraphy. JACC 1984;4:8—16. 

8. Iisley C, Stockley A, Ciltsakis D, Layton C. Normal coronary arteriogram. 
An avoldable test? Br Heart J 1982;48:580—583. 

9. Burke JF, Morganroth J, Soffer J, Pandis |, Chen CC, David D. Tho car- 
diokymography exercise test compared to the thalllum-201 perfusion ex- 
ercise test in diagnosis of coronary artery disease. Am Heart J 1984; 
107:718--725. 

10. Weintraub WS, Madeira SW, Bodenhelmer MM, Seelaus PA, Katz RI, 
Feldman MS, Agarwal JB, Banka VS, Helfant RH. Critical analysis of the 
application of Bayes’ theorem to sequential testing in the noninvasive di- 
agnosis of coronary atag disease. Am J Cardiol 1984;54:43—49. 

11. Osbakken MD, Okada RD, Boucher CA, Strauss HW, Pohost GM. Com- 
parison of exercise perfusion and ventricular function imaging: an analysis 
of factors affecting the diagnostic accuracy of each technique. JACC 
1984;,3:272-283, 

12. Verani MS, Marcus ML, Razzak MA, Ehrhardt JC. Sens and specificity 
of thalllum-201 perfusion scintigrams under exercise in diagnosis ol 
coronary artery disease. J Nucl Med 1978;19:773-782. 

13. Patterson RE, Horowitz SF, Eng C, Ruden A, Meller J, Haigash DA, Pichard 
AD, Goldsmith SJ, Herman MV, Gortin R. Can exercise electro raphy 
ae thalllum-201 myocardial imaging exclude the diagnosis of coronary 

disease? Am J Cardio! 198 :49: 1127-1135. . 


14. Uhi , Kay TN, Hickman JR. uter-enhanced thallium sclntigrarns 
in asymptomatic men with ab exercise tests. Am J Cardio! 1981: 
48:1037--1043. 

15. Verani MS, Jhingran S, Attar M, Rizk A, Quinones MA, Miller MR. Poststress 


redistribution of thalllum-201 In nts with coronary artery disease, with 
and without prior myocardial infarctlon. Am J Cardio! 1979;43:1114- 
1122. 

18. Blood DK, McCarthy DM, Sciacca RR, Cannon PJ. Comparison of sin- 
ees oe and do Pona cee thallium-20 1 myocardial perfusion scintigra 

of coronary artery disease and prior myocardial Infar 
aia 1975,56] 77. 780. 

17. O'Keefe JC, Edwards AC, Wiseman J, Cooper RA, Shuter B, Donnelly GL. 
Comparison of exercise electrocardiography, thalilum-201 myocardial 
imaging and exercise gated blood "o scan In patients with suspectec 
coronary artery disease. Aust NZ J 1983;13:45—50. 

18. Dash H, Massle BM, Botvinick EH, Brundage BH. The noninvasive Identl- 
ee o e mer end ree ei rk den deese lc 

graphy and treadmill exercise electrocardiography. 
Circulation 1979;80:276—-284. 

19. Meller J, Goldsmith $J, Rudin A, Pichard AD, Gorlin R, Telchholz LE, 
Herman HV. Spectrum of exercise thalllum-201 myocardial perfusion 
imaging In patients with chest pain and normal coronary angiograms. Am 
J Cardlol 1979;43:7 17-723. 

20. Massie B, Botvinick EH, Brundage BH. Correlation of Thaillum 201 scin- 
tigrams with coronary anatomy: factors affecting regional sensitivity. Am 
J Cardiol 1979;44:6 16—622. 

21. Goldberg HL, Moses JW, Borer JS, Fisher J, Tamari i, Skelly NT, Cohen 
B. Exercise left ventriculography utilizing Intravenous digital angiography. 
JACC 1983;2:1092~1098. 

22. Detrano R, Markovic D, Simpfendorter C, Franco |, Holtman J, Grigera 
F, Stewart W, Tallff N, Salcedo EE, Leatherman J. Digital subtraction 
fluoroscopy: a new method of detecting coronary calcifications with im 





, 440 


' proved sonst for ai wee AS m 
1985;71:725-732. ~ 


23. 


DIGITAL ‘TECHNIQUES AND THALLIUM 


- Y 
moi 


Detrano R, Yiannikas J, Saicedo EE, Rincon G, Go RT, Willams G, 
Leatherman J. = lhe ACDA ae E demonstration 


l prospective 
‘of Its clinical utility in diagnosing coronary disease. Circulation 1984,89: 


2k 
du 


26. 


"541-547. 
Macintyre WJ, Go RT, Cook SA. Comparison of stress and redistribution 


thallium planar Imaging with a single proton transaxial tomogr c tech- 


ME eee: ed, Nuclear Medicine and Biology 

eas, 

Geiberg HS, Brundage BH, Glantz S, Parmiey WW. Quantitative left ven- 
tricwar wall motion ana ls: a comparison of area, chord, and radial 
methods. Circulation 1979;59:5-12. 

Harrell F. The logist procedure. In: Reinhardt PS, ed. SAS Supplemental 


_ User's Guide, Cary, NO: SAS Intute, Inc, 198 LM 
Mir tiic Are MJ, Davies RA, Wackers EFT, Nexandor 3, acta: "e 
BW, Zaret BL. Exercise left ventrcular performance in patients | 
with chest pain, Ischemlc-appearing exercise el A 
angiographically normal coronary arteries. Ann intem 1981;04:, 
1 91 


28. McNeil BJ, Koeler EM, Adeistein SJ. Primer on certain elements of medical 

caper DA’ Stang JP. Motil He. Coronary calc * e. 
Edo oue JP, McGill HC. Coronary calcifications. Circulation ` 
2919 Deea 


30. Hike Gaon DS, Staniloff H, am U, Maddahi J, Swan HJC, $ 
partson of upright and V bicyclé exorcise Mitha da. 
dicus de van coop Am E 1198 109 eo" CRUS d 


Se 


Relation of Effectiveness of Intracoronary Thrombolysis 
in Acute Myocardial Infarction to Systemic 
Thrombolytic State 


i 


MARK W. BURKET, MD, MARY R. SMITH, MD, THOMAS E. WALSH, MD, 


a atari 


Twenty-nine patients received intracoronary 
thrombolytic therapy for acute myocardlal infarction 
3.5 + 1.4 hours (mean + standard deviation) after 
the onset of pain. Ten patlents received urokinase 
(UK) and 19 patients received streptokinase (SK). 
Laboratory variables of the coagulation system were 
measured before and Immediately after therapy. 
When comparing patients in whom coronary artery 
recanalization occurred vs those In whom the artery 
remained occluded, those in whom recanalization 
was achieved had greater alterations In fibrinogen, 
prothrombin time, activated partial thromboplastin 
time, fibrin/flbrinogen degradation products and 


.plasminogen by thrombolytic therapy than did those 


In whom recanallzation was not achieved (p «0.05 


PAMELA S. BREWSTER, MA, and THEODORE D. FRAKER, Jr., MD 


for all variables). Euglobulin lysis time showed a 
similar but nonsignificant trend (p = 0.114). Patients 
who received SK showed markedly greater alter- 
ations in coagulation parameters than did patients 
treated with UK (p <0.05 for 5 of 6 variables mea- 
sured) and had a much higher incidence of suc- 
cessful thrombolysis (74% for SK, 20% for UK). 
These data indicate that the development of a sys- 
temic fibrinolytic state contributes to success when 
using Intracoronary thrombolytic agents in acute 
myocardial infarction. Rather than being considered 
an adverse effect of therapy, a systemic lytic state 
may serve as a reasonable clinical goal in at- 
tempting to produce thrombolysis. 

(Am J Cardiol 1985;56:441-444) 





Intracoronary administration has been advocated as a 
means of delivering high concentrations of thrombolytic 
agents to coronary artery thrombi in acute myocardial 
infarction (AMI) while avoiding the profound systemic 
fibrinolytic state that normally occurs with intravenous 
thrombolytic therapy. Although early clinical experi- 
ence indicated that a systemic fibrinolytic state could 
be avoided with the intracoronary approach,! subse- 
quent studies have consistently shown that a systemic 
effect, usually occurs with this delivery technique.?-1! 
Whether it is more appropriate to consider this lytic 
state an unwanted adverse response to therapy or a 
beneficial component of successful thrombolysis has 
been an issue recently addressed. In this study, the 
production of a systemic fibrinolytic state during in- 
From the Department of Medicine, Medical College of Ohio, Toledo, 
Ohio. This study was supported in part by a grant from the Northwestern 
Ohio Chapter of the American Heart Association, Toledo, Ohio. Man- 
uscript received March 4, 1985; revised manuscript received May 10, 
1985, accepted May 13, 1985. 

Address for reprints: Mark W. Burket, MD, Department of Medicine, 
Medical College of Ohio, C.S. #10008, Toledo, Ohlo 43699. 


tracoronary thrombolysis was strongly correlated with 
recanalization of an occluded coronary artery in AMI. 


Methods 


Patients: We studied 29 patients (23 men, 6 women), av- 
erage age 59 years (range 40 to 74), who presented within 6 
hours of the onset of chest pain. Inclusion criteria included 
the presence of charcteristic symptoms of AMI and ST-seg- 


. mentelevation of more than 2 mm on a 12-lead electrocardi- 


ogram. All patients had subsequent elevation of serum cre- 
atine kinase enzyme levels, including the MB fraction. 
Patients with coexisting terminal illness or contraindications 
to thrombolytic therapy were excluded. 

Catheterization technique: Before catheterization all 
patients gave written informed consent. Laboratory test re- 
sults obtained before catheterization included complete blood 
count, platelet count, creatine kinase, fibrinogen, plasmino- 
gen, prothrombin time, activated partial thromboplastin time, 
fibrin/fibrinogen split products, alpha 2 antiplasmin and 
euglobulin lysis time. Left ventriculography and coronary 
arteriography were performed using the Judkins technique. 
Vessels that showed total or subtotal occlusion that supplied 
areas corresponding to the area of infarction as determined 
by the electrocardiogram were perfused with thrombolytic 
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TABLE | "Coagulation Parameters: All Patients (n = 29) 


Before Treatment — After Infusion 
Fibrinogen 
wo 309 + 90 68 + 93 
_ NR 286 + 4gP = 0.422 168 p gg P = 0.014 
uL 
A ceronbogledin | 
time (8) l ' 
NR 26 gP= 0858 48 £ 36P = 0-015 
an T Ww 219483. _ 
| NL M ' 849 P7022 4994 ggP 70.014 
Sm 1243 742 i 
NR 12 Ł 2P = 0.782 g + 3 P = 0.038 
E. 
M 1504 168, 0.875 17 12 P = 0-114 


. Values are mean + standard deviation. 
" NR = no recanalization; R = recanalization. 


agents. Ten patients received urokinase (UK), generally ad- 
“ministered as an intracoronary infusion at a rate of 30,000 
U/min. The average dose per patient was 1.05 million inter- 
national units. Nineteen patients received streptokinase (SK), 
usually administered as an infusion at a rate of 4,000 U/min, 
with an average total dose of 333,000 U/patient. No patient 
, received heparin before or during catheterization. After 
infusion of a thrombolytic agent, all eA tests described 
above were repeated. 
_ Subsequent care: All patients were hospitalized in the 
coronary care unit. The activated partial thromboplastin time 


was determined every 4 hours. Systemic anticoagulation with ` 


heparin was begun in patients in whom recanalization oc- 
curred when the activated partial thromboplastin time fell to 
_ twice the patient's pretreatment value. Recanalization was 
defined as the establishment of blood flow in a previously 


. totally occluded vessel or as a definite decrease in stenosis as . 


judged by multiple observers in a vessel previously showing 
. Subtotal occlusion. Patients in whom the activated partial 
thromboplastin time was less than twice the pretreatment 
value after thrombolytic therapy received heparin upon arrival 
in the coronary care unit. 
Further therapy included medical treatment in 18 patients, 
bypass surgery in 7 and coronary angioplasty in 4. 
Statistical analysis: Data are presented as mean + stan- 
dard deviation. Group comparisons were statistically analyzed 
using the group mean £ test, with differences of p «0.05 
significant. 
. Results 
 Recanalization: Recanalization was achieved in 16 
: patients (55%). Two of 10 (20%) patients who received 
UK achieved recanalization, whereas 14 of 19 (7496) who 
received SK did so. Patients who received UK were not 
significantly different from those who received SK with 
-regard to age (UK 58 + 9 years, SK 59 + 9 years) or in 
baseline measurements of coagulation variables. Time 
"from the onset of chest pain to the initiation of infusion 


was shorter i in ae who ESCONEG SK (UK 4.3 X 1.8 


TABLE II Coagulation Varlables: Streptokinase, (19 
a Patients) Versus Urokinase.(10 Patients) 


Before Treatment | After infusion x 
Fibrinogen ' , 

(mg/di) 

UK 298 + 80 P EFE z 
Prothrombin E 
| pd 1041 15:3 

US 102: 0P 7 0.969 853, «ooi 
Activated partial E 

tin 
a 26 + 2 89 + 31 
26 + 4P = 0.786 62 + 52 P = 9.670 
Fibrin/fibrinogen i 
PSK 4 RA 226 + ds 
7 Z 

UK a41 P= 0.260 “G44 97P p «0.001 
Plasm 7 

al + +2 

UK -— 15 $ 2P — 0491 11 £ 2 P <0.001 
Euglobulin tyals | 

time (min) " "T 

49 + 153 5 
UK 149 159... 0.878 " 23 4 14 P = 0.008 


Values are mean + standard deviation. 
SK = streptokinase; UK = urokinase. 


hours, SK 3.2 + 0.9 hours, p = 0.046). Patients in whom  : 
recanalization was achieved with UK received higher . 
doses of thrombolytic agent than those in whom it was 
not (1.4 + 0.8 vs 1.0 + 0.2 million units, p = 0.02). There 
was no significant correlation between dose of throm- 
bolytic agent received and subsequent recanalization 
with SK (322,000 + 153,000 U in recanalized patients, - 
362,000 + 99,000 U in those not recanalized, p = 
0. 596). - 

‘Coagulation data: Sipnificant differences were noted 
in coagulation variables after the completion of. 
thrombolytic therapy when comparing patients in 


whom recanalization was achieved with those in whom . . 
- it was not (Table I). Of the measurements listed in ` 


Table I, all but the euglobulin lysis time showed sta- 


 tistically significant differences between patients in 


whom canalization was successful and in whom it was 
not, with those achieving recanalization showing more - 
profound thrombolysis. À nonsignificant trend toward : 
the same effect was seen with the euglobulin: lysis 
time. | 
Alpha 2 emi was 101 + 22% at baselina in 
these patients and dropped to 0 in all. Pretreatment 
values were higher in patients who received UK than in 
those who received SK (115 + 9% vs 83 + 24%, p = 


0.021). There was no significant difference between ` 


baseline values when comparing patients in whom re- 
canalization was achieved with those in whom it was not 
(95 + 27% va 109 + 13%, p = 0.155). 

Patients who received UK showed less alteration in 


coagulation variables than did those who received SK : | 


(Table II). Among patients who’ received. UK and 
achieved recanalization, coagulation measurements 


. changed more than in those in whorn ee was 
not achieved (Table AD). | 
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TABLE Ill Coagulatlon Parameters: Urokinase Patients 


(n = 10) 
| Before Treatment _ After Infusion 
'Fibrinogen 
d i 403 + 152 273 + 
» 73 + 152 
I 27034. Pa oe. 364 273 -P 9:198 
otnr n 
. time (s) 
|! R 10 00 12 07-1 
mu iQ QP 0818 — 44,,p-— 0.885 
! ated partial 
; thromboplastin 
time (s) 
St te-oser "Et Ho= oo 
Fibrin/fibrinogen 
degradation 
products 
3 jtlb-ome BER p= osoo 
T emnogen (mg/dl) 
R 14 X0 | 100 
| NR 123:1P "9187 qig gp = 0.850 
[gd lysis 
, time (min) 
R 120 x 0 23 
|! NR . 1693 197P 70849 54 £8 P= 0997 


* The higher final fibrinogen values for the R group represent the 


Impact of only 2 R patients, one of whom had an unusually high pre- 


treatment fibrinogen. The decrease from before treatment to after 
Infusion was more pronounced In the R group (130 + 0 mg/dl R, 101 
+ 86 mg/di NR, p = 0.864). 

Values are mean + standard deviation. 

NR = no recanalization; R = recanalization. 


Patients receiving SK also showed greater alterations 
of coagulation measurements when recanalization oc- 
curred than when it did not (Table IV). 

' Morbidity and mortality: No patient died in the 
dathetarizdtion laboratory. One patient whose coronary 
ártery remained occluded despite therapy died on the 
fourth hospital day of pump failure. One patient died 
suddenly at home 24 days after initial presentation, 
presumably from arrhythmia. There were no major 
bleeding complications. Oozing at the site of catheter- 
ization was not uncommon. 


Discussion 


| Fletcher et ali? first described the application of 
thrombolytic therapy to AMI in 1958. In their intrave- 
nous protocol the achievement of a systemic fibrinolytic 
state was considerd to be a complication and; if present, 
resulted i in the discontinuation of therapy. Two years 
later Boucek et al!? described the first regional therapy 
for myocardial infarction. They viewed the high local 

d low systemic concentrations achieved by this 

ethod to be superior to systemic therapy. Concern was 
expressed regarding a fibrinolytic state interfering with 
healing of infarcted myocardium. Rentrop et al! spe- 
cifically attempted to limit systemic coagulation ab- 
normalities by limiting the duration of intracoronary 
infusion. 

| Despite the findings of Rentrop et al, it has now been 
well established that intracoronary administration of 
SK usually results in systemic fibrinolysis.2-! Although 
initially viewed as a condition predisposing to hemor- 
rhage and without apparent benefit, the issue is now 

| : 


1 
1 





TABLE IV Coagulation Parameters: Streptokinase 
Patients (n = 19) 


Before Treatment _ After Infusion 
Fibrinogen 
ee 295 + 76 39 + 30 
NA 315454 P = 0.036 474 £ 459 P = 0.00 
Prothrombin 
time (s) $ z 
'R 10 à 1 1643 
NR - fo 1P7 0:986 1443P 70283 
Activated partial 
thromboplastin 
time (8) 
NR 262070620 — fo £ 27P =0.113 
Flbrin/fibrinogen 
degradation 
PR “58+ + 
R 58:105. _ 247434. _ 
NR i145 P=9-467 iee tag. = 0.008 
Plasminogen 
(mg/dl). 
uS ifi iye os08 = 8 $2 p= 0.740 
Euglobulin lysis l l 
time (min) 
if | ey = 0.562 2547p =0.964 


Values are mean + standard deviation. 
NR = no recanalization; R = recanalization. . 


* 


being raised as to whether this máy actually be benef 
cial and contribute to successful thrombolysis. Tu 
recént reports draw a strong correlation between 
systemic lytic state and recanalization. Rothbard et al 
reported 23 intracoronary SK infusions, 16 of whic 


" resulted in a systemic lytic state (defined in his work : 


a 10% decrease in fibrinogen). Of these 16, 14 (88%) ri 
sulted in recanalization. Of the 7 infusions that did n 
produce systemic fibrinolysis, only 1 resulted in re 
canalization (14%). Jutzy et alë described similar resul 
in patients treated with SK. Using a semiquantitatin 
assay, he found that profound hypofibrinogenemia (le: 
than 25 nig/dl) was found in 12 of 18 patients.(67%) wit 
recanalization but in only 1 of 9 (11%) in whom no ri 
canalization occurred. Timmis et al!® reported fibri 
ogen levels averaging 107 mg/dl in recanalized patient 
compared to 205 nig/dl in nonrecanalized patients, bi 
this difference was not statistically significant. 

In our study we found a strong correlation betwee 
thé production of a systemic thrombolytic state and tl 
achievement of recanalization. Patients who did n« 
develop a lytic state were unlikely to establish coronai 
artery patency. This held true regardless of wheth: 
consideration was given to UK patients, SK patient 
or all patients examined together. In our study it seeme 
more appropriate to consider systemic fibrinolysis : 
à contributing factor to success rather than as an ui 
desirable adverse effect. 

The findings of this study raise at least 2 importat 
questions. The first arises as one considers the dism: 
20% recanalization rate achieved with UK. Using 
néarly identical protocol except for thrombolytic ager 
used, we found a recanalization rate over 3 times as hig 
using SK. Although UK therapy was instituted an ai 
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erage of 1.1 hours later than SK, which may account for 
' somé of the poorer UK results, the lower incidence of 
a lytic state with UK may serve as.a better explanation. 
Despite differences in the early steps of activation of the 
fibrinolytic system by UK and SK, both agents ac- 
complish clot lysis by the same mechanism: the con- 


version of circulating plasminogen to plasmin. Since it. 


is plasmin, not UK or SK, that accomplishes thrombo- 
lysis, it is reasonable to consider that the amount of 
. plasmin produced would correlate with the incidence 
of recanalization, regardless of thrombolytic agent used. 
One then questions whether higher doses of UK would 
have resulted in higher levels of plasmin and a higher 
incidence of vessel reopening iri this study. The finding 
that significantly higher doses of UK were given to pa- 
tients who achieved recanalization than to those who 
did not supports this concept. - 

—. A second question raised by this study is whether 
regional therapy is justifiable. The initial incentive for 
. regional therapy was to prevent the development of a 
systemic lytic state. It has now been convincingly shown 
.that intracoronary therapy does not prevent this oc- 
currence. Our findings indicate that even if it could be 
avoided, the rate of recanalization might decline. 
Therefore, the presumed benefit of intracoronary 
therapy is not only not achieved, but it may not be of 
benefit at all. This adds further support to the cheaper, 
faster and more readily available intravenous route of 
administration. 
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A CALL FOR 
MORE 
COMPETITION 


Competition within the United States keeps foreign competition out. The better 
we are, the harder it is to invade our shores. 


Today the United States has lost the Hi-Fi business, which we created, the TV 
industry, which we also started, the VCR business, which we invented. We 
gave up at least 3096 of the auto industry, which Henry Ford started, and the 
experts say we're slipping in machine tools and heavy machinery. 











Stop blaming it all on the strong dollar, and stop reading if you don't like to see 
these things in print. Besides that, all is not lost. We continue to be first in space 
and satellites, first in computers, first in communications, first in genetic 
engineering and first in agriculture. 

This country is also five years ahead in medical electronics, and, not surprisingly, 
I would like to keep it that way. That's why I want vigorous domestic 
competition — so we, the United States, can maintain our lead in this 
expanding world market. 

Marquette is dedicated to being an aggressive competitor in bringing the 
highest technology to the medical profession, particularly in patient monitoring 
and in electrocardiography. 


I hope our American competitors will do the same. 
Sincerely, 


ACT 


Michael J. Cudahy 
President 


Mar ton lis 


Marquette Electronics, Inc., 8200 West Tower Avenue, Milwaukee, WI 53223 414/355-5000 
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Angina 
Protection 


with Benefits for 
a Lifetime 


ONCE-DAILY CONTROL 
WITH HEART-SAVING BENEFITS 


By reducing heart rate and cardiac contractility, INDERAL LA helps 
protect the heart from the potentially serious and debilitating 
consequences of ischemia. A highly effective antianginal agent for 
around-the-clock control of symptoms, INDERAL LA also provides 
cardiovascular protection for a sense of security in the years ahead. 


PROTECTION AND EXPERIENCE 
NO CALCIUM BLOCKER CAN MAICH 


Unlike calcium blockers, INDERAL LA—either alone or with a 
nitrate—is recommended for early treatment of angina in the 
majority of patients. Equally important, INDERAL LA delivers the 
proven performance and safety profile of INDERAL tablets— 
confirmed by millions of patients during 16 years of clinical use. 


START WITH 80 MG ONCE DAILY 


Dosage may be increased to 160 mg once daily, as needed, to 
achieve optimal control. INDERAL LA should not be used in congestive 
heart failure, sinus bradycardia, cardiogenic shock, heart block greater 
than first degree, and bronchial asthma. Please see next page for 
further details and brief summary of prescribing information. 


ONCE-DAILY 
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. THERAPY IN ANGINA 


e 


_ BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) 
. INDERAL* LA brand of propranolol hydrochloride (Long Acting Capsules) 
_ DESCRIPTION. Inderal LA is formulated to provide a sustained release of propranolol 
_ hydrochloride. Inderal LA is available as 80 mg, 120 mg, and 160 mg capsules. 
NICAL PHARMACOLOGY. INDERAL is a nonselective beta-adrenergic receptor 
. blocking agent possessing no other autonomic nervous system activity. It specifically com- 
petes with beta-adrenergic receptor stimulating agents for available receptor ‘sites. When 
| access to beta-receptor sites is blocked by INDERAL, the chronotropic, inotropic, and 
_ vasodilator responses to beta-adrenergic stimulation are decreased proportionately. 
i. INDERAL LA Capsules (80, 120, and 160 mg) release Sido eR HC! at a controlled and 
|. predictable rate. Peak blood levels following dosing with INDERAL LA occur at about 6 hours 
i and the apparent plasma half-life is about 10 hours. When measured at steady state over a 24- 
hour period the areas under the propranolol plasma concentration-time curve (AUCs) for the 
Renee are approximately 60% to 65% of the AUCs for a comparable divided daily dose of 
JNDERAL tablets. The lower AUCs for the capsules are due to greater hepatic metabolism of 
d propranolol resulting from the slower rate of absorption of propranolol. Over a twenty-four (24) 
hour period, blood levels are fairly constant for about twelve (12) hours then decline 
exponentially 
3 INDERAL LA should not be considered a simple mg for mg substitute for conventional 
-— propranolol and the blood levels achieved do not match (are lower than) those of two to four 
__ times daily dosing with the same dose. When changing to INDERAL LA from conventional 
| propranolol, a possible need for retitration upwards should be considered especially to 
į maintain effectiveness at the end of the dosing interval. In most clinical settings, however, 
~ Such as hypertension or angina where there is little correlation between plasma levels and 
. Clinical effect, INDERAL LA has been therapeutically equivalent to the same mg dose of 
- conventional INDERAL as assessed by 24-hour effects on blood pressure and on 24-hour 
exercise responses of heart rate, systolic pressure and rate pressure product. INDERAL LA 
can provide effective beta blockade for a 24-hour period. 
t e mechanism of the antihypertensive effect of INDERAL has not been established. 
. Among the factors that may be involved in contributing to the antihypertensive action are (1) 
| decreased cardiac output, (2) inhibition of renin release by the kidneys, and (3) diminution of 
-tonic sympathetic nerve outflow from vasomotor centers in the brain. Although total peripheral 
- resistance may increase initially, it readjusts to or below the pretreatment level with chronic 
. use. Effects on plasma volume appear to be minor and somewhat variable. INDERAL has 
- been shown to cause a small increase in serum p ium concentration when used in the 
treatment of hypertensive patients. 
E. In angina pectoris, propranolo! generally redu 
. any given level of effort by blocking the catechola 
- systolic blood pressure, and the velocity and exte 
» May increase oxygen requirements by increasing 
posue and systolic ejection period. The net phys 
. 1$ usually advantageous and is manifested during 
— increased work capacity. 
— .. In dosages greater than required for beta bloc 
.. or anesthetic-like membrane action which affecfs the 
- cance of the membrane action in the treatment of 
DI . The mechanism of the antimigraine effect of p 
— adrenergic receptors have been demonstrated i 













; Beta blockade results in bronchial constriction by interfering with adrenergic bronchodilator 
. activity which should be preserved in patients subject to bronchospasm. 


: | 

_ INDICATIONS AND USAGE. Hypertension: INDERAL LA is indicated in the manage- 

. ment of hypertension; it may be used alone or used in combination with other antihypertensive 
agents, particularly a thiazide diuretic. INDERAL LA is not indicated in the management of 

- hypertensive emergencies 

| ed Pectoris Due to Coronary Atherosclerosis: INDERAL LA is indicated 

for the long-term management of patients with angina pectoris. 

= Migraine: |NDERAL LA is indicated for the prophylaxis of common migraine headache. 

_ The efficacy of propranolol in the treatment of a migraine attack that has started has not been 
established and propranolol is not indicated for such use. 

U^ ic Subaortic Stenosis: INDERAL LA is useful in the management of 

L hypertrophic subaortic stenosis, especially for treatment of exertional or other stress-induced 
. angina, palpitations, and syncope. INDERAL LA also improves exercise performance. The 

- effectiveness of propranolol hydrochloride in this disease appears to be due to a reduction of 

[the elevated outflow pressure gradient which is exacerbated by beta-receptor stimulation. 
- Clinical improvement may be temporary. 

CONTRAINDICATIONS. INDERAL is contraindicated in 1) cardiogenic shock; 2) sinus 
_ bradycardia and greater than first degree block; 3) bronchial asthma; 4) congestive heart 
nu. nd: WARNINGS) unless the failure is secondary to a tachyarrhythmia treatable with 
is INGS. CARDIAC FAILURE: Sympathetic stimulation may be a vital component sup- 
É ele circulatory function in patients with congestive heart failure, and its inhibition by beta 
5 blockade may precipitate more severe failure. Although beta blockers should be avoided in 
overt congestive heart failure, if necessary, they can be used with close foliow-up in patients 
_with a history of failure who are well compensated and are receiving digitalis and diuretics. 
Beta-adrenergic blocking agents do not abolish the inotropic action of digitalis on heart 


cle. 

IN PATIENTS WITHOUT A HISTORY OF HEART FAILURE, continued use of beta blockers 
Can, in some cases, lead to cardiac failure. Therefore, at the first sign or symptom of heart 
failure, the patient should be digitalized and/or treated with diuretics, and the response 
observed closely, or INDERAL should be discontinued (gradually, if possible). 


‘| IN PATIENTS WITH ANGINA PECTORIS, there have been reports of exacerbation of 
| angina and, in some cases, myocardial infarction, following abrupt discontinuance of 
_INDERAL therapy. Therefore, when discontinuance of INDERAL is planned the dosage 
. Should be gradually reduced over at least a few weeks, and the patient should be 
_ Cautioned against interruption or cessation of therapy without the physician s advice. If 
_ INDERAL therapy is interrupted and exacerbation of angina occurs, it usually is advis- 
. able to reinstitute INDERAL therapy and take other measures appropriate for the man- 
agement of unstable angina pectoris. Since coronary artery disease may be 
. unrecognized, it may be prudent to follow the above advice i;, patients considered at risk 
| of having occult atherosclerotic heart disease who are given n"opranolol for other 
| indications. 
. . Nonallergic Bronchospasm (e.9., chronic bronchit.5, emphysema)— 
PATIENTS WITH BRONCHOSPASTIC DISEASES SHOULD IN GENERAL NOT RECEIVE BETA 
BLOCKERS. INDERAL should be administered with caution since it may block bronchodila- 
ndogenous and exogenous catecholamine 
TX. secte 
















Se I cise sade Mt Pi aa Hea 
3 iN ES K Lu i > 3 ELA at AS 





stimulation of beta receptors. 
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LONG ACTING 80 120 160 
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MAJOR SURGERY: The necessity or desirability of withdrawal of beta-blocking therapy 
prior to major surgery is controversial. It should be noted, however, that the impaired ability of 
the heart to respond to reflex adrenergic stimuli may augment the risks of general anesthesia 
and surgical procedures 

INDERAL (propranolol HCI), like other beta blockers. is a competitive inhibitor of beta- 
receptor agonists and its effects can be reversed by administration of such agents, e.g., 
dobutamine or isoproterenol. However, such patients may be subject to protracted severe 
hypotension. Difficulty in starting and maintaining the heartbeat has also been reported with 
beta blockers. 

DIABETES AND HYPOGLYCEMIA: Beta-adrenergic blockade may prevent the ap- 
pearance of certain premonitory signs and symptoms (pulse rate and pressure changes) of 
acute hypoglycemia in labile insulin-dependent diabetes. In these patients, it may be more 
difficult to adjust the dosage of insulin. 

THYROTOXICOSIS: Beta blockade may mask certain clinical signs of hyperthyroidism. 
Therefore, abrupt withdrawal of propranolol may be followed by an exacerbation of symptoms 
of hyperthyroidism, including thyroid storm. Propranolol does not distort thyroid function tests. 

IN PATIENTS WITH WOLFF-PARKINSON-WHITE SYNDROME, several cases have been 
reported in which, after propranolol, the tachycardia was replaced by a severe bradycardia 
requiring a demand pacemaker In one case this resulted after an initial dose of 5 mg 
propranolol. 

PRECAUTIONS. General: Propranolol should be used with caution in patients with impaired 
hepatic or renal function. INDERAL is not indicated for the treatment of hypertensive 
emergencies. 

Beta adrenoreceptor blockade can cause reduction of intraocular pressure. Patients 
should be told that INDERAL may interfere with the glaucoma screening test. Withdrawal may 
lead to a return of increased intraocular pressure. 

Clinical Laboratory Tests: Elevated blood urea levels in patients with severe heart disease, 
elevated serum transaminase, alkaline phosphatase, lactate dehydrogenase. 

DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 
pine should be closely observed if INDERAL is administered. The added catecholamine- 
blocking action may produce an excessive reduction of resting sympathetic nervous activity 
which may result in hypotension, marked bradycardia, vertigo, syncopal attacks, or orthostatic 
hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in animals have 
been conducted to evaluate toxic effects and carcinogenic potential. In 18-month studies in 
both rats and mice, employing doses up to 150 mg/kg/day, there was no evidence of significant 

sin duced toxicity There ng gelated tumorigenic effects at any of the dosage 
not show any impairment of fertility that was 






NDERAL has been shown to be embryotoxic in 
ag than the maximum recommended human dose. 
Ne $d studies in pregnant women. INDERAL should 
E if the potential benefit justifies the potential risk to the fetus. 
RAL is excreted in human milk. Caution should be exercised when 
a nursing woman. 
j in Children have not been established 
effects have been mild and transient and have 


i lure: intensification of AV block; hypo- 
, arterial insufficiency, usually of the 


Central Nervous System: li dedness, mental depression manifested by insomnia, 
lassitude, weakness, fatigue; ri le mental depression progressing to catatonia; visual 
disturbances; hallucinations; an acute reversible syndrome characterized by disorientation for 
time and place, short-term memory loss, emotional lability, slightly clouded sensorium, and 
decreased performance on neuropsychometrics. 

Gastrointestinal: nausea, vomiting, epigastric distress, abdominal cramping, diarrhea, 
constipation, mesenteric arterial thrombosis, ischemic colitis. 

Allergic: pharyngitis and agranulocytosis, erythematous rash, fever combined with aching 
and sore throat, laryngospasm and respiratory distress. 

Respiratory: bronchospasm. 

Hematologic: agranulocytosis, nonthrombocytopenic purpura, thrombocytopenic 
purpura. 

Auto-Immune: |n extremely rare instances, systemic lupus erythematosus has been 
reported. 

Miscellaneous: alopecia, LE-like reactions, psoriasiform rashes. dry eyes, male impo- 
tence, and Peyronies disease have been reported rarely Oculomucocutaneous reactions 
involving the skin, serous membranes and conjunctivae reported for a beta blocker (practolol) 
have not been associated with propranolol. 

DOSAGE AND ADMINISTRATION. INDERAL LA provides propranolol hydrochloride in a 
sustained-release capsule for administration once daily. If patients are switched from IN DERAL 
tablets to INDERAL LA capsules, care should be taken to assure that the desired therapeutic 
effect is maintained. INDERAL LA should not be considered a simple mg for mg substitute for 
INDERAL. INDERAL LA has different kinetics and produces lower blood levels. Retitration may 
be necessary especially to maintain effectiveness at the end of the 24-hour dosing interval 

HYPERTENSION — Dosage must be individualized. The usual initial dosage is 80 mq 
INDERAL LA once daily, whether used aione or added to a diuretic. The dosage may be 
increased to 120 mg once daily or higher until adequate blood-pressure control is achieved. 
The usual maintenance dosage is 120 to 160 mg once daily. In some instances a dosage of 640 
mg may be required. The time needed for full hypertensive response to a given dosage is 
variable and may range from a few days to several weeks. 

ANGINA PECTORIS — Dosage must be individualized. Starting with 80 mg INDERAL LA 
once daily, dosage should be gradually increased at three to seven day intervals until optimum 
response is obtained. Although individual patients may respond at any dosage level, the 
average optimum dosage appears to be 160 mg once daily. In angina pectoris, the value and 
safety of dosage exceeding 320 mg per day have not been established. 

If treatment is to be discontinued, reduce dosage gradually over a period of a few weeks 
(see WARNINGS). 

MIGRAINE — Dosage must be individualized. The initial oral dose is 80 mg INDERAL LA 
once daily. The usua! effective dose range is 160-240 mg once daily. The dosage may be 
increased gradually to achieve optimum migraine prophylaxis. If a satisfactory response is not 
obtained within four to six weeks after reaching the maximum dose. INDERAL LA therapy 
should be discontinued. It may be advisable to withdraw the drug gradually over a period of 
Several weeks. 

HYPERTROPHIC SUBAORTIC STENOSIS— 80-160 mg INDERAL LA once daily. 
PEDIATRIC DOSAGE —At this time the data on the use of the drug in this age group are too 
limited to permit adequate directions for use. 

*The appearance of INDERAL LA capsules is a registered trademark of Ayerst Laboratories. 
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As specialists in magnetics we are also involved 
in the development of highly sophisticated 
diagnostic methods for cardiac diseases. 

Our contribution: design, construction and assembly 
of “walk-about” magnetically shielded rooms which 
provide the facilities for non-contact, magnetic 
measurements of patients’ bio-signals. Since electro- 

magnetic interference IS excluded highly sensitive, 
accurate measurements of the heart lead to new 
medical results. This novel method Is painless and 
avoids surgery at the diagnostic stage. 


VAC- pioneer in magnetically shielded rooms. 






VACUUMSCHMELZE GMBH 


West Germany 
Gruner Weg 37, D-6450 Hanau 1- Phone: (06181) 362-1 : Tx.4 184 863 





VAS 


VACUUMSCHMELZE 






Represented by: VACUUMSCHMELZE c/o Siemens Components, Inc. 
186 Wood Avenue South: Iselin N.J. 08830 Phone (201) 494-3530. Tx WU 844 491 
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Safe from complications 
due to diuretic-induced K*loss 


Unlike some diuretics, Lopressor does not waste potassium or cause 
hypokalemia which has been implicated in cardiac arrhythmias. Some diuretic 
therapy requires professional monitoring for potassium depletion. 





Excellent safety record 


Lopressor is generally well tolerated. Shortness of breath and bradycardia 
have occasionally been reported. Cardioselectivity* offers an added margin 
of safety compared to nonselective beta blockers. 





A safe bet for compliance 


The combination of once-a-day dosage and good tolerability makes 
a Lopressor regimen easy for patients to stay with. 





*Exerts a relative preference for beta-one receptors; this preference is not absolute. 


Contraindicated in heart block greater than first degree, sinus bradycardia, 
cardiogenic shock, and overt heart failure. Side effects with Lopressor are 
generally mild and transient, the most common being tiredness, dizziness, 
depression, and diarrhea. 


Please see next page for Brief Summary of Prescribing Information. 


Lopressor @) 
metoprolol tartrate „ires. 
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Ampuls — 
Prefilled Syringes 


BRIEF SUMMARY 
(FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT) 


INDICATIONS AND USAGE 

Hypertension 

Lopressor tablets are indicated for the treatment of hyperten- 
sion. They may be used alone or in combination with other 
antihypertensive agents. 

Myocardial Infarction 

Lopressor ampuls, prefilled syringes and tablets are indicated 
in the treatment of hemodynamically stable patients with 
definite or suspected acute myocardial infarction to reduce 
cardiovascular mortality. Treatment with intravenous 
Lopressor can be initiated as soon as the patient's clinical 
condition allows (see DOSAGE AND ADMINISTRATION, 
CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
ment can begin within 3 to 10 days of the acute event (see 
DOSAGE AND ADMINISTRATION). 


CONTRAINDICATIONS 

Hypertension 

Lopressor is contraindicated in sinus bradycardia, heart 
block greater than first degree, cardiogenic shock, and overt 
cardiac failure (see WARNINGS). 


Myocardial Infarction 


Lopressor is contraindicated in patients with a heart rate 
« 45 beats/min; significant heart block greater than first 
degree (P-R interval = 0.24 sec); systolic blood pressure 
« 100 mmHg; or moderate-to-severe cardiac failure 

(see WARNINGS). 


WARNINGS 

Hypertension 

Cardiac Failure: Sympathetic stimulation is a vital compo- 
nent supporting circulatory function in congestive heart 
failure, and beta blockade carries the potential hazard of 


. further depressing myocardial contractility and precipitating 







| without the physician's advice (see PRECAUTIONS, 


more severe failure. In hypertensive patients who have 
congestive heart failure controlled by digitalis and diuretics. 
Lopressor should be administered cautiously. Both digitalis 
and Lopressor slow AV conduction. 

In Patients Without a History of Cardiac Failure: Contin- 
ued depression of the myocardium with beta-blocking agents 
over a period of time can, in some cases, lead to cardiac 
failure. At the first sign or symptom of impending cardiac 
failure, patients should be fully digitalized and/or given a 


diuretic. The response should be observed Closely. If cardiac 


failure continues, despite adequate digitalization and diuretic 
therapy. Lopressor should be withdrawn. 


Ischemic Heart Disease: Following abrupt cessation 
of therapy with certain beta-blocking agents, exacerba- 
tions of angina pectoris and, in some cases. myocardial 
infarction have been reported. Even in the absence of 
Overt angina pectoris, when discontinuing therapy, 
Lopressor should not be withdrawn abruptly, and pa- 
tients should be cautioned against interruption of therapy 


Information for Patients). 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 


. BETA BLOCKERS. Because of its relative beta, selectivity, 


. however, Lopressor may be used with caution in patients 
_with bronchospastic disease who do not respond to, or 


cannot tolerate, other antihypertensive treatment. Since 


. beta, selectivity is not absolute, a beta,-stimulating agent 


should be administered concomitantly, and the lowest 
possible dose of Lopressor should be used. In these 
circumstances it would be prudent initially to administer 
Lopressor in smaller doses three times daily, instead of 


larger doses two times daily, to avoid the higher plasma 


levels associated with the longer dosing interval. 


(See DOSAGE AND ADMINISTRATION.) 
Major Surgery: The necessity or desirability of with- 


- drawing beta-blocking therapy prior to major surgery is 
.. Controversial; the impaired ability of the heart to respond to 
- reflex adrenergic stimuli may augment the risks of general 


. anesthesia and surgical procedures. 


Lopressor, like other beta blockers, is a competitive 
inhibitor of beta-receptor agonists, and its effects can be 
reversed by administration of such agents, e.g., dobutamine 
Or isoproterenol. However, such patients may be subject to 
protracted severe hypotension. Difficulty in restarting and 
maintaining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypoglycemia: Lopressor should be used 


_ with caution in diabetic patients if a beta-blocking agent is 

. required. Beta blockers may mask tachycardia occurring with 
. hypoglycemia, but other manifestations such as dizziness and 
 Sweating may not be significantly affected. 


Thyrotoxicosis: Beta-adrenergic blockade may mask 
certain clinical signs (e.g., tachycardia) of hyperthyroidism. 


. Patients suspected of developing thyrotoxicosis should be 


T 


r 


managed carefully to avoid abrupt withdrawal of beta 
blockade, which might precipitate a thyroid storm. 


Printed in U.S.A. (7/85) 536-2998-A ©1985, Geigy. 
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Cardiac Failure: Sympathetic stimulation is a vital compo- — 
nent supporting circulatory function, and beta blockade — 





carries the potential hazard of depressing myocardial con- 
reas and precipitating or exacerbating minimal cardiac 
ailure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment. Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus 
heart rate in most patients: this decrease is greatest among 
patients with high initial heart rates and least among patients 
with low initial heart rates. Acute myocardial infarction 
(particularly inferior infarction) may in itself produce signifi- 
cant lowering of the sinus rate. If the sinus rate decreases 
to < 40 beats/min, particularly if associated with evidence 
of lowered cardiac output. atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
successful, Lopressor should be discontinued, and cautious 
administration of isoproterenol or installation of a cardiac 
pacemaker should be considered. 

AV Block: Lopressor slows AV conduction and may 
produce significant first- (P-R interval 20.26 Sec), second-, 
or third-degree heart block. Acute myocardial infarction also 
produces heart block. 

If heart block occurs, Lopressor should be discontinued 
and atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not successful. 
Cautious administration of isoproterenol or installation of a 
Cardiac pacemaker should be considered. 

Hypotension: !f hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids. 
positive inotropic agents. balloon counterpulsation. or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV block, treatment 
Should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. If bronchospasm not related 
to congestive heart failure occurs, Lopressor should be 
discontinued. A theophylline derivative or a beta, agonist 
may be administered cautiously, depending on the clinical 
condition of the patient. Both theophylline derivatives and 
beta; agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously. as directed, with or immediately following 
meals. If a dose should be missed. the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs, and before 
Surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g.. reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
Study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
Studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 


“(Bat eae CIV 
> 


. Changing the Course of Cardiovascular Care 
ES er, "gus ey E PTT. Pte 


ORR 1 ah ie 
SERUM ORS cE Ge 1o Vicus aUa l 
. Pregnancy Category 


Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg ` 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg). and distribution 
Studies in mice confirm exposure of the fetus when Lopressor 
is administered to the pregnant animal. There are no 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predi 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 


ADVERSE REACTIONS 
Hypertension 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, 
nightmares, and insomnia have also been reported, but a 
drug relationship is not clear. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities; 
arterial insufficiency, usually of the Raynaud type; palpita- 
tions; and congestive heart failure have been reported. (See 
CONTRAINDICATIONS, WARNINGS, and PRECAUTIONS ) 

Respiratory: Wheezing (bronchospasm) has been reported 
in fewer than 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 100 
patients. Nausea, gastric pain, constipation, flatulence, and 
heartburn have been reported in 1 of 100, or fewer, patients. 

Hypersensitive Reactions: Pruritus has occurred in fewer 
than 1 of 100 patients. Rash has been reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Alopecia has been reported. 

The oculomucocutaneous syndrome associated with the 
beta blocker practolol has not been reported with Lopressor. 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 

Cardiovascular: |n the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section. the following adverse reactions were 


reported: 
Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary Origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear, 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium. 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm. and respiratory distress. 
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Continuous Determination of Regional Myocardial 


Blood Flow with Intracoronary Krypton-8 1m 


in Coronary Artery Disease 


WILLEM J. REMME, MD, X. HANNO KRAUSS, MD, 
DIEDERIK C.A. VAN HOOGENHUYZE, MD, PETER H. COX, PhD, 
COCK J. STORM, MD, and DICK A. KRUYSSEN, MD 


Pacing-induced changes in regional coronary flow 
were studied continuously with krypton-8 1m by in- 
tracoronary infusion in 25 patients: 21 with 50% or 
greater diameter narrowing of 1 or more left coro- 
nary arteries (group !) and 4 with less than 50% 
diameter reduction of a left coronary artery (group 
I). No changes occurred in group Il. In group I, 
krypton-8 1m perfusion decreased progressively in 
all areas with more than 7096 diameter narrowing, 
with a simultaneous increase in normal regions. At 
the end of pacing during angina, krypton-8 1m per- 
fusion was reduced to 81 + 4% of control in areas 
with 71 to 9096 diameter reduction (n — 8) and to 
69 + 6% in areas with more than 90% diameter 
narrowing (n — 15). In contrast, in regions with 50 
to 70% diameter reduction changes were variable 
(decrease in 4 regions, increase in 2 and an un- 


Regional changes in myocardial blood flow during 
ischemia have been studied in humans with various 
scintigraphic techniques. After the introduction of the 
rubidium-81/krypton-81m generator,!-^ it was subse- 
quently shown in animal experiments that krypton-81m 
also had the potential to indicate regional myocardial 
flow changes.5-? Selwyn et al*? were the first to dem- 
onstrate coronary flow reductions in areas with a sig- 
nificant coronary stenosis in humans, with krypton-81m 
administered continuously into the aortic sinuses. The 
relation between the magnitude of regional coronary 
flow changes and degree of coronary artery stenosis, 
pot cpm ace ae See SEM e 
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changed distribution in 1 region). Krypton-81n 
perfusion decreased early, before general signs o 
ischemia in areas with more than 90% diamete 
reduction, whereas this decrease occurred later il 
regions with 71 to 90% diameter narrowing, con 
currently with ST-segment changes but before an 
ginal pain. Although all signs of ischemia had dis 
appeared between 2 and 5 minutes after pacing 
changes in krypton-81m distribution persisted i! 
most areas for 5 to 15 minutes after pacing. It i 
concluded that the functional significance of coro 
nary arterial narrowing can be assessed with 
continuous intracoronary infusion of krypton-8 1n 
Changes in regional distribution persisted afte 
cessation of pacing-induced ischemia, indicating a 
ongoing decrease in regional myocardial blood flov 
(Am J Cardiol 1985;56:445-451 


however, was not studied. Also, although the radion 
clide is used more optimally during continuous intr 
coronary infusion, such studies in humans have not be! 
reported, apart from preliminary data from our lab 
ratory.19!! This study investigates the applicability 
this technique and the relation between regional my 
cardial blood flow changes during ischemia and t 
degree of coronary artery stenosis. 


Methods 


All patients gave informed consent. Studies were conduct 
in patients with either documented signs of myocard 
ischemia (positive results with bicycle ergometry test or p: 
itive results on thallium scintigraphy), a previous myocard 
infarction or persistent angina-like complaints without « 
jective signs of ischemia. 

Catheterization procedures: Catheterization was p 
formed after an overnight fast without premedication usi 
the Seldinger technique. Studies were carried out befi 
routine coronary and left heart angiography. After 5,000 
of heparin and 250 mg of Aspégic® (acetylsalicylic acid) wi 
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riven intravenously, a No. 7Fr Judkins or Amplatz left cor- 
mary artery catheter was positioned in the left coronary 
irtery. 

. The occurrence of selective injections in 1 of the branches 
Xf the left coronary artery was then determined during slow 
ind rapid manual contrast injections in both the 30? right 
nferior oblique and 45? left anterior oblique position. All 
ingiographic information was stored on videotape to enable 
echecking of the catheter-tip position during the study. 


counts per area and changes in krypton-81m distribution 
expressed as percentages of control. Fluctuations in kryp- 
ton-81m supply to the left myocardium were accounted for 
by dividing total counts per region by total counts over the 
heart per time frame. When areas with coronary lesions were, 
superimposed, a second study in the 30° right inferior oblique 
position was performed after 30 minutes. 
Electrocardiographic measurements: Leads I, II and Vs 
were continuously monitored for determination of heart rate 


_ After catheterization the coronary angiograms were ana- 
yzed by 2 independent cardiologists, experienced in reporting 
nore than 700 angiograms annually. If there was disagree- 
nent, a quantitative determination was carried out.1? Sig- 
lificant left coronary artery disease (CAD) was taken to be 
resent with a diameter reduction of 50% or greater in 1 or 
nore left coronary arteries. The left coronary artery lesions 
rere separated into 5 categories: normal (0 to 20% diameter 
eduction), insignificant left CAD (20 to 49% diameter nar- 
wing), 50 to 70%, 71 to 90%, and more than 90% diameter 
eduction, respectively. Patients with left main disease or 
jllateral supply from the right coronary artery were excluded 
om the study. Concomitant right CAD was accepted only if 
did not interfere with left coronary flow. 

Scintigraphic procedures: During the study krypton-81m 
as continuously eluted in 5% glucose from a sterile, pyro- 
n-free rubidium-81/krypton-81m perfusion generator, 
dibrated to deliver 20 mCi.!? The eluate was then passed 
irough a 200-nm membrane filter and continuously infused 
ito the left coronary artery at a constant rate of 800 ml/hour. 
fter a 20-minute stabilization period, precordial scanning 
as started in the 45? left anterior oblique position using a 
rinch crystal General Electric Portacamera connected on 
1e with a Medical Data System A? computer. Energy de- 
ction was set on 190 keV + 20%. Images were acquired over 
-second periods and krypton-81m distribution changes 
easured in the various regions of interest, including areas 
th normal coronary arteries, regions with significant left 
AD (50% or greater diameter reduction), total heart, as- 
nding aorta and background areas. Regions of interest were 
nstructed using an electronic lightpen on a visual display 
lit. Movement artifacts were avoided and care was taken 
at successive regions of interest did not differ from the 
iginally constructed areas. Calculations were made of total 
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URE 1. Selective infusion of krypton-81m in the left circumflex 
ry, which has a 71 to 90% diameter reduction (arrow). During 
ing, krypton-8 1m perfusion decreases Clearly in the poststenotic 
t before angina occurs with a simultaneous increase in the pre- 
otic region. 





and ST-segment changes. 

Study protocol: Approximately 60 seconds after initiation 
of the infusion, an equilibrium was reached in the regions 
studied. During the following 10-minute control period, 
krypton-81m distribution was continuously monitored and 
the distribution pattern measured during several 15-second 
periods. With the occurrence of streaming, i.e., distribution 
changes of more than 5%, the catheter was either repositioned 
or replaced, or a superselective perfusion of the coronary 
branch of interest was carried out. When this was unsuccessful 
the study was terminated. 

After the control period, atrial pacing was carried out with 
increments of 10 beats/min until angina, atrioventricular block 
or a maximal pacing heart rate of 170 beats/min occurred. 
Krypton-81m distribution was monitored continuously during 
the pacing period and until 5 minutes after pacing. However, 
in most patients repeated studies were carried out and 
monitoring usually was performed until 15 minutes after 
pacing. 

Statistical analysis was performed using the Student ż test 
for unpaired and paired values. All values are expressed as 
mean + 1 standard error of the mean. 


Results 


In 3 patients, streaming artifacts occurred during the 
control period. One patient was excluded. In the other 
2 patients, a superselective infusion was carried out in 
a stenosed coronary artery branch. In both studies, a 
normal area and an area of stenosis were present, which 
allowed for satisfactory information about krypton-81m 
distribution changes during pacing (Fig. 1). 

Complete studies were performed in 25 patients, 21 
men and 4 women, aged 36 to 66 years (mean 54), either 
with significant left CAD (50% or greater stenosis, n — 
21, group I) or no left CAD (less than 50% stenosis, n — 
4, group II). Patient data and angiographic findings are 
listed in Table I. In group I, 15 areas with more than 
90%, 8 with 71 to 90% and 7 with 50 to 70% diameter 
reduction of a left coronary artery were present. Ten 
patients had electrocardiographic signs of an old myo- 
cardial infarction. In another 5 patients, the left ven- 
triculogram showed wall motion abnormalities at rest 
in areas corresponding with significant left CAD. In 3 
patients, an inferior myocardial infarction with a 100% 
occlusion of the right coronary artery and collateral 
supply from the left coronary artery were present. 

Krypton-81m distribution at rest: Krypton-81m 
distribution was stable throughout the control period 
with a count rate of 250,000 to 300,000 counts/min. 
Total counts over the heart and aorta showed minor 
fluctuations (less than 5%), and background counts were 
negligible. T'he distribution pattern over the left heart 
was normal in 17 patients in group I and all patients in 

group II (Table I). Although none of the other 4 patients 
in group I had signs of myocardial ischemia, a stable 
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TABLE I| Krypton-81m Distribution Changes During and After Pacing (96 of Control) 
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Pacing Periods 
eee 
Areas with 
LCAD 100 beats/min 120 beats/min AP 15 sec P-P 1 min P-P 5 min P-P 
>90% (n = 15) 81+ 4* TT: 7.5* 69 + 6* 79 + 6° 81:7" 84 + 4* 
71-90% (n = 8) 97 12 87 + 4* 81+ 4° 81+ 3° 83 + 5.5* 87 = 2° 
Normal (n = 21) 110 + 3° 116 + 3° Ly e M 121 7* TI9 X 7* 1Ti9z5* 


+ p <0.05 vs control values. 


_ AP = anginal pain; LCAD = left coronary artery disease; P-P = postpacing. 


pattern of decreased krypton-81m distribution was 
found in 5 areas with more than 90% diameter reduc- 
tion, of which 4 corresponded with documented old 
myocardial infarctions. 

Pacing study period: Maximal paced heart rates 
vere similar in both groups (137 + 4 beats/min in group 
: and 132 + 8 beats/min in group II). In 19 patients in 
sroup I and in all patients in group II, pacing was dis- 
'ontinued because of chest pain. It was was first noted 
it a mean heart rate of 122 + 4 beats/min in group I and 
it 114 + 10 beats/min in group II (difference not sig- 
uificant), and lasted for 2.2 + 0.47 minutes after pacing 
n the group with left CAD and for 2.5 + 0.65 minutes 
n group II (difference not significant). Significant 
'T-segment changes occurred in 18 patients in group 
, but the ST segment returned to baseline values be- 
ween 2 and 5 minutes after pacing in all but 2 areas. In 
roup II, ST-segment changes occurred in 2 patients 
vith a 100% occlusion of the right coronary artery. 
 Krypton-81m distribution during and after 
acing: Background activity remained unchanged 
luring pacing, and significant reflux of krypton-81m in 
he aorta did not occur. In some patients administration 
f total krypton-81m decreased slightly during the study 
eriod with a decrease in total counts over the heart and 
he aorta of 3-596. 


Areas with less than 50% diameter reduction: In 
group II patients, krypton-81m distribution did not 
change in the normal areas or in the regions with less 
than 5096 diameter narrowing of a left coronary artery, 
although small fluctuations (less than 596 of control) 
were observed. 

Areas with more than 90% left coronary artery 
disease: In areas with more than 90% diameter nar- 
rowing a continuous decrease in krypton-81m perfusion 
was found, starting early after the onset of pacing, be- 
fore angina or ST-segment changes. An example is 
shown in Figure 2. Mean values of distribution changes 
in areas with more than 90% diameter reduction are 
listed in Table II, as well as the measured values over 
normal areas. The temporal relation with the occurrence 
of angina and ST-segment changes is displayed in Fig- 
ure 3. At 100 beats/min, krypton-81m perfusion de- 
creased to 81 + 4% of control (p «0.05 vs control), 
gradually decreasing thereafter to 69 + 6% of control at 
the end of pacing during anginal pain. This progressive 
decline in krypton-81m distribution of early onset 
during pacing was found in 12 areas with more than 90% 
diameter narrowing. In 2 other regions, a late decrease 
in perfusion was observed toward the end of pacing 
(Table III). A late increase in krypton-81m perfusion 
during pacing was observed in an area with 100% oc- 





SURE 2. Krypton-8 1m distribution changes in a patient with a proximal (more than 90%) diameter reduction in the left anterior descending artery 
TOW). At rest there is equal perfusion of both normal and abnormal areas (A). During pacing a progressive decrease in krypton-81m perfusion 
the poststenotic area is observed with significant changes already at 100 and 120 beats/min (B and C), before the occurrence of ST-segment 
anges (140 beats/min, D) and angina (160 beats/min, E). No change 15 seconds after pacing (F), and, thereafter, a very slow return to the control 
uation, which is still not reached 15 minutes after pacing (G, 8 minutes after pacing; H, 15 minutes after pacing). 
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TABLE ill Number of Areas with Krypton-81m Distribution Changes During and After Pacing 
Krypton-8 1m Distribution 


During Pacing 
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Normal Early Late 
Decrease 


Areas with 


>90% (n = 15) 0 12 2 
71-90% (n = 8) 0 4 E 
1 2 2 
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Decrease 


LCAD Unchanged 
1 0 4 11 d 
6 


After Pacing 


DEE n> 


Return to Control 





Early Late — 
(<5 min) (>5 min) - 


Increase Unchanged 


i 
3. ay 


Ono 
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© Who 


50-70% (n = 7) 
<50% (n = 4) 4 0 0 


LCAD = left coronary artery disease. 


clusion and anterograde collaterals with diminished 
krypton-81m uptake at rest. In the other areas with 
diminished krypton-81m distribution at rest, perfusion 
decreased even more during pacing with a iate return 
to the control situation after pacing (Fig. 4). 

Although krypton-81m perfusion had increased 
slightly 15 seconds after pacing, it was still diminished 
5 minutes after pacing. In some patients, krypton-81m 
distribution was still abnormal, even 15 minutes after 
pacing. In only 4 of the 15 areas with more than 90% 
diameter reduction did krypton-81m distribution nor- 
malize within the 5-minute period after pacing. 

Left coronary artery disease (71 to 9070 stenosis): 
Krypton-81m perfusion decreased in all regions with 71 
to 90% diameter narrowing of a left coronary artery 
during pacing. Changes occurred later than in the group 
with more than 90% diameter reduction (Table IT), in 
some areas only halfway or toward the end of pacing. 
However, a significant decrease to 87 -+ 4% of control (p 
«0.05 vs control) was found at 120 beats/min. During 
anginal pain, krypton-81m distribution had further 
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FIGURE 3. Mean values of krypton-8 1m distribution changes in areas 
with 7 1 to 832% and more than 90% diameter reductions and in normal 
regions. Te: aporal relation with the occurrence of angina and ST-seg- 
ment changes is seen. Krypton-8 1m perfusion is significantly reduced 
already at 100 beats/min in areas with more than 9096 diameter nar- 
rowing before signs of ischemia. In regions with 71 to 9096 diameter 
reduction this occurs later, at 120 beats/min, concurrently with ST- 
segment changes, but before angina. Krypton-8 1m distribution is still 
reduced 5 minutes after pacing, in areas with both 7 1 to 9096 and more 
than 90% diameter reduction. N.S. = not significant; P-P = post- 


pacing. 
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decreased to 81 + 4%, remained unchanged 15 seconds. 
after pacing and thereafter slowly increased to 87 + 2% 
of control 5 minutes after pacing (p <0.05 vs control 
(Fig. 3]). At this period krypton-81m perfusion was still 
diminished in 6 areas (Table III). x 

Left coronary artery disease (50 to 70% stenosis): 
The response to pacing was variable in areas with 50 to 
70% diameter reduction (Table III). In 4 patients with 
a 1-vessel lesion, krypton-81m perfusion diminished 
during pacing in 3 and remained unchanged in 1 patient. 
In the multivessel group either a decrease (1 patient) or 
an increase (2 patients) was found. | 





Discussion aft 

Krypton-81m is a biologically and chemically inert 
radionuclide with a 13-second half-life, which is short 
in relation to myocardial transit time. This implies that 
during continuous administration the process of equi: 
librium is affected only in a very small percentage by 
tracer washout and that background counts are negli 
gible. In eluted form, krypton-81m is soluble in plasm: 
and diffuses freely through capillary membranes. 
During continuous administration into the coronar) 





CONTROL 140 BEATS/MIN 180 BEATS/MIN 





1 MIN POST-PACING 5 MIN POST-PACING 


FIGURE 4. Krypton-8 1m distribution in a patient with a proximal 100' 
occlusion of the left anterior descending artery, anterograde collatere 
and anterior and septal dyskinesia. At rest, krypton-8 1m perfusion 
already diminished over the peripheral area of the left anterior d 
scending artery (arrow) and becomes almost nonexistent during pacin 
although angina does not occur. Krypton-8 1m distribution does n 
return to control 5 minutes after pacing. a 
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rterial system, the radionuclide will readily equilibrate 
tself in the myocardial vascular and extravascular 
ompartments,!? and a stable distribution pattern is 
'btained approximately 60 seconds after the onset of 
idministration. 
Sources of misinformation: During intracoronary 
idministration, streaming may occur because of im- 
roper mixing of the radionuclide with blood in the left 
nainstem, which results in an uneven and usually un- 
table distribution pattern. This phenomenon was ob- 
erved in 3 patients in this study during the control 
ieriod. In another 5 areas, krypton-81m perfusion was 
bnormal and was reduced as well during control; 
iowever, these abnormalities in perfusion were stable 
nd only found in regions with more than 90% diameter 
eduction, corresponding with an old myocardial infarct 
r with an abnormal left ventriculogram. They were 
lassified as true decreases in myocardial blood flow. 
inother possible source of false information could be 
change in catheter-tip position caused by the fast 
10vements of the heart during pacing. An immediate 
eturn to the control position after pacing with a prompt 
ormalization of the krypton-81m distribution pattern 
rould then be expected. This only happened in 1 pa- 
ient. In most patients krypton-81m distribution nor- 
ialized only late after pacing, which makes this hy- 
othesis very unlikely. 

 Krypton-81 m distribution changes in relation to 
he degree of left coronary artery disease: Abnormal 
rypton-81m distribution was found at rest or during 
acing in all areas with more than 7096 diameter nar- 
owing, and in none of those with less than 50% diameter 
eduction. This finding signifies the usefulness of the 
adionuclide as an indicator of coronary flow changes 
then given through the intracoronary route. The fact 
aat distribution changes occur early in severe CAD 
nore than 90% diameter reduction), but later with 
ioderate lesions (71 to 90% diameter narrowing), also 
iggests that the remaining vasodilatory reserve ca- 
acity is detected adequately with this technique. 
Although coronary diameter reductions of 50 to 70% 
re generally believed to be significant, krypton-81m 
istribution changes were variable in areas with 50 to 
J% diameter narrowing. In 3 of the 7 regions krypton- 
lm perfusion either remained unchanged (1-vessel 
AD) or increased (multivessel CAD) during pacing, 
idicating an intact vasodilatory reserve capacity. Al- 
10ugh these findings suggest that the functional sig- 
ificance of a 50 to 70% diameter reduction can be as- 
'ssed correctly with this technique, more observations 
'e needed to reach definite conclusions as to its use- 
iIness. 

Krypton-81m distribution changes after pacing: 

persistent decrease in krypton-81m perfusion was 
und in 17 of 23 areas with more than 7096 diameter 
wrowing lasting more than 5 minutes after pacing. To 
ir knowledge, this finding has not been described in 
mparable studies of pacing-induced changes in 
yocardial blood flow. Changes are reported to nor- 
alize without specification of the time required or to 
turn to control values within a few minutes after 
icing.? 'The pathophysiologic characteristics under- 
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lying the long-lasting reductions in regional krypton- 
81m perfusion after pacing are difficult to understand. 
Because total left coronary flow returns to control values 
within 2 minutes after pacing,!® the implication is that 
a persistent reduction occurs in regional flow. A possible 
explanation could be persistent poststenotic vasodila* 
tion due to continuous adenosine release in the ischemic 
areas after pacing. This could lead to a decrease in 
perfusion pressure and an increase in stenosis resis- 
tance,’ which then may result in a continuous redis- 
tribution of krypton-81m from the area of stenosis to 
normal, low resistance areas. Previous observations that 
coronary sinus hypoxanthine levels are elevated 5 
minutes after pacing in patients with angina,!? strongly 
suggest this continuous adenosine release to occur. 
Persistent changes in krypton-81m activity may occur 
also as a result of dyskinesia and local wall thinning in 
the ischemic area. However, because ischemic wall 
motion abnormalities are reported to normalize with- 
in 5 minutes after pacing,!? this seems rather unlikely. 

Comparison with other imaging techniques: In 
the present study, a decrease in krypton-81m perfusion 
was found in all areas with more than 7096 coronary di- 
ameter reduction. This finding indicates that the 
method has a greater sensitivity for detecting func- 
tionally significant lesions than noninvasive methods 
like quantitative thallium-201 planar or tomographic 
imaging.?9?! It also compares favorably with myocardial 
imaging, using labeled macroaggregated albumen by 
intracoronary injection. Although with this technique, 
perfusion abnormalities were observed in 37 of 39 pa- 
tients with significant CAD, imaging defects did not 
occur in all of the areas with more than 7096 diameter 
reduction.?? Precordial mapping with xenon-133 re- 
sulted in a near complete separation between func- 
tionally significant and insignificant coronary lesions.?? 
Some of the characteristics of xenon-133 (e.g., low- 
energy spectrum, some recirculation and affinity for 
fat tissue) and the time needed for the determination 
of washout curves?^? are limiting factors, particularly 
in repeated studies with short intervals in the same 
patient. 

Digital coronary angiography provides a new, alter- 
native technique for the evaluation of coronary flow 
reserve by measuring myocardial contrast appearance 
time. With this technique, an abnormal transit time and 
thus, presumably, a decrease in regional flow can be 
detected in areas with significant CAD.?6 Changes are 
also found, however, with 30 to 40% diameter reduc- 
tions, which do not agree with our results. Whether this 
means that digital coronary angiography has a greater 
sensitivity in the estimation of coronary flow reserve has 
to be investigated further in comparative studies, which 
includes the determination of ischemia as well. 

Selwyn et al? originally reported on the use of kryp- 
ton-81m, given nonselectively in the aortic root with a 
specially designed catheter. Although regional perfusion 
abnormalities were found in practically all patients with 
significant CAD, various areas with more than 70% di- 
ameter narrowing were not described as abnormal in 
patients with multivessel disease.? This difference with 
our results may be attributable to a somewhat slower 
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. perfusion of an otherwise similar generator. Combined 
with the relatively low influx of the radionuclide into 
the coronary system, when administered into the aortic 
‘sinuses, this may have resulted in a significant lower 
precordial count rate. Also, their studies do not clarify 
whether all significant coronary lesions or only scin- 
tigraphically abnormal areas were studied. 

Limitations of the technique: Contrary to other 
precordial mapping techniques,?.?? only distributional 
changes and not coronary flow changes in absolute 
quantities can be measured when intracoronary infusion 
of a constant amount of radionuclide is given. Whether 
the observed changes really represent a regional de- 
crease in coronary blood flow is impossible to know. A 
redistribution of radioactivity from areas with limited 
vasodilatory reserve and diminished increase in flow 
during pacing to normal areas can result in the observed 
changes in krypton-81m perfusion as well. 

In 7 of the 25 patients, spontaneous anginal attacks 
occurred, usually late after the first pacing stress test—a 
large percentage in our experience. This result could 
be due to the relatively long periods of continuous, 
low-speed intracoronary infusions. Intermittent ad- 
ministration, alternating with flushing of the cath- 
eters, should therefore be considered in subsequent 
studies. 

Clinical implications: The intracoronary adminis- 
tration of krypton-81m ensures the delivery of sufficient 
radioactivity to measure distribution changes at short 
time intervals. This is important in situations in which 
myocardial blood flow varies continuously, e.g., during 
pacing or administration of vasoactive agents. Its short 
half-life ensures selective imaging of the target organ 
without background activity, whereas radiation of the 
patient is limited to the investigation period only. The 
major drawback of the technique is that it is invasive 
and depends on proper mixing with blood in the left 
coronary mainstem. It is our opinion that during a 
10-minute observation period before pacing, improper 
distributional changes and streaming artifacts can be 
recognized and corrected. Changes thereafter, during 
pacing, reflect real alterations in myocardial blood flow, 
whether this is a true decrease or only an impaired in- 
crease in flow compared with normal regions. This 
technique may enable the clinician to better understand 
the functional significance of the lesion and may facil- 
itate a proper decision on the right therapy, especially 
in areas with 50 to 7096 coronary diameter reduction. 

Finally, the observation in this study of perservering, 
long-lasting perfusion abnormalities after pacing em- 
phasizes the importance of a sufficiently long interval 
between repetitive atrial pacing stress tests in order to 
obtain reproducible pacing-induced myocardial 
ischemia.? 
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Dipyridamole-Echocardiography Test 
in Effort Angina Pectoris 


EUGENIO PICANO, MD, ALESSANDRO DISTANTE, MD, MICHELE MASINI, MD, 
MARIA AURORA MORALES, MD, FABIO LATTANZI, MD, and ANTONIO L'ABBATE, MD 


his study assesses the clinical feasibility and 
sefulness of dipyridamole infusion for the detection 
f coronary artery disease (CAD) by using 2-di- 
1ensional echocardiography (2-D echo) and 12- 
^ad electrocardiographic monitoring. Dipyridamole 
fusion (0.14 mg/kg/min for 4 minutes) was per- 
»rmed in 66 consecutive patients with effort chest 
ain and in 9 control subjects. Among the 28 patients 
lith positive dipyridamole-echocardiography test 
esponses, 18 had diagnostic electrocardiographic 
hanges (ST-segment depression on anterolateral 
^ ads), but these changes were unrelated to the site 
f asynergy. The dipyridamole-echocardiography 


lipyridamole infusion causes marked selective coronary 
ilatation. Its use has been proposed in combination 
ith thallium-201 scintigraphy as a provocative test for 
etecting coronary artery disease (CAD),'? although 
positive thallium-201-dipyridamole test response does 
ot necessarily imply myocardial ischemia.?-* The ra- 
onale for studying patients using echocardiographic 
ionitoring in combination with dipyridamole infusion 
lipyridamole-echocardiography test) is that dipy- 
damole has the potential to induce subendocardial 
ichemia in the presence of significant CAD.'? Exper- 
nental studies have shown that subendocardial 
ichemia may provoke regional asynergy before the 
ppearance, or even in the absence, of electrocardio- 
raphic (ECG) ischemic changes. Furthermore, 2- 
imensional (2-D) echocardiography (echo) is a clini- 
ally reliable method of detecting myocardial ischemia, 
oth at rest^? and during exercise,?-!? by showing 
antricular abnormalities of motion. Theoretically, the 
ipyridamole-echo test may detect myocardial ischemia 
iore directly than the thallium-201-dipyridamole test 
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test had an overall sensitivity of 5696 and specificity 
of 100% for the presence of CAD. Exercise stress 
testing (EST) had an overall sensitivity of 6296 and 
a specificity of 80%. Thus, the dipyridamole- 
echocardiography test, which is feasible in essen- 
tially all patients with good basal echocardiograms, 
has a lower overall sensitivity in detecting CAD than 
EST but a higher specificity, detects the site of ap- 
parent ischemia as identified by regional asynergy 
more precisely than EST, and can unmask electro- 
cardiographically silent effort ischemia. 


(Am J Cardiol 1985;56:452-456) 


because it relies on transient regional asynergy as its 
diagnostic endpoint. 

The dipyridamole-echo test was therefore performed 
in 66 consecutive patients referred to our hospital with 
exertional chest pain and a presumptive diagnosis of 
CAD. This study assesses the clinical feasibility of the 
test and its relative sensitivity and specificity compared 
with the exercise stress test (EST) for the detection of 
significant CAD. 


Methods 


Characteristics of patients: Sixty-six patients (58 men, 
8 women), mean age 50 years (range 25 to 67), with a techni- 
cally satisfactory baseline echo examination, were enrolled 
in the study. All patients had a presumptive diagnosis of CAD 
when entering the study; 52 had history of typical exertional 
angina and 14 had atypical chest pain on effort. We excluded 
from the study patients with unstable angina, uncompensated 
congestive cardiac failure, congenital or valvular heart disease 
or documented cardiomyopathy. Nine patients had a history 
of myocardial infarction with diagnostic enzyme or ECG 
changes. 

Patients entering the study had discontinued calcium an- 
tagonist and nitrate therapy for at least 48 hours and £- 
blocking drugs for at least 15 days. All patients gave informed 
consent before entering the study. 

We also studied a control group of 9 subjects (aged 20 to 25 
years). All of these subjects were asymptomatic, had a negative 
EST and no family history of CAD. 


o 0» 


TABLE! Patient Categories 
| 


1-vessel 2-vessel 3-vessel - 
T + + 


Group (Controls) I 
CAD 0 0 
. Symptoms 0 + 
No. of pts 9 16 
Echo + 0 (096) 0 (096) 
EST + 0 (096) 5 (3196) 


No statistically significant difference was present between the 2 tests for any of the 5 groups. 
CAD = coronary artery disease; Echo + = patients with positive dipyridamole-echo test; EST + = " 
patients with positive exercise stress test; symptoms = history of effort chest pain. sS 


Patients were instructed to fast for at least 3 hours before 
the test and specifically to avoid coffee and tea. 

Exercise stress test: All patients performed a multistage 
bicycle ergometer test, with an initial load of 25 W and sub- 
sequent increments of 25 W every 2 minutes. A 12-lead elec- 
trocardiogram and blood pressure were recorded basally and 
each minute. Endpoints of the test were unbearable chest pain 
or diagnostic ST-segment shift (more than 0.15 mV 0.08 sec- 
ond after the J point). 

Dipyridamole-echocardiography test: Dipyridamole was 
infused through a 21-gauge butterfly needle placed in an an- 
tecubital vein at 0.14 mg/kg/min for 4 minutes, a dosage well 
beyond the range achieved with oral therapy. This dose is used 
in thallium imaging studies and is reported to produce max- 
imal coronary vasodilation in experimental studies! without 
significant clinical side effects.? During the procedure, the 
blood pressure was recorded each minute with a cuff sphyg- 
momanometer. Aminophylline (240 mg), which promptly 
reverses the effects of dipyridamole, was available. 

Electrocardiographic monitoring: The ECG lead that 
showed the most marked changes during EST was contin- 
uously displayed on the echo monitor. A 12-lead electrocar- 
diogram was taken basally and every 30 seconds after starting 
the intravenous infusion. 

Echocardiographic examination: Two-dimensional 
echocardiograms were continuously recorded during the di- 
pyridamole infusion and up to 20 minutes after the end of the 
infusion. Commercially available wide-angle, phased-array 
imaging systems (Aloka SSD 800, 2.5-MHz transducer and 
Hewlett Packard model 77020, 3.5- and 5.0- MHz transducers) 
were used. All standard echocardiographic views (parasternal 
and subxiphoid long- and short-axis, apical 4-chamber and 
2-chamber) were obtained when possible.!? Images were dis- 
played in real time at a rate of 30 frames/s and were recorded 
using a 3/4-inch U-Matic tape (videorecorder Sony VO-5800 
PS) cassette recorder. Images were then available for replay 
in normal or slow motion, or in single-frame presentation. 

Reproducibility study: Twenty-six patients (14 positive 
and 12 negative study responses), randomly chosen, repeated 
the test "single blind" twice more, on 2 consecutive days: once 
with dipyridamole and once with placebo infusion, in random 
order. 

Angiographic study: All patients underwent selective 
coronary arteriography, using either the Judkins or the Sones 
technique. Multiple views of each vessel were filmed. 

Data analysis: Echocardiographic data: 'Two independent 
observers reviewed all echocardiograms. When there was a 
disagreement about the results, a third observer reviewed the 
study and the subsequent majority judgment was binding. 
None of the 3 observers had access to angiographic findings 
before their interpretation. For purposes of analysis, the left 
ventricle was separated into 4 segments in each of the major 
echocardiographic views: septal-lateral wall, inferoposterior 
wall and apical.!? According to the generally accepted quali- 
tative analysis adopted in similar echocardiographic studies, 
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11 (37%) 10 (7196) 7 (10096) 3 
18 (6096) 8 (62%) 5 (7196) | 


the wall motion was graded as hyperkinetic, normal, hypoki- 
netic, akinetic and dyskinetic.5-1? | 

For each study wall motion was assessed basally and at peak - 
changes after dipyridamole. Each observer also recorded the j 
time at which hyperkinesia occurred and the time of onset ey 
hypokinesia. x 

Of the 101 studies analyzed (66 patients, 9 controls, 26 re- 
producibility studies) the interpretation of the test (regarding - 
positivity vs negativity) was unanimous in 98, while in 3 cases - 
there was a split decision. This high interobserver agreement. 
was a result of several factors: Most study results were normal - 
(it is easier in these cases to have full agreement); the readers — 
agreed i in advance not to record minor degrees of hypokinesia; 
primary reliance was placed on changes from baseline to peak 
dipyridamole; and the investigators had previous exponen 
in joint reading. 

As far as the extension, grading and timing of the asynergy 
were concerned, a consensus decision was reached. 

It was also agreed in advance that when motion varied 
within a region, the most severe grade of abnormality had to 
be chosen (e.g., septal akinesia was judged when a hyperkinetic j 
proximal septum and an akinetic distal septum were present 
simultaneously). 

Electrocardiographic data: ECG tracings, both those re- - 
corded after dipyridamole infusion and during effort, were 
considered diagnostic for myocardial ischemia when ST- 
segment depression of at least 0.15 mV compared with basal 
levels occurred. 

Angiographic data: Two independent observers unaware. 
of echocardiographic and clinical data analyzed coronary 
angiograms for the degree of stenosis in right, left main, left 
anterior descending and left circumflex (or marginal) coronary 
arteries. A vessel was considered to have significant obstruc- 
tion if its diameter was narrowed by 70% or more. When there 
was a disagreement about the degree of stenosis, a third ob- 
server reviewed the study and the judgment was binding. 

Statistical analysis: Differences between the results of 
dipyridamole-echo test and the EST were compared using the 
chi-square test. Differences in hemodynamic values before and 
after dipyridamole infusion were tested for significance by the 
paired t test. Intergroup differences, basally and after dipy- 
ridamole, were tested for significance by analysis of variance, 
with subgroup analysis by Neumann-Keuls test. 


Results 


Each dipyridamole-echo test required approximately 
30 minutes for completion, from preparation to the end 
of the recovery period. Two-dimensional echocardio- 
graphic studies were adequate for analysis in all pa- 
tients. On the basis of coronary angiography the 9 con- 
trol subjects and the 66 patients were separated into 5 
categories as listed in Table I. i 

Echocardiographic findings after dipyridamole: 
Most patients showed a transient hyperkinetic ov 
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TABLE I| Dipyridamole Test: Hemodynamic Findings in the 50 Patients with Coronary 








Artery Disease 
CAD Pts with CAD Pts with Negative 
Positive Tests (28 Cases) Tests (22 Cases) 
Max Max P 
Onset Hemodynamic Hemodynamic 
Basal Asynergy Changes Basal Changes 
Heart rate (beats/min) 73414 188412 t102 16 71414 944117 
Systolic blood 
pressure (mm Hg) 136 +18 711262 19 *143420 131422 127+21 
Diastolic blood 
pressure (mm Hg) 83111 .*'77:k 11 t87 + 13 77+9 73 + 11 
Double product 
[(mm Hg X beats/min) X 100] 99424 *110420 1145431 94+ 25 12 + 24! 


* p <0.05; t p «0.01. 
Values are compared with basal. 


ifter dipyridamole (Fig. 1), which reached its peak 30 
ieconds to 6 minutes after the end of the infusion. After 
his hyperkinetic phase, 47 subjects (including all con- 
rol subjects and 38 patients with suspected CAD) 
ihowed a normal contraction pattern within 10 to 15 
ninutes after the end of the infusion; these test results 
vere considered negative for ischemia. Twenty-eight 
atients, immediately after the hyperkinetic phase, 
howed transient regional asynergy (akinesia in 13 and 
1ypokinesia in 15, Fig. 1); these test results were con- 
üdered positive. 

The onset of asynergy was detected within 1 to 8 
ninutes after the end of the infusion. The myocardial 
vall with dipyridamole-induced asynergy was septal in 
4 patients, apical in 2, posterior in 3, lateral in 5, and 
»osterior and lateral in 4. The unaffected walls of the 
eft ventricle showed normal or hyperkinetic contraction 
'attern (unless an asynergic region was present on the 
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echocardiogram at rest), indicating that the ischemia- 
induced asynergy was localized (Fig. 1). 

Electrocardiographic findings after dipyrida- 
mole: Of the 28 patients with positive test responses, 
18 had diagnostic ECG ischemic changes on the anterior 
leads. The site of ST depression was not strictly related 
to the site of asynergy. Of the 38 negative results 6 (2 in 
patients without CAD) showed diagnostic ST-segment 
depression on anterior leads. 

Occurrence of chest pain: Thirty-one patients had 
chest pain of variable intensity and duration: 19 patients 
had positive responses and 11 had negative responses 
(5 of whom did not have CAD). Of these 11 patients with 
negative echocardiographic finding and anginal pain, 
1 patient (without CAD) also had diagnostic ECG 
changes. 

Hemodynamic findings after dipyridamole 
(Table IT): The 22 patients with CAD who had negative 


FIGURE 1. Two-dimensional echocar- 
diograms taken from parasternal 
long-axis view. Top, end-diastole (E-D); 
bottom, end-systole (E-S). During basal 
conditions (left), a normally contracting 
septum and posterior wall are shown. 
One minute after the end of dipyrida- 
mole infusion, a hyperkinetic phase 
occurs (middle), characterized by a 
slight reduction of the systolic ventric- 
ular cavity and an augmented systolic 
thickening of both walls; there is no 
difference between the basal and hy- 
perkinetic diastolic pictures. Four 
minutes later ischemia develops (right); 
at this point the diastolic ventricular 
cavity is dilated and the septum is 
shifted toward the right ventricle; in 
systole the cavity is dilated; the septum 
is akinetic, while the posterior wall still 
has a hyperkinetic pattern. Coronary 
angiography showed 1-vessel disease 
with 9096 proximal stenosis of the left 
anterior descending artery. 
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.. test results had significantly incteanbd heart rate and 
= double product. 

In the 28 patients with positive responses, at the onset 
of ischemia (assessed echocardiographically), heart rate 
and double product significantly increased, while both 
diastolic and systolic blood pressure tended to decrease. 
At the peak of the ischemic phase, the heart rate and 
double product increased further, whereas diastolic and 
systolic blood pressure returned to values significantly 
higher than the basal levels. 

Correlation with angiographic findings: At car- 
diac catheterization, 50 of the 66 patients were found 
to have CAD. Thirty patients had 1-vessel, 13 had 2- 
vessel and 7 had 3-vessel disease (Table I). 

The dipyridamole-echo test showed a pattern of 
sensitivity that better parallels the angiographically 
assessed severity of CAD than EST. 

In relation to CAD, the overall sensitivity of the di- 
pyridamole-echo test was 56% and specificity was 100%. 
The overall sensitivity of EST was 62% and specificity 
was 80%. 

Reproducibility of the test: In the 26 patients who 
repeated the test (using placebo infusion once), the 
echocardiographic ECG and hemodynamic findings 
after dipyridamole were reproducible. 'T'he second test 
was performed and interpreted by physicians who were 
unaware of the results of the first test. 

Adverse effects of dipyridamole: No patients had 
significant arrhythmias or severe hypotension (decrease 
of more than 40 mm Hg). Twenty-eight patients, in- 
cluding those who had repeat studies, received intra- 
venous aminophylline (240 mg) for obvious asynergy or 
severe chest pain; in all cases symptoms quickly resolved 
after aminophylline injection. 


Discussion 


In our population of patients with chest pain syn- 
drome (exertional angina or atypical chest pain on ef- 
fort), the dipyridamole-echo test offered meaningful 
information and was a useful complement to the routine 
EST. Compared with EST, the dipyridamole-echo test 
had a lower overall sensitivity in detecting CAD, but a 
higher specificity. In contrast to EST, the dipyrida- 
mole-echo test detected the site of acute myocardial 
dysfunction accurately and unmasked electrocardi- 
ographically silent myocardial ischemia. 

The relatively low prevalence of advanced CAD in 
this population may have reduced sensitivity of both the 
dipyridamole-echocardiographic test and EST. 

Mechanism of dipyridamole-induced regional 
asynergy: The transient regional asynergy seen in some 
patients may be caused by ischemia provoked by di- 
pyridamole infusion, due to a local imbalance between 
myocardial oxygen supply and demand. 

Asynergy began to develop in the patients with pos- 
itive tests, at a lower mean heart rate and double 
product than the maximum attained by the patients 
with negative test results. This would imply that the 
results are not due to differential hemodynamic effects 
in patients subsets. 

As for the blood supply, dipyridamole-induced ar- 
teriolar dilatation may result in an adverse redistribu- 
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tion of perfusion steal”) from "e subendocardiuii to 
the subepicardium.! D. 

Specificity of dipyridamole-echocardiography 
test: For detecting CAD, the specificity of the test ap- 
pears to be higher than EST. Such a finding is consis- 
tent with the reported higher specificity of exercise 2-D 
echo compared with EST.!01! A positive dipyrida 
mole-echo test response is similar to exercise 2-D ech« 
both require the detection of asynergy, a highly specifi 
marker of ischemia, which is more reliable than other 
events, such as ECG changes or pain. ECG changes 
pain are, in fact, weak markers of ischemia (late, in- 
constant and nonspecific), 13,14 and they become even 
more unreliable after dipyridamole infusion, because 
this drug may provoke chest pain and ECG ischemie 
changes in many normal subjects.’ = 






ST depression does not predict the presence 
site of ischemia: The dipyridamole-2-D echo test 
be a practical tool for unmasking electrocardiographi- 
cally silent exertional ischemia. T'welve of the 28 pa- 
tients with positive test results had a nondiagnostic EST 
response. This is consistent with available experimen- 
tal and clinical!?!6 evidence that regional asynergy can 
precede ECG changes—or may even be the only mar arker 
of the ischemic event—in models of subendocardial 
ischemia, such as that presumably induced both by di- 
pyridamole and effort. Furthermore, during an EST, 
a submaximal increase in heart work may occur, insuf- 
ficient to unmask an area with limited coronary blood 
flow reserve.* In diagnostic EST, ST-segment depres- 
sion, when present, invariably appears in anterolater 
leads, unrelated to the true site of ischemic asyner 
Previous studies suggest that ST-segment depresi 
poorly localizes the site of myocardial ischemia, as in- 
dicated by the location of CAD and scintigraphic thal- 
lium defect during exercise!™18 and at rest.!9 Dipy- 
ridamole may indeed induce a subendocardial ischemia 
similar to that induced by exercise.!:? It is therefore no 
surprising that in this case too, the site of ST-segme: 
depression correlates poorly with the site of apparent 
ischemia, identified by means of the echocardiographic 
marker of a regional asynergy. x 

Limitations: The method used in this study suffers 
some limitations inherent in the systems adopted for 
assessing both regional contractility and CAD. 

Transient asynergies may be accurately assessed by 
2-D echo, especially when each patient serves as his own 
control.2° However, 2-D echo does not allow a simulta 
neous optimal imaging of all regions of the left ventric! 
Because ischemic asynergy is transient and regional, it 
can be overlooked in some cases. This limitation may 
explain some of the false negative results with the di- 
pyridamole-echocardiography test. It may also be t 
some patients do not really have false-negative results 
that is, in some cases angiographically documente 
obstructions may not induce wall motion abnormaliti 
visible at a relatively gross level, during physiologic 
stresses such as exercise. Other false-negative responses 
may result because pharmacologic dilatation induced 
by dipyridamole is probably, in some patients, a less 
potent stimulus for ischemia than exercise, in w 
factors other than organic obstructions (such as the 
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ncrease in coronary tone) may contribute in triggering 
schemia. It should also be considered that the dosage 
f dipyridamole used usually gives maximal coronary 
vasodilation, but there is a small risk that in a particular 
yerson the dose is not maximal?'; conceivably, the 
sensitivity of the test could be augmented if a higher 
lose were used. 

Angiography is the only practical tool to evaluate 

JAD, although it suffers important limitations. In 
articular, it cannot predict reliably the extent of im- 
)airment in regional coronary reserve.?? 'This could 
xplain why patients with the same degree of CAD 
angiographically assessed) have different responses to 
he dipyridamole-echo test, which evaluates only the 
unctional consequences of the stenosis. 
_ It conclusion, the present study indicates that the 
lipyridamole-echo test is feasible in almost all patients 
vith good-quality basal echocardiograms, and it has a 
ligher specificity than EST. Furthermore, it has a 
yattern of sensitivity that better parallels the angio- 
raphically assessed severity of CAD than does EST: 
herefore, the dipyridamole-echo test may be useful in 
ocalization of physiologically important ischemia, al- 
hough further studies using more physiologic reference 
tandards (such as regional myocardial blood flow or 
xercise induced regional wall motion abnormalities) 
re needed. 
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Coronary Sinus Occlusion Pressure and Its 
Relation to Intracardiac Pressure 


DAVID P. FAXON, MD, ALICE K. JACOBS, MD, MIRLE A. KELLETT, MD, 
SUSAN M. McSWEENEY, BS, WILLIAM D. COATS, BS, and THOMAS J. RYAN, MD 





The hemodynamic components of coronary sinus 
(CS) occlusion pressure in humans have not been 
well described. If no other outflow for venous blood 
were present, then after acute occlusion of the 
coronary sinus the pressure would increase and 


. equal aortic pressure. However, if thebesian vein 


drainage between the left ventricle and the coronary 
veins has an important role in humans, then CS oc- 
clusion pressure might reflect left ventricular (LV) 
pressure through transmitted LV pressure or in- 
tramyocardial pressure. To study this relation, 27 
patients who underwent routine diagnostic cardiac 
catheterization were evaluated. Occlusion was 
accomplished by sudden inflation of a No. 7Fr bal- 
loon-tipped catheter placed into the CS. LV end- 
diastolic pressure and end-diastolic CS occlusion 
pressure were simultaneously recorded at rest. LV 
end-diastolic pressure (16.7 + 5.6 mm Hg) was not 


Measurement of pressure across a capillary bed is an 
accurate method of assessing an otherwise inaccessible 
pressure.!? This technique is routinely used to assess 
left atrial pressure from the pulmonary artery and has 
been successfully applied to other circulations as well. 
The use and value of measuring coronary venous oc- 
clusion pressure is limited despite Gregg's initial reports 
of the hemodynamic effects of coronary venous occlu- 
sion.?4^ This is surprising, considering the frequent 
placement of catheters in the coronary sinus (CS) to 
measure flow, oxygen content and metabolites.^9 In 
addition, knowledge of the correlates of the CS occlusion 
pressure might be useful in the application of tech- 
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significantly different from end-diastolic CS occlu- 
sion pressure (15.9 + 5.4 mm Hg). LV end-diastolic 
and end-diastolic CS occlusion pressures were 
positively correlated (p <0.001) over the entire 
range of pressures (9 to 27 mm Hg). In contrast, 
systolic CS occlusion pressure was significantly 
lower than LV systolic pressure and unrelated to 
right-sided heart pressures. It is concluded that in 
humans, end-diastolic CS occlusion pressure closely 
parallels LV end-diastolic pressure, and measure- 
ment of CS occlusion pressure to assess LV end- 
diastolic pressure may have clinical use. These 
findings also suggest the existence of hemody- 
namically important thebesian vessel connections 
that may have implications for retroperfusion or 
pressure-controlled intermittent CS occlusion in 
humans. 

(Am J Cardiol 1985;56:457-460) 


niques such as CS retroperfusion or pressure-controllec 
intermittent CS occlusion in which the CS is tempo 
rarily occluded during myocardial ischemia in order t 
reduce myocardial damage.^-!! 


Methods 


Twenty-seven patients in stable condition who had beet 
referred for diagnostic cardiac catheterization also underwen 
assessment of CS occlusion pressure after informed consen 
was obtained. After mild sedation with diphenhydramine aní 
diazepam, right-sided cardiac catheterization was performet 
from the right or left antecubital vein using a No. 7Fr bal 
loon-tipped catheter. In 15 patients, a Swan-Ganz thermo 
dilution catheter (Edwards Laboratory) and in 12, a Baim C? 
thermodilution catheter with a balloon placed 1 cm from it 
tip (Electro-catheter) were used. A No. 7Fr pigtail cathete 
was placed percutaneously from the right femoral artery ant 
retrogradely positioned in the left ventricle. After pulmonar, 
capillary wedge, pulmonary artery, right ventricular, righ 
atrial, aortic and LV pressures were measured, the balloon 
tipped catheter was placed under fluoroscopic guidance int 
the CS. Although a position 2.0 cm from the ostium was ofte! 





FIGURE 1. Increase in coronary sinus occlusion pressure 
during sudden balloon inflation, using a 7Fr balloon-tipped 








ssible, in most patients placement of the catheter tip in the 
ortion of the great cardiac vein was necessary in order 
) prevent dislodgement of the catheter during balloon in- 
ation. The position of the catheter was then verified by in- 
ction of angiographic contrast media during fluoroscopy. CS 
:clus ion was accomplished by sudden inflation of the balloon 
ith 1.5 ml of air. CS pressure was continuously monitored 
fore, during and after brief occlusions of the CS for 20 sec- 
. Simultaneous recording of aortic and LV pressure was 
so obtained. Seven patients had an additional catheter in 
1e right side of the heart in order to allow simultaneous 
surement of right heart and CS occlusion pressures. 


E Results 
T: 


twenty-two of the subjects were men and 5 were 
men. The average age was 55.2 years. Twenty pa- 
had coronary artery disease (8 one-vessel, 11 
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ultivessel and 1 insignificant disease), and 4 had 


iT} 


edominant mitral stenosis, 1 had mitral regurgitation 


ad 2 had aortic stenosis. The mean LV ejection fraction 
as 63% (range 38 to 79%). Segmental wall motion 
normalities on LV angiography were present in 7 
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T 22 ar à 


-— 


Passage of the balloon catheter was often difficult 
ith a Swan-Ganz catheter, but was greatly facilitated 
y a left arm approach and the use of the more rigid 
aim No. 7Fr CS catheter. Although no significant 
mplications occurred from occlusion of the CS, an 
casional premature atrial contraction was noted 
iring the rapid inflation of the balloon catheter. Heart 
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catheter in the coronary sinus. 

































rate and arterial pressure did not change during CS 
occlusion. Likewise, no significant change in LV end- 
diastolic pressure was noted during balloon inflation 
(17.2 + 4.8 mm Hg vs 16.7 4 5.6 mm Hg, difference not 
significant). 


The pressure recorded at the tip of the balloon j 
catheter (CS occlusion pressure) increased rapidly 
within the first 2 to 5 cardiac cycles and then assumed 
a plateau (Fig. 1) and remained constant until deflation d 
occurred (10 to 30 seconds). The peak systolic pressure - 


was significantly lower than LV systolic pressure (43.9 


+ 11 vs 112.6 + 18, p <0.001), and no consistent relation 


occurred between them (Table I). The contour of the 
systolic CS occlusion pressure was also different from 


the LV systolic pressure with an initial early systolic — 
peak and a later higher systolic peak occurring at the  — 


end of systole and closely timed with the v wave in the 
pulmonary wedge tracing. Also, there was a slight delay 
in the onset of the systolic pressure averaging 40 ms 
after the onset of LV pressure increase (Fig. 2). 

The contour of the diastolic pressure of the occluded 
CS closely resembled the diastolic pressure within the 


left ventricle (Fig. 3, Table I). The most consistent 
relation between the pressures occurred at the end of _ 


diastole with a close correlation between LV end-dia- 
stolic and end-diastolic CS occlusion pressures (r = 0.85, 
p «0.001, Fig. 4). In 4 patients with mitral stenosis and 
atrial fibrillation, the coronary occlusion pressure in 
diastole closely followed the LV end-diastolic pressure 
despite changes in RR intervals and in the height of the 
LV end-diastolic pressure (Fig. 3). No correlation was 
found between systolic or diastolic CS occlusion pres- 
sures and other intracardiac pressures (pulmonary 


Most important, LV diastolic pressure can be measured 
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LV Brebuóre CSOP p capillary wedge, pulmonary artery, aortic, right ven- 
tricular, or right atrial). 
112.6 + 18 43.9 + 11 p <0.001 
3.9 + 3.5 8.0 + 3.6 NS Discussion 1 
Measurement of CS occlusion pressure in humans | 
16.1 4 69 17.2471 NS using a CS balloon catheter is safe and feasible, and 
16.7 + 5.6 15.9 + 5.4 NS valuable hemodynamic information can be obtained. 
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. FIGURE 2. Simultaneous recording of aortic (AO) left ven- 
tricular (LV) and coronary sinus occlusion pressure (CSOP) m 
in a 54-year-old man with severe aortic stenosis. Note the I 
lack of equalization between systolic CSOP, aortic and LV £ 
pressure. E 


FIGURE 3. Simultaneous recording of 40 
ij left ventricular (LV) diastolic and coro- 
nary sinus occlusion pressure (CSOP) 30 
ina patient with severe mitral stenosis © 
id atrial fibrillation showing a close = 
tion between diastolic LV pressure E 20 
CSOP. The end-diastolic pressure E 
ured as the last pressure just 10 F 
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efore the rapid increase in pressure. 
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LV diastolic pressures in humans. Whereas pulmonary 
capi wedge pressure is frequently used to assess LV 
fi pressure, a more accurate measure of LV pressure 
would allow more precise assessment of LV diastolic 
filling. The findings of this study indicate that assess- 
ment of LV end-diastolic pressure is reliable over a wide 
range of pressures and disease states, including mitral 
. valve disease. 

"The measurement of coronary occlusion pressure was 
— first reported by Gregg and DeWald?^ in 1938 during 
assessment of CS occlusion as a means of providing an 
alternative flow to ischemic myocardium. Although the 
effect of partial and complete occlusion of the CS in 
order to revascularize the heart has been studied, !?-!4 
little attention has been paid to the CS occlusion pres- 
sure itself. In their classic study on the measurement of 
coronary blood flow, Bing et al!? noted a change in the 
contour of the CS pressure when a catheter obstructed 
the coronary vein. They interpreted the change to rep- 
resent contamination of the pressure by aortic pressure 
measured across the capillary bed. Using a balloon- 
tipped catheter in dogs, Gensini et al!6 provided the 
most detailed description of CS occlusion pressure. 
These investigators demonstrated that CS occlusion 
pressure increased during isovolumic contraction 40 ms 
after the LV pressure. Occlusion of the left anterior 
descending artery caused a significant decrease in CS 
occlusion pressure, whereas Renografin- 769 and ni- 
ere gp caused a transient increase. They concluded 
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pressure and coronary venous blood flow. The findi lin 
of our previous studies in dogs would not support% 

concept because the peak CS occlusion pressure was 
more closely related to LV systolic pressure than co ro- 
nary blood flow.!? However, the rate of increase in ( CE 

occlusion pressure did parallel the changes in coron ary 
blood flow. The results of this study point out i impor tant | 
differences between the CS occlusion pressure ura do; ogs 
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FIGURE 4. Correlation between the end-diastolic coronary sir 
clusion yen (CSOP) and left ventricular pod-diaeto dM essu 
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FIGURE 5. Coronary venous anatomy. If sufficient thebesian vessel 
connections exist between the coronary veins and the left ventricle then 
coronary sinus, occlusion pressure would be expected to directly reflect 
left ventricular pressure in diastole and these venous channels would 
allow for alternative venous drainage. 


and in humans, which make interpretation of previous 
studies of CS occlusion pressure difficult. The reasons 
for this discrepancy may be related to differences in 
anatomy. It has been recognized since the work of 
Vieussens!? and Thebesius!? that small vessels connect 
the coronary veins to the cardiac chambers and can 
drain a significant amount of venous efflux. Wearn?? 
verified these observations and demonstrated venous 
lakes and anastomoses between arterioles, venules and 
the LV chamber. These vessels were capable of draining 
up to 50% of coronary blood flow in a beating heart.2° 
The findings of the present study are consistent with the 
existence of extensive thebesian connections in humans 
(Fig. 5); however, alternatively transmitted diastolic 
intramyocardial pressure may also contribute.2122 Ar- 
nour and Klassen?! have shown that a significant 
oressure gradient occurs between the central venous 
‘hannels and the larger peripheral veins. In addition the 
pressure in these smaller veins appears to parallel in- 
ramyocardial pressure. Certainly in systole, when small 
renoventricular connections are closed, systolic CS 
'cclusion pressure would reflect ventricular intramyo- 
ardial pressure. 
In conclusion, the findings of this study demonstrate 
hat CS occlusion pressure reflects LV pressure in 
liastole but not in systole. The indirect assessment of 
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LV end-diastolic pressure via the CS could to be a useful 
means of monitoring critically ill patients and assessing 
cardiac function. In addition, pressure monitoring 
during retroperfusion or pressure-controled intermit- 
tent CS occlusion might be useful in assessing the effi- 
cacy of therapy. 
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sion or produce a diastolic reduction of at least 10 mm Hg in 40% to 55% of patients. 
Doubling the initial starting dose — to 800 mg daily — may be expected to produce 
this level of control in an additional 19% to 37% of patients. In occasional patients, 


twice-daily dosage may be required for adequate 24-hour blood pressure control. 


NGLE AGENT CONTROL 
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OF HEART RATE 


Reduction of resting heart rate is minimal with SECTRAL. usually resulting in rates 


of 62 bpm to 65 bpm. 
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NIY SECTRAL HAS 
THIS COMBINATION OF 
PROPERTIES: 


Relatively low incidence of unacceptable CNS side effects. In over 1,000 patients 
| treated with SECTRAL, the incidence of fatigue, lethargy, and tiredness was only 


11%; impotence only 2%; and depression 2%. 
Minimal depression of heart rate for a very low incidence of bradycardia. 


Unsurpassed control of mild to moderate hypertension usually without adding 
other agents. 


Once-daily dosage in hypertension. 


Relatively cardioselective at recommended doses for hypertension, resulting in less 
bronchoconstriction and an incidence of cold extremities of only two patients 
per thousand. 


Hydrophilic 


Please see last page for brief summary of prescribing information. 
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alternative B-blocker is desired, the patient may be tranaforzéd directly to comparable doses of another 
agent without interruption of B-blocking therapy). If an exacerbation of angina pectoris occurs, anti- 
anginal therapy should be restarted immediately in full doses and the patient hospitalized until his con- 
dition stabilizes. 
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who cannot tolerate, alternative treatment. Since B-selectivity is not absolute and is Rie Mahandent 
the lowest possible dose of SECTRAL should be used initially, preferably in divided doses to avoid the 
higher plasma levels associated with the longer dose-interval. A bronchodilator, such as a theophylline 
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venting arrhythmic response, the risk of excessive myocardial depression during general anesthesia may 
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depress the myocardium, such as ether, cyclopropane and trichlorethylene, and it is prudent to use the 
lowest possible dose of SECTRAL. SECTRAL, like other B-blockers, is a competitive inhibitor of B- 
receptor agonists and its effect on the heart can be reversed by cautious administration of such agents 
(e.g. dobutamine or isoproterenol —see OVERDOSE). Manifestations of excessive vagal tone (e. g. pro- 
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DIABETES AND HYPOGLYCEMIA: B-blockers may potentiate insulin-induced hypoglycemia and 
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YROTOXICOSIS: B-adrenergic blockade may mask certain clinical signs (tachycardia) of hyperthy- 
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PRECAUTIONS: IMPAIRED RENAL OR HEPATIC FUNCTION: Studies on the effect of acebutolol 
in patients with renal insufficiency have not been performed in the U.S. Foreign published experience 
shows that acebutolol has been used successfully in chronic renal insufficiency. Acebutolol is excreted 
through the G.I. tract, but the active metabolite, diacetolol, is eliminated predominantly by the kidney. 
There is a linear relationship between renal clearance of diacetolol and creatinine clearance. Therefore, 
the daily dose of Bncbuiolb) shot be reduced by 50% when the creatinine clearance is less than 50 
ml/min and by 75% when it is less than 25 ml/min. SECTRAL should be used cautiously in patients 
with impaired hepatic function. 
|. SECTRAL has been used successfully and without problems in elderly patients in the U.S. clinical 
trials without specific adjustment of dosage. However, elderly patients may require lower maintenance 
ee because the bioavailability of both SECTRAL and its metabolite are approximately doubled in 
his age group. 
CLINICAL LABORATORY FINDINGS: SECTRAL, like other B-blockers, has been associated with the 
evelopment of antinuclear antibodies (ANA). In prospective clinical trials, patients receivin 
RAL had a dose dependent increase in the development of positive ANA titers and the overal 
incidence was higher than that observed with aeter Symptoms (generally persistent arthralgias 
ind myalgias) related to this laboratory abnormality were infrequent (less than 1% with both drugs). 
Symptoms and ANA titers were reversible upon discontinuation of treatment. 
NF MATION FOR PATIENTS: Patients, especially those with evidence of coronary artery disease, 
ihould be warned against interruption or discontinuation of SECTRAL therapy without a physician's 
upervision. Although cardiac failure rarely occurs in properly selected patients, those being treated 
vith B-adrenergic blocking agents should be advised to consult a physician if they develop signs or 
iymptoms suggestive of impending CHF. or unexplained respiratory symptoms. 
-. Patients should also be warned of possible severe hypertensive reactions from concomitant use of a- 
poi stimulants such as the nasal decongestants commonly used in OTC cold preparations and 
tasal drops. 
)RUG INTERACTIONS: Catecholamine-depleting drugs, such as reserpine, may have an additive ef- 
ect when given with B-blocking agents. Patients treated with SECTRAL plus catecholamine depletors 
hould, therefore, be observed closely for evidence of marked bradycardia or hypotension which may 
iresent as vertigo, syncope/pre-syncope, ororthostatic changes in blood pressure without compensatory 
achycardia. Exaggerated hypertensive responses have been reported from the combined use of B-ad- 
asec antagonists and a-adrenergic stimulants, including those contained in proprietary cold rem- 
dies and vasoconstrictive nasal drops. Patients receivin B-blockers should be warned of this potential 
azard. No significant interactions with digoxin, hydrodhlórofbisxidd. hydralazine, sulfinpyrazone, oral 
ontraceptives, tolbutamide or warfarin have been observed. 
'ARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY: Chronic oral toxicity studies in 
ats and mice, employing dose levels as high as 300 m kg/day, which is equivalent to 15 times the 
aximum recommended (60 kg) human dose, did not indicate a carcinogenic potential for SECTRAL. 
liacetolol, the major metabolite of SECTRAL in man, was without carcinogenic potential in rats when 
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tested at doses as high as 1800 mg/kg/day. SECTRAL and diacetolol were also shown to be devoid of 
mutagenic potential in the Ames Test. SECTRAL, administered orally to two generations of male and 
female rats at doses of up to 240 mg/kg/da ranis to 12 times the maximum recommended ther- 
apeutic dose in (a 60 kg) man] and diacetolo , administered to two generations of male and female rats 
at doses of up to 1000 mg/kg/day, had no significant impact on reproductive performance or fertility. 
TERATOGENIC EFFECTS: Pregnancy Category B: Reproduction studies have been performed with 
SECTRAL in rats and rabbits at doses of up to 60 mg/kg/day, the equivalent of 3 times the maximum 
recommended therapeutic dose in (a 60 kg) man. Studies have also been performed in these species 
with diacetolol (at doses of up to 450 mg/kg/day in rabbits and up to 1800 mg/kg/day in rats). 
Other than a significant elevation in postimplantation loss with 450 mg/kg/day diacetolol, a level at 
which food consumption and body weight gain was reduced in rabbit dams and a non-statistically sig- 
nificant increase in incidence of bilateral cataract in rat fetuses from dams treated with 1800 mg/kg/ 
day diacetolol, there was no evidence of harm to the fetus with either drug. There are no adequate and 
well-controlled trials in pregnant women in the U.S. ; however, studies have shown that both acebutolol 
and diacetolol cross the placenta. Because animal teratology studies are not always predictive of the 
human response, SECTRAL should be used during pregnancy only if the potential benefit justifies the 
risk to the fetus. 

Labor and Delivery: The effect of SECTRAL on labor and delivery ih pregnant women is unknown. Stud- 
ies in animals have not shown any effect of SECTRAL on the usual course of labor and delivery. 
Nursing Mothers: Acebutolol and diacetolol also appear in breast milk with a milk:plasma ratio of 7.1 
and 12.2, respectively. Use in nursing mothers is not recommended. 

Pediatric Use: Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS: SECTRAL is well tolerated in properly selected patients. Most adverse 
reactions have been mild, not required discontinuation of therapy, and tended to decrease as duration 
of treatment increases. 

The following table shows the frequency of treatment-related side effects derived from controlled clin- 
ical trials in patients with hypertension, angina pectoris, and arrhythmia. These patients received 
SECTRAL, propranolol, or hydrochlorothiazide as monotherapy, or placebo. 

TOTAL VOLUNTEERED 
AND ELICITED (U.S. STUDIES) 


Hydrochloro- 

SECTRAL Propranolol thiazide Placebo 
Body System/ (N = 1002) (N = 424) (N = 178) (N — 31) 
Adverse Reaction % % E % 


Cardiovascular 
Chest Pain 
Edema 
Central Nervous System 
Depression 
Dizziness 
Fatigue 
Headache 
Insomnia 
Abnormal dreams 
Dermatologic 
Rash 
Gastrointestinal 
Constipation 
Diarrhea 
Dyspepsia 
Flatulence 
Nausea 
Genitourinary 
Micturition 
(frequency) 
Masculpabelerad 
Arthralgia 
Myalgia 
PN 
ough 
Dyspnea 
Rhinitis 
Special Senses 
Abnormal Vision 2 2 3 0 
The following selected (potentially important) side effects were seen in up to 296 of SECTRAL 
patients: 
Cardiovascular: hypotension, bradycardia, heart failure. Central Nervous System: anxiety, hyper/hy- 
poesthesia, impotence. Dermatological: pruritus. Gastrointestinal: vomiting, abdominal pain. Geni- 
tourinary: dysuria, nocturia. Musculoskeletal: back pain, joint pain. Respiratory: pharyngitis, 
wheezing. Special Senses: conjunctivitis, dry eye, eye pain. 
The incidence of drug-related adverse effects (volunteered and solicited) according to SECTRAL dose 
is shown below. (Data tm 266 hypertensive patients treated for 3 months on a constant dose.) 
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400 mg/day 800 mg/day 1200 mg/day 

Body System (N = 132) (N — 63) (N 271) 
Cardiovascular 5% 2% 1% 
Gastrointestinal 3% 3% 7% 
Musculoskeletal 2% 3% 4% 
Central Nervous 

System 9% 13% 17% 
Respiratory 1% 5% 6% 
Skin 1% 2% 1% 
Special Senses 2% 2% 6% 
Genitourinary 2% 3% 1% 


POTENTIAL ADVERSE EFFECTS: In addition, certain adverse effects not listed above have been re- 
men other B-blocking agents and should also be considererd as potential adverse effects of 
Central Nervous System: Reversible mental depression progressing to catatonia (an acute syndrome char- 
acterized by disorientation for time and place), short-term memory loss, emotional la ility, slightly 
clouded sensorium, and decreased performance (neuro sychometrics). 

Cardiovascular: Intensification of AV block (see CONTRAINDICATIONS). 

Allergic: Erythematous rash, fever combined with aching and sore throat, laryngospasm, and respira- 
tory distress. 

Hematologic: <9 db mea digi non-thrombocytopenic, and thrombocytopenic purpura. 
Gastrointestinal: Mesenteric arterial thrombosis and ischemic colitis. 

Miscellaneous: Reversible alopecia and Peyronie's disease. The oculomucocutaneous syndrome asso- 
ciated with the B-blocker practolol has not been reported with SECTRAL during investigational use and 
extensive foreign clinical experience. 

Keep at room temperature. Approximately 25°C (77°F). 
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Another Useful New Title: 
Ellestad’s STRESS TESTING: 
Principles and Practice, New 3rd 
Edition 

The classic text on stress testing is 
now available in an expanded and com- 
prehensively revised new 3rd Edition. 
Painstakingly up-dated so that every dis- 


= cussion brings you today's most current 
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insights and advice, Dr. Ellestad’s book 
has expanded into several new and crit- 
ically important areas. 


For the first time, complete chapter- 
long discussions focus on exercise stress 
testing after myocardial infarction, stress 
testing after surgical intervention and cor- 
onary angioplasty, rhythm and con- 
duction disturbances in stress testing, 
stress testing in women, chest pain and 
normal coronary arteries, blood pressure 
measurement during exercise, and sports 
medicine and rehabilitation. Significant 
changes in medical knowledge are also 
reflected in the discussion of ischemia in 
asymptomatic subjects, and in the 
coverage of indications, contraindica- 
tions, risks and safety factors as well. 

By Myrvin H. Ellestad, MD. About 
545 pages, 200 ill. Ready November 
1985. About $45.00. 
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| would like to receive the indicated books on 30-day approval. 


i of Valvular Heart Disease — i 


agement methods, and the common causes of valvular heart disease have changed: 
dramatically over the past thirty years. Even the natural history of these conditions as 







Techniques used for recognition and differential diagnosis, medical and surgical man- 


been altered because of new medical and surgical breakthroughs. The latest book in t e 
Cardiovascular Clinics puts these developments into perspective, giving you all the infor- 
mation you need to implement today’s most effective therapies for valvular heart disease. 


VALVULAR HEART DISEASE: Y 


Comprehensive Evaluation and Management, 
Cardiovascular Clinics, Volume 16, Number 2 


A New Double-Size Volume 


$ 
pw 
Drs. Frankl and Brest present an exhaustive review of the current understanding of 
valvular heart disease. Their book focuses on these important developments: 3 
e the changing causes of valvular heart disease ES 
the changing natural history of valvular heart disease # 
new surgical techniques in management es 
new non-invasive diagnostic techniques 
new invasive diagnostic techniques 

valvular disease in the elderly 
management after valve replacement d 
e long-term prognosis after valve replacement. X. 

To fully explore the field, the editors have addressed four critically important areas. Part 
presents the latest medical opinion of the changing concepts underlying valvular heart disease 
Part 2 provides an up-to-date discussion of diagnostic methods, including laboratory diagnosis 
noninvasive graphic imaging and scintigraphic evaluation. Part 3 offers 7 in depth studies of the 
clinical features, pathophysiology and management of specific individual syndromes. Part 4 con 
sists of 7 individual chapters exploring surgical intervention and management — in which you! 
find timely advice on selecting prosthetic heart valves and in assessing the long-term prognosi: 
following valvular heart surgery. Y. 
The experience and opinions of 31 respected authorities are yours for consultation in this singl 
source. Order your copy today. Ux 


Edited by William S. Frankl, MD, MS, Professor of Medicine, Co-Director, Likoff Cardiovascula 
Institute, Hahnemann University Hospital, Philadelphia; and Albert N. Brest, MD, Professor c 
Medicine, Director, Department of Cardiology, Jefferson Medical College and Hospital, Phila 
delphia. 505 pp. About 300 ill. Ready November 1985. About $90.00. i 


Table of Contents: Part 1: General Concepts in Valvular Heart Disease 1. Rheumatic and Nonrheumati 
Conditions Producing Valvular Heart Disease. 2. Natural History of Chronic Valvular Disease. Part Il: Diagnosti 
Methods. 3. The Role of Laboratory Diagnostic Methods in the Evaluation and Followup of Patients with Valvula 
Heart Disease — Relation to Prognosis and Outcome after Valve Replacement. 4. Noninvasive Graphic Evaluatior 
Phonocardiography and Echocardiography. 5. Scintigraphic Evaluation of Patients with Valvular Heart Disease. Par 
Ill: Specific Syndromes. 6. The Mitral Valve Prolapse Syndrome: Clinical Features and Management. 7. Acute Mitre 
Regurgitation: Pathophysiology and Management. 8. Acute Aortic Regurgitation: Pathophysiology and Manage 
ment. 9. Aortic Valve Disease in the Elderly: Recognition and Management. 10. Mitral Valve Disease in the Elderly. 1! 
Combined Valvular and Coronary Artery Disease: Recognition and Management. 12. Endocarditis: Epidemiolog} 
Pathophysiology, Management and Prophylaxis. Part IV. Surgical Intervention and Management. 13. Timing ¢ 
Surgery in Chronic Mitral and Aortic Regurgitation. 14. Tricuspid Valve Surgery: Indications, Methods and Result: 
15. How Cold Cardioplegia and Other Myocardial Protective Modalities Changed Valvular Surgery. 16. Selection of 
Prosthestic Heart Valve. 17. The Special Problems of the Patient with a Valvular Prosthesis. 18. Current Status ¢ 
Valve Replacement in Children. 19. Long-Term Prognosis Following Valvular Heart Surgery. è ! 
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Comprehensive Evaluation and Management. About $90.00. Í 


Ready November 1985. 


[3 #3112 Ellestad: Stress Testing: Principles and Practice, 3rd 
Edition. About $45.00. Ready November 1985. 

(3 42903 Dreifus: Cardiac Arrhythmias: Electrophysiologic 
Techniques and Management. $50.00. 1985. 

[1445098 Josephson: Sudden Cardiac D 

[1449227 Wenger: Exercise and the Hea 

[1 #7756 Schroeder: Invasive Cardiology. $50.00. 1984. 

Q #1975 Conti: Cardiac Drug Therapy. 


1983. 
[143712 Fowler: Noninvasive Diagnostic Methods in 


Cardiology. $50.00. 1983. 


C #4161 Goldberg: Coronary Artery Spasm and Thrombosis. 


$40.00. 1983. 


eath. $50.00. 1985. 





City State Zip 


C Payment enclosed. We pay postage and handling. Pennsylvania residents © 
please include appropriate state sales tax. A 

C Bill me. An invoice, including a small charge for postage and handling, will — 
accompany each book you order. State sales tax will be charged where 
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[ #2901 Dreifus: Pacemaker Therapy. $45.00. 1983. signature ‘a 
F. A. DAVIS COMPANY 3 

1915 ARCH STREET 


O #5950 McCauley & Brest: McGoon's Cardiac Surgery: An 
satire Approach to Patient Care. Soft cover. 
. 1984. 
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On nitrates, 
but angina still 
strikes... 





- Aftera nitrate, 
add ISOPTIN 


(verapamil HCI/Knoll) 








To protect your patients, as well as their quality of life, 
add Isoptín instead ofa beta blocker. 


First, Isoptin not only reduces myocardial oxygen demand 
by reducing peripheral resistance, but also increases coro- 
nary perfusion by preventing coronary vasospasm and 
dilating coronary arteries — both normal and stenotic. 
These are antianginal actions that no beta blocker 

can provide. 

Second, Isoptin spares patients the 
beta-blocker side effects that may i. cem 
compromise the quality of life. < 

With Isoptin, fatigue, bradycardia and mental 
depression are rare. Unlike beta blockers, 
Isoptin can safely be given to patients with 
asthma, COPD, diabetes or peripheral 
vascular disease. Serious adverse 
reactions with Isoptin are rare Dari 
at recommended doses; the " 
single most common side 
effect is constipation (6.3%). 

Cardiovascular contra- 
indications to the use of 
Isoptin are similar to those 
of beta blockers: severe 
left ventricular dysfunction, 
hypotension (systolic pres- 
sure «90 mm Hg) or cardio- 
genic shock, sick sinus syndrome 


(if i oon gta IS MEM ; ISOPTIN. Added 
- or third- AV block. id « 

o e ieri a vod is not Buck, add antianginal protection 

Isoptin... for more comprehensive antianginal without beta-blocker 


protection without side effects which may 


cramp an active life style. side effects. 









Please see brief summary on following page. 
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ISOPTIN 
(verapamil HCI/Knoll) 


80 mg and 120 mg scored, film-coated tablets 


Contraindications: Severe left ventricular dysfunction (see Warnings), hypo- 
tension (systolic pressure < 90 mm Hg) or cardiogenic shock, sick sinus syn- 
_ drome (except in patients with a functioning artificial ventricular pacemaker), 

2nd- or 3rd-degree AV block. Warnings: ISOPTIN should be avoided in patients 

with severe left ventricular dysfunction (e.g., ejection fraction < 30% or 
moderate to severe symptoms of cardiac failures and in patients with any 
degree of ventricular dysfunction if they are receiving a beta blocker. (See 

Precautions.) Patients with milder ventricular dysfunction should, if possible, be 

- controlled with optimum doses of digitalis and/or diuretics before ISOPTIN is 
used. (Note interactions with digoxin under Precautions.) ISOPTIN may occa- 
sionally produce hypotension (usually asymptomatic, orthostatic, mild and con- 
_ trolled by decrease in ISOPTIN dose). Elevations of transaminases with and 
without concomitant elevations in alkaline phosphatase and bilirubin have been 
reported. Such elevations may disappear even with continued treatment; how- 
_ ever, four cases of hepatocellular injury by verapamil have been proven by re- 
- Challenge. Periodic monitoring of liver function is prudent during verapamil 
__ therapy. Patients with atrial flutter or fibrillation and an accessory AV pathway 
(e.g. W-P-W or L-G-L syndromes) may develop increased antegrade conduction 
across the aberrant pathway bypassing the AV node, producing a very rapid 
. ventricular response after receiving ISOPTIN (or digitalis). Treatment is usually 
D.C.-cardioversion, which has been used safely and effectively after ISOPTIN. 
Because of verapamil's effect on AV conduction and the SA node, 1? AV block 
and transient bradycardia may occur. High grade block, however, has been 
- infrequently observed. Marked 1? or progressive 2° or 3° AV block requires a 
dosage reduction or, rarely, discontinuation and institution of appropriate 
therapy depending upon the clinical situation. Patients with hypertrophic car- 
diomyopathy (IHSS) received verapamil in doses up to 720 mg/day. It must be 
- appreciated that this group of patients had a serious disease with a high mor- 
tality rate and that most were refractory or intolerant to propranolol. A variety 
of serious adverse effects were seen in this group of patients including sinus 
bradycardia, 2° AV block, sinus arrest, pulmonary edema and/or severe hypo- 
tension. Most adverse effects responded well to dose reduction and only rarely 
_ Was verapamil discontinued. Precautions: ISOPTIN should be given cautiously 
. to patients with impaired hepatic function (in severe dysfunction use about 
_ 30% of the normal dose) or impaired renal function, and patients should be 
. monitored for abnormal prolongation of the PR interval or other signs of exces- 
sive pharmacologic effects. Studies in a small number of patients suggest that 

_ concomitant use of ISOPTIN and beta blockers may be beneficial in patients 
_ With chronic stable angina. Combined therapy can also have adverse effects on 
- cardiac function. Therefore, until further studies are completed, ISOPTIN should 
be used alone, if possible. If combined therapy is used, close surveillance of vital 
Signs and clinical status should be carried out. Combined therapy with ISOPTIN 
-and propranolol should usually be avoided in patients with AV conduction 
abnormalities and/or depressed left ventricular function. Chronic ISOPTIN treat 

. ment increases serum digoxin levels by 50% to 70% during the first week of 
_ therapy, which can result in digitalis toxicity. The digoxin dose should be re- 
- duced when ISOPTIN is given, and the patients should be carefully monitored to 
avoid over- or under-digitalization. ISOPTIN may have an additive effect on 
lowering blood pressure in patients receiving oral antihypertensive agents. 

- Disopyramide should not be given within 48 hours before or 24 hours after 
- ISOPTIN administration. Until further data are obtained, combined ISOPTIN and 
- quinidine therapy in patients with hypertrophic cardiomyopathy should prob- 
-ably be avoided, since significant hypotension may result. Clinical experience 
. With the concomitant use of ISOPTIN and short- and long-acting nitrates sug- 
- gest beneficial interaction without undesirable drug interactions. Adequate ani- 
. mal carcinogenicity studies have not been performed. One study in rats did not 
Suggest a tumorigenic potential, and verapamil was not mutagenic in the Ames 
“test. Pregnancy Category C: There are no adequate and well-controlled studies 
‘in pregnant women. This drug should be used during pregnancy, labor and 
delivery only if clearly needed. It is not known whether verapamil is excreted in 
“breast milk; therefore, nursing should be discontinued during ISOPTIN use. 
Adverse Reactions: Hypotension (2.9%), peripheral edema (1.7%), AV block: 
3rd degree (0.8%), bradycardia: HR < 50/min (1.1%), CHF or pulmonary 
edema (0.9%), dizziness (3.6%), headache (1.8%), fatigue (1.1%), constipa- 
tion (6.3%), nausea (1.6%), elevations of liver enzymes have been reported. 
(See Warnings.) The following reactions, reported in less than 0.5%, occurred 
under circumstances where a causal relationship is not certain: ecchymosis, 
bruising, gynecomastia, psychotic symptoms, confusion, paresthesia, insomnia, 
somnolence, equilibrium disorder, blurred vision, syncope, muscle cramp, shaki- 
ness, claudication, hair loss, macules, spotty menstruation. How Supplied: 
ISOPTIN (verapamil HCI) is supplied in round, scored, film-coated tablets con- 
taining either 80 mg or 120 mg of verapamil hydrochloride and embossed with 
“ISOPTIN 80” or “ISOPTIN 120" on one side and with KNOLL’ on the reverse 
side. Revised August, 1984. 2385 


Ô. KNOLL PHARMACEUTICAL COM 


Knoll 30 NORTH JEFFERSON ROAD, WHIPPANY, NEW JERSEY 07981 


_ 


pan rs 


-— c9 pr 


= hd 


2406 


76 METUIT TE HINT 


— = — 
— RF PITT EWTSES LE Ts. DX 
LAC T TANE. AES I d^ i g~ fi 


CARDIOLOGIST: To join two busy invasive Cardiologists in 
the beautiful Pacific Northwest. Practice includes open 
heart surgery program, PTCA. Requires catheterization and * 
all non-invasive modalities. EPS and PTCA would be a plus. 
Please reply with a CV to Box 420, The American Journal of 
Cardiology, 875 Third Ave., New York, N.Y. 10022. 





Pediatrics: Assistant/Associate Professor, Special Research 

Expertise in Pediatric Cardiology, BC/BE Pediatric Cardiology, 

BC Pediatrics. 

Contact: Richard M. Schieken, M.D., Pediatric Cardiology, Medi- 

cal College of Virginia, Box 26, Richmond, VA 23298-0001. 
An Equal Opportunity/Affirmative Action Employer. 





CARDIOLOGIST 


Non-invasive/invasive Certified/Eligible Nuclear/Electrophysiology 
preferred (but not required) to join two man multifaceted practice in 
Sun Belt area. Practice is hospital base, consultative, office, CATH, 
including PTCA, pacemakers, non-invasive testing, including 2D Echo 
and Nuclear. Salary first year leading to partnership. Send CV to Box 
445, The American Journal of Cardiology, 875 Third Ave., New York, 
NY 10022. 





CARDIOLOGIST 


To join consultative cardiology practice for large referral 
area. Training in cardiac catheterization, PTCA and non- 
invasive mandatory. Located in South. Send C.V. and de- 
tails about your interests to Box 435, The American Journal 
of Cardiology, 875 Third Ave., New York, NY 10022. 





BC/BE Cardiologist wanted to join 2 BC Cardiologists in 
busy, quality practice, Phila. Full non-invasive plus SG, 
pacers, and EP if qualified. Academic affiliation. Prefer 


U.S. trained. Send CV & references to Box 440, The 
American Journal of Cardiology, 875 Third Ave., New 
York, N.Y. 10022. 
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Effects of Continuous Infusion of Intravenous Nitroglycerin 
| on Methemoglobin Levels 


SELBY A. SAXON, PharmD, and MARK E. SILVERMAN, MD 





e effect of continuous Infusion of Intravenous nl- 
troglycerin (NTG) on methemoglobin levels In 24 


. coronary care unit patients was studled. Fifteen 


patients were admitted with acute myocardial in- 


farction, 5 patients with angina pectoris, 1 patient 
with congestive heart failure, 2 with chest pain of 
unknown origin and 1 with chest pain of musculo- 
skeletal origin. Intravenous NTG therapy was ini- 
tiated at a 5 g/min dose and titrated at 5-yg In- 
creases until relief of symptoms or until the maximal 
dose tolerated by each patient. Successive 


methemoglobin levels were measured at baseline, . 
at 


each 20 g/min dose Increase, at the maximal 


| 


Intravenous (i.v.) nitroglycerin (NTG) is used for the 
treatment of ischemic chest pain, congestive heart 
failure and hypertension, and possible reduction of 
myocardial infarct size.!-* Common adverse effects of 
nitroglycerin, including headache, hypotension, dia- 
phoresis, nausea and vomiting, are usually controlled 


_by titrating the NTG dose or administering other 


medication.? Recently, however, methemoglobinemia, 


caused by denitration of nitroglycerin, has been re- - 
ported as a potential serious complication of i.v. NTG : 
a tion.*? This study was initiated to document . 


the incidence and severity of these adverse effects and 
to T if methemoglobin production was significant. 


Methods 


nty-four nonconsecutive patients admitted to the 
care unit between March and November and treated 






initially thought to be caused by unstable angina or acute 
myocardial infarction. 


From the Department of Medicine, Pledmont Hospital, and Mercer | 

University Southam School of Pharmacy, Atlanta, Georgla. Manuscript ` 

sre 1984; revised manuscript received March 22, | 
1 


985; accepted March 25, 1985. 


for reprints: Mark E. Silverman, MD, Hi ae 1968 - 


P Road, N.W., Atlanta, aoi add 


iv. NTG were selected. Each patient had chest pain ` 


dose and Immediately before weaning the patlent 
from the maximal dose. Statistical analysis by the 
Student ! test (paired samples, p <0.05) showed no 
significant difference between the mean methem- 
oglobin levels at baseline and the mean methemo- 
globin levels drawn at 20, 40 and 60 ug, and before 
weaning from the maximal dose. No serious adverse 
effects associated with methemoglobinemia were - 
encountered. It Is concluded that Intravenous NTG 
administration in a dose of 0.2 to 2.12 i.g/mln/kg 
body weight produces no significant methemoglo- 
binemia. o 

(Am J Cardiol 1985;56:461-464) 


The age range was 45 to 82 years (mean 66). Eighteen pa- 
tients were men, 6 were women and all were white. Fifteen 
patients had acute myocardial infarction, 5 had angina pec- 
toris, 2 had chest pain of unknown origin, 1 patient had con- 


^ . gestive heart failure caused by coronary artery disease, and 


1 had chest wall pain. Blood urea nitrogen and creatinine 
levels were normal in 19 patients; 2 patients had evidence of 
mild prerenal azotemia (normal serum creatinine) and 3 had : 
renal impairment (serum creatinine range 2.0 to 4.0 mg/dl). 
Six patients had mild liver enzyme abnormalities. 

An NTG infusion was prepared by adding 25 mg (5 iiij of 
NTG (Tridil®) to 250 ml of 5% dextrose in water in glass _ 
containers. To reduce adsorption and drug loss problems 
(estimated at 20 to 8096 using standard delivery systems), the 
Tridilset® delivery system with 1% adsorption (American 
Critical Care) was used.9"7 Constant infusion pumps main- 
tained consistency of flow. 'Tridilsets and bottles were changed 
at least every 24 hours. Intravenous NTG was begun at 5. 
ug/min and increased in 5-ug increments at a rate no less than 
every 5 minutes until satisfactory pain relief was achieved, 


^ providéd that hemodynamic findings remained stable. If the 


systolic pressure was less than 80 mm Hg, or less than 90 mm 
Hg with symptoms of dizziness, lightheadedness, diaphoresis 
or nausea, the N'TG, was decreased or discontinued. The 


. maximal NTG dose was maintained until chest pain was 
-controlled for a variable period of time and then decreased at 


5-ug increments every 5 to 10 minutes as tolerated. 
-A baseline methemoglobin level was collected immediately 


before i Lv. ONIG a ial ar 10 minutes after each 20-ug 


at 
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TABLE li Mean Methemogiobin Levets at Baseline (XB) Compared with Mean Methemoglobin Levels at Different Doses of 
NTG (X NTG) Using the Student t Test (Palred Samples, p <0.05) 


NTG Dose XB X NTG 
(g/min) (%) (%) 
. 20 0.376 0.41 
40 0.41 0.447 
60 0.475 0.4625 
80 0.53 0.4 
100 0.53 0.6 
Maximum 0.347 0.442 
Wean 0.39 0.51 


Calculated 
t Table t* p Value 
0.89 2.086 NS 
0.6 2.12 NS 
—0.15 2.365 NS 
—3.9 4.3 NS 
0.335 4.3 NS 
1.827 2.101 NS 
2.017 2.11 NS 


Maximum = maximal tolerated dose; NS = not significant; wean = before weaning from maximal tolerated dose; NTG = nitroglycerin. 


* Reference 6. 


ee increase, 10 minutes after the maximal dose and before 
weaning from the maximal dose. A patient receiving a maxi- 
mal dose of 75 ug/min would have blood levels collected at 
time 0, 20, 40, 60 and 75 ug (maximal dose) and before wean- 
ing. In 11 patients, methemoglobin levels were not drawn ac- 
cording to schedule or were inadvertently omitted (Table I). 
Three-milliliter arterial or venous blood samples were drawn 
into heparinized syringes. Methemoglobin levels were mea- 
sured using an IL-282 Co-Oximeter spectrophotometer and 
reported in percent methemoglobin.$? Blood samples from 
28 control subjects were assayed over a 6-day period. The 
average difference between the 2 levels assayed for each con- 
trol was 0.146 g % methemoglobin (range 0 to 0.4). 

All data were recorded by coronary care unit nurses on a 
prospective data collection form. The clinical status of the 
patient was continually monitored, and possible adverse ef- 
fects of methemoglobinemia,19-!? such as cyanosis, headache, 
brown-colored blood, weakness, tachycardia, breathlessness, 
dizziness and lethargy, were noted on the data form. Vital 
signs were recorded at the time each blood sample was drawn. 
Arrhythmias, adverse effects, the relative severity of chest 
pain and any other pertinent data were recorded. 

Medication histories were taken in order to screen for ad- 
ditional drugs that have the potential to induce methemo- 
globinemia,!*-!4 and all drugs administered during the infusion 
period were reviewed. Twenty-one of 24 patients had been 
exposed to acetaminophen, lidocaine or sublingual or topical 
nitrates in the preceding 24 hours. All but 8 patients received 
1 of these drugs during the NTG drip. Only 1 patient (no. 8) 
did not receive any drugs with the potential to induce 
methemoglobinemia. 

The Student t test (paired samples, p <0.05) was used to 
test for a significant difference between the mean methemo- 
globin level before administration of i.v. NTG and the mean 
methemoglobin level at successive dosage intervals of NTG. 


‘Each dosage interval tested used only that population of pa- 


tients with levels drawn at those doses. 


Results 


Twenty patients had chest pain before initiation of 
i.v. NTG treatment. Chest pain was treated by in- 


‘creasing i.v. NTG or adding sublingual NTG or nar- 


cotics, or doing all of these. Intravenous NTG alone at 
a dose of 10 to 40 ug relieved the chest pain in 6 patients 
in 1 to 3 hours. Three patients required intermittent 
sublingual NTG and i.v. NTG at a dose of 10 to 40 ug for 
1 to 7 hours to relieve chest pain. Intravenous narcotics 
and i.v. NTG at a dose of 30 to 70 ug for approximately 


' 10 hours relieved the chest pain in 3 more patients. Four 


patients received relief of chest pain with i.v. NTG, 
sublingual NTG and narcotics. Doses of N'T'G at the 


time chest pain was relieved ranged from 45 to 60 ug. 
Intravenous NTG, sublingual NTG and narcotics to- 
gether did not relieve the chest pain in the remaining 
4 patients. The most frequently reported symptoms 
while the patients were receiving i.v. NTG were chest 
pain (19), headache (10), nausea (9), shortness of breath 
with effort (8), sweating (7) and dizziness (1). 

Six of the 24 patients died in the hospital; only 2 of 
these patients were still receiving i.v. NTG when they 
died. 

Analysis performed using the Student £ test (paired 
samples, p <0.5) demonstrated no significant difference 
between the methemoglobin level at baseline and the 
methemoglobin levels drawn at 20, 40, 60, 80 and 100 ug, 
maximal dose and before weaning from the maximal 
dose. (Table II). 


Discussion 


Because previous studies have shown the potential 
of oral and topical nitrates and nitrites to induce 
methemoglobinemia,!>-18 this study was designed to 
determine the effects, in vivo, of the i.v. form of NTG 
on methemoglobin levels. 

When hemoglobin is exposed to an oxidant, the iron 
portion of the heme complex is changed from divalent 
to trivalent and becomes methemoglobin. Natural 
spontaneous oxidation of hemoglobin results in a 1 to 
2% methemoglobin range (percent total blood pigment) 
in the normal population.!9:*9 In high concentrations, 
the nitrates and nitrites can induce methemoglobinemia 
by oxidizing hemoglobin to methemoglobin faster than 
the methemoglobin-reductase enzyme system can re- 
convert it.1319 Because methemoglobin is unable to bind 


Teversibly with molecular oxygen, the physiologic result 


of this oxidative process is displacement of the oxy- 
gen-hemoglobin dissociation curve to the left.?! The 
extent to which methemoglobinemia develops depends 
upon the dose of the drug and the susceptibility of the 
exposed individual. The adverse consequences to pa- 
tients with coronary disease include decreased amounts 
of oxygen available to the tissues and impaired un- 
loading of oxygen to the tissues.10:11 This could result 
in cyanosis and potential exacerbation of symptoms.”° 
Some persons are asymptomatic with methemoglobin 
levels as high as 20 to 3096 (3 to 4 g/dl) while others de- 
velop cyanosis with methemoglobin levels as low as 10% 
(1.5 g/dl). As the level of methemoglobin increases, 
headache, weakness, breathlessness and tachycardia 
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may develop. Blood of chocolate-brown color is char- 

acteristic of methemoglobinemia, especially when levels 

are greater than 1596.18 

Three previous studies discussed the association of 
iv. NTG with methemoglobinemia. Gibson et al?? re- 
ported methemoglobinemia occurring in a patient who 
reached a maximum dose of 30 ug/kg/min i.v. NTG over 
a 6-day period. At the time of coronary bypass surgery, 

‘dark arterial blood, characteristic of methemoglobi- 
nemia, was noted and a methemoglobin level of 9.6% 
(1.4.g/dl) was measured. Husum et al?3 suggested 
methemoglobinemia is not a risk in patients receiving 
i.v. NTG in standard doses; the methemoglobin level 
drawn on a patient reaching an 8-ug/kg/min dose of i.v. 
NTG in 24 hours was within normal limits. Yamamura 
et al? studied changes in methemoglobin levels by in- 
cubating NTG in whole blood and washed cell suspen- 
sions. At an NTG concentration of 50 ug/ml, there was 
an increase in methemoglobin levels from a baseline of 
0.5 to 2 and 3%, respectively. In vivo methemoglobin 
levels and methemoglobin-reductase activity in 11 pa- 
tients receiving i.v. NTG during surgery showed no 
change from baseline. 

‘In our study of 24 patients, no significant difference 
was found between methemoglobin levels at baseline 
and methemoglobin levels at specified dosage intervals 
during i.v. NTG administration (‘Table II). The maximal 
dose achieved in this study ranged from 0.32 to 2.12 
ug/kg/min. Considering the usual NTG infusion range 
:to be 0.5 to 3.0 ug/kg/min, Gibson's and Husum’s pa- 
"tients were 10 times and 3 times the normal range, re- 
spectively. This suggests that possible changes in 
methemoglobin levels may be related to larger than 
normal doses of NTG administered over prolonged 
‘periods of time. 

.No correlation was seen between NTG infusion rates 
and changes in plasma methemoglobin levels. The 
plasma methemoglobin concentrations fluctuated 
within a normal range throughout the study. 

_ Twenty-three of the 24 patients received drugs that 
have the potential to induce methemoglobinemia. Be- 
cause there was no significant increase in the methem- 
oglobin levels, these drugs either did not potentiate or 
add to the methemoglobin levels, or the intake of these 
agents was not enough to be significant. The symptoms 
reported were those frequently seen in patients with 

‘acute coronary disease.!! Intravenous NTG relieved the 
chest pain in 14 of the patients, although the dose per- 
mitting relief varied widely and additional drugs were 
sometimes needed. Shortness of breath with effort, cool 
extremities and weakness were more likely associated 
with hypoperfusion secondary to heart failure or low 

‘cardiac output, because methemoglobin levels did not 
significantly change.* Headaches were a common ad- 
verse effect of i.v. NTG and were treated with aspirin 
or acetaminophen. Only 2 patients obtained complete 
relief, whereas 8 patients continued to have headaches 


intermittently throughout the duration of the i.v. NTG. 
'The NTG dosage at the onset of the headache was 15 to 
35 ug, although 1 patient did not complain of headache 
until 60 ug had been reached. The headaches were rarely 


severe enough to prohibit the continuing use of i.v, . 


NTG. 

Nineteen patients were normotensive and 5 patients 
were hypertensive when the NTG therapy was begun. 
Hypotension necessitating discontinuation of the drug 
occurred in only 1 patient. The blood pressure of all 
patients was stable at the time the N'TG was discon- 
tinued. Blood pressure was easily regulated and the 


effective dose of i.v. NTG for relief of chest pain did not . 


produce major changes in blood pressure. 


Acknowledgment: We are grateful to the coronary care 
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! In Vitro Study of the Pressure-Velocity Relation 
Across Stenotic Orifices 


| MAYLENE WONG, MD, GOVINIDAN VIJAYARAGHAVAN, MD, JONG HOA BAE, MD, 
and PRAVIN M. SHAH, ND 


In a hand-driven, pulsatile in vitro model, the pres- 
sure-velocity relation across stenotic oriflces was 
studled from simultaneous measurements recorded 
over a wide range of pressure and across differ- 
ent-sized orlfices, Individually and palred. Velocity 
spectra were recorded with continuous-wave 
Doppler ultrasound. in a rigid, noncompliant system, 
integrated instantaneous maximal velocities pre- 
cisely register simultaneous Integrated pressure 
gradients without measurable phase shift. Across 
stenotic orifices of 5 to 10 mm In diameter, the 


During our initial experience with the Doppler ultra- 
sound method for estimating pressure gradients across 
stenotic aortic valves, purported overestimates com- 
pared with invasive measurements motivated us to ex- 
amine the technique in an in vitro system. Does the 
simplified Bernoulli equation apply to small orifices in 
the presence of more than 1 orifice? Is there a phase 
shift between the recording of pressure and velocity? 
We designed our experiments around 3 questions that 
were examined in a model modified after Holen et al: 
Is the pressure-velocity relation constant (1) throughout 
the spectral display, (2) for different-sized orifices, and 
(3) for 2 orifices simultaneously? 


Methods 


: Pressure gradients were generated in a lucite box that 
measured 12 X 12 X 17 cm using a manually pushed syringe, 
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pressure-velocity relatlon Is Independent of oriflce 
size for pressures extending from —30 to +240 mm 
Hg. The relation is quadratic and crosses 0. In this 
model, application of the simplified Bernoulli 
equation transforms the relation from curvilinear to 
linear with a blas toward the derlved-pressure axis. 
In the presence of 2 different-sized orifices, the 
pressure-velocity relation remains constant, with a 


given pressure producing 2 identical velocities. 


(Am J Cardiol 1985;56:465-469) 


and resultant flow velocities were recorded with a continu- 
ous-wave Doppler probe (Fig. 1). The syringe is suspended 
from the top and accepts a commercially available nylon and 


rubber plunger (Fig. 1A) that measures 28 mm (i.d.). Beyond 


the end of the excursion of the plunger is a chamber (Fig. 1B) 
that is 14 mm high with an internal diameter of 26 mm, from 
which pressure is measured. The bottom is fitted with inter- 
changeable discs (Fig. 1C) 2 mm thick with orifices 5, 7. and 
10 mm in diameter. One disc has 2 orifices of 3 and 9 mm in 
diameter, placed 13 mm apart. The height of the syringe is 
adjustable so that the stroke volume and distance between the 
orifice and transducer can be varied. Luerlok fittings are 
mounted on 1 side of the box and on the opposing side of the 
pressure chamber. À 16-gauge needle, fitted to the syringe, can 
be blindly docked with the opposing Touhy Borst adapters 
to make a fluid-tight connection with a strain gauge for 


- monitoring pressure (Fig. 1D). A luerlok adapter (Fig. 1E) set 


to the side is connected to a second reference gauge. A central 
hole (Fig. 1F), 50 mm in diameter, provides a sampling 


port. 

The box was filled with 2 liters of anticoagulated canine 
blood, equilibrated to room temperature. Positive pressure 
varied from 20 to 240 mm Hg by changing the force of delivery: 


and stroke volume between 35 and 55 ml. A full range of 


pressures was run with each orifice size. The resultant flow 
velocities were sampled from the bottom using Pedof 2-MHz 
transducers (Fig. 1G), amplified and recorded through an Irex 
System III (Exemplar), 2-dimensional echo-Doppler unit. 
Continuous recordings of instantaneous maximal velocities 
were made on the Irex recording system, run at 50 mm/s. Si- 
multaneous pressure tracings from the pressure chamber on 
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FIGURE 1. Pressure-velocity chamber modified after Holen et al. ! 


the syringe and from the main box were amplified and re- 
corded through a Hewlett-Packard system (4588C) and 
Honeywell recorder (1858), onto ultraviolet-sensitive paper 
run at 50 mm/s. Both positive and negative signals were re- 
corded, the latter during the withdrawal of the plunger to fill 
the syringe. When velocity signals from 2 orifices were gen- 
erated, a second Irex system was used with matched gain 
settings. 

The independent variables examined were orifice size, 
number of orifices and pressure gradient. The resultant ve- 
locity spectra were analyzed for amplitude and configuration. 


m/sec 





The criterion for an acceptable curve was a continuous enve- 
lope formed by the maximal velocities in the spectral display. 
We excluded 30% of the velocity spectra because of noise 
created by the introduction of air into the syringe when the 
discs were changed and because of incomplete spectral en- 
velopes that were partially a result of nonparallel alignment’ 
between the jet and ultrasound beam. Peak (highest) velocities 
of 134 curves were read independently by 2 observers and an 
average was reported. Reference peak pressures were read by 
a third observer. Thirty well-defined tracings with intense 
darkening of the maximal velocities were selected for com- 
paring peaks and valleys throughout the spectral output with 
corresponding peaks and valleys on the pressure waveforms. 
Once selected, velocities and pressures were interpreted in 
blinded fashion from each other. Pressures were derived from 
the velocity spectra using the simplified Bernoulli equation: 
pressure gradient = 4 X velocity’. 

Linear regression was used to describe the relation between 
measured and derived pressure and between simultaneous 
velocities across 2 orifices. Two standard deviations (SD) were 
used to define the distribution about the regression lines. 


Results 


The velocity spectra and pressure waveforms were 
similar in contour on visual examination. The integrated 
maximal velocities registered the integrated pressure 
gradients and the closeness of the registration was seen 
at low and high pressure gradients (Fig. 2). When the 
Bernoulli equation was applied to the Doppler signals 
and pressure was derived at short intervals, the velocity 
tracings were seen as exact registrations of the simul- 
taneous pressure tracings. Figure 3 is a composite of 3 
velocity and pressure tracings. The middle figures 
represent reconstructed pressure plots taken from the 
velocity tracings at 12.5-ms intervals. 

The pressure gradient-flow velocity relation was in- 
dependent of orifice size. The data, generated from runs 
using 4 different-sized orifices, define a single quadratic 
function that continues through 0 without apparent 


FIGURE 2. Three companion pressure and simultaneous 
velocity tracings recorded at low and high gradients. The 
paper speeds are 50 mm/s + 2%. The pressure tracings 
have been enhanced to compensate for the low contrast of 
the ultraviolet-sensitive paper. 
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FIGURE 3. Composite of 3 velocity 
profiles, derlved-pressure curves 
plotted at 12.5-ms intervals and 
measured pressure curves. 
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hysteresis. This pressure- -velocity relation is best de- 
picted in Figure 4, which is a plot of simultaneous 
pressure and velocity points from the ideal velocity 
spectra. Replotted as derived pressure compared to 
measured pressure in Figure 5 converts the relation 
from a power to a linear function with a bias toward the 
derived (velocity) ordinate, y = 1.18x + 2.18 mm Hg + 
7.5 (2 SD). 

The pressure-velocity relation described by peak 
maximal velocities and peak pressures was less clear. 
Figure 6 plots the measured peak and Doppler-derived 
peak pressures. Compared with Figure 5, the splay is 
greater; however, the slope and intercept are similar, y 
= 1.17x + 0.81 mm Hg + 36.6 (2 SD). 

The pressure-velocity relation held for 1 and 2 ori- 
fices. Figure 7 is a composite of continuous pressure and 
simultaneous Doppler signals from 2 orifices, 3 and 9 
mm in diameter and placed 13 mm apart. The velocity 
profiles are superimposable. The comparison between 
23 pairs, as derived pressure, are described by y = x + 
0.7 mm Hg + 5.2 (2 SD). Therefore, given the same 
pressure gradient, 2 different-sized orifice jets produced 
the same velocity. 

J 


| Discussion 


During our early experience with the Doppler method 
for estimating pressure gradients across stenotic valves, 
purported discrepancies between invasive and nonin- 
vasive data motivated us to examine the technique in 
an in. vitro system. We chose Holen's model for its 
simplicity and because its design lent itself to answering 
the questions we posed. 


a 
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eh eee we? 


MEASURED 
PRESSURE 


DERIVED 
PRESSURE 


We were struck by the fidelity with which the velocity 
signal reproduced the configuration of the pressure 
waveform. Rapid changes in amplitude and direction 
of the pressure were precisely registered by the velocity 
spectra (Fig. 3). Although we were unable to register 
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FIGURE 4. Plot of peaks and valleys from 31 pressure tracings and 
corresponding points on the velocity spectra generated across 4 dif- 
ferent-slzed orifices. Both positive and negative pressures and forward 
and backward velocity tracings are plotted. 
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FIGURE 5. Measured pressure and derived pressure from velocity 
data of Figure 4. Thinner line is the line of identity. SD = standard 
deviation. 


simultaneous pressure and velocity signals on a single 
recording, time to peak pressure and time to peak ve- 
locity varied no more than 20 ms, or 1 mm of paper, 
which coincides with the 2% variability in paper speeds 
of the 3 recorders. Our data indicate that in a rigid sys- 


tem, there is no measurable phase lag between pressure’ 


and velocity, and suggest that phase shifts recorded 
from in vivo studies are due to inertia and compliance 
of the biology. 


When peak maximal velocities of all readable tracings - 


(Fig. 6) were analyzed, a wide distribution resulted, 
which was likely a result of inclusion of lesser quality 
spectra and to an interobserver variability of 7 + 12% 
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FIGURE 8. Measured peak and derived peak pressures from all readable 
velocity spectra. SD = standard deviation. 


(mean + SD). The exactness with which the Doppler 
signal reproduced the pressure waveform indicated that 
the pressure-velocity relation was constant over the 
entire spectral display. Therefore, Figure 4 was plotted 
using multiple peaks and valleys from only high quality 
spectra. Corresponding points on the pressure signals 


were always obvious. Our model fortuitously provided 


us with negative pressures and reverse velocity spectra 
with subsequent data points to show convincingly that 
the pressure-velocity relation empirically passes 
through 0 as theory would predict. Studies of animal 
models and patients show similar curvilinear distribu- 
tions of pressure-velocity data points in the positive 
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quadrant, but with enough scatter so that in some in- 
stances, the points were linearly regressed.* 4 Because 
the Bernoulli equation relates the pressure gradient to 
the square of the velocity, the equation must be applied 
to transform the relation to a linear function. 

We can compare our results with only 2 published in 
vitro studies. Holen et al! were. the first to apply the 
principle of conservation of mass and the continuity 
equation to ultrasound data for determining pressure 
gradients across stenotic orifices. Measured and derived 
pressure gradients compared well except for smaller 
orifices of 3.5 mm or less in diameter. Their explanation 
for the resultant underestimation was that the validity 
ofthe simplified Bernoulli equation to predict pressure 
gradients is dependent on a sufficiently large Reynolds 
number, which in turn is dependent on the orifice di- 
ameter. In flow states of low Reynolds numbers, viscous 
resistance is no longer negligible and kinetic losses (4 
X velocity?) no longer account for most of the pressure 
decrease. 

In the only other comparable study, Requarth et al® 
used a steady-flow water system to evaluate Doppler 
prediction of gradients and orifice areas. They varied 
flow and orifice size and compared Doppler-measured 
velocity to velocities derived from pressure gradients 
and flow, using the continuity equation. For orifices 
larger than 6.1 mm in diameter, Doppler-derived data 
accurately estimated pressure gradients and orifice 
areas. Deviations with smaller orifice areas were due to 
nonlaminar, spraylike orifice jets, and the use of an 
incorrect coefficient of discharge in the continuity 
equation. 

Pertinent to our data, specifically, the 20% bias of the 
Doppler-derived pressure above the line of identity (Fig. 
5) are the analyses by Requarth et al^ Under- and 
overestimations of velocity and area of up to 12% and 
40%, with the smallest orifices, depend importantly on 
mathematical modeling and assumptions made in 


applying the Bernoulli equation. In addition, because 
of the quadratic relation between pressure and velocity, 
small differences become magnified. A 5% difference in 
the calibration factor becomes a 10% difference in the 
conversion of velocity to pressure. 

Another consideration pointed out by Holen et al! is 
the geometry of the orifice inlet. Rounded, nozzle-like 
inlets have discharge coefficients close to unity, whereas 
sharp-edged inlets have coefficients close to 0.6. Our 
orifices are sharp-edged; the effect is to reduce the ef- 
fective orifice area, which for any given flow would ob- 
ligate an increase in velocity. 

We cannot say which and how any of the above- 
mentioned factors affected the pressure-velocity rela- 
tion. We believe the velocity measurements to be correct 
and their precise registration of pressure gradients and 
description of the quadratic relation to pressure and 
clear crossing of zero to be validations for applying the 
Bernoulli equation to Doppler measurements for pre- 
dicting stenosis gradients. 


Acknowledgment: Technical assistance from Ruth Alejos 
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acknowledged. 
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Effect of Diltiazem and Ibuprofen on Right Ventricular 
‘Hypertrophy in an Experimental Model of 
Hypoxic Pulmonary Hypertension 


WILLIAM C. REEVES, MD, MARY ANN WOOD, BS, LAWRENCE WHITESELL, BS, 
| and NANCY SCHILDT, BS 


The effectiveness of diltlazem, a slow channel cal- 


cium blocker, Ibuprofen, a nonselective inhibitor of 


. prostanoid synthesis, and the selective inhibition of 


thromboxane A» with imidazole and UK-38,485 in 
retarding the development of right ventricular (RV) 


: hypertrophy was assessed In a rat model of chronic 


hypoxic pulmonary hypertension. Both Ibuprofen and 


diltiazem significantly reduced RV hypertrophy in 


| Cor pulmonale is produced by chronic hypoxic pulmo- 
" nary hypertension (PH); however, how hypoxia causes 
: PH is unknown.? A chemical mediator that is released 


- or generated within the lungs during hypoxia is a likely 


- mechanism. Thromboxane Ag, a potent vascular smooth 
"muscle vasoconstrictor, has been suggested to be such 


a mediator in the setting of experimental PH induced 


. by endotoxin. We studied the effect of selective 


` thromboxane Ag inhibition and nonselective inhibition 
of prostanoid synthesis on the development of right 

- ventricular (RV) hypertrophy in an experimental ani- 
mal model of hypoxic PH. 


- Slow channel calcium blockers have been used to 


. blunt the hypoxic pulmonary pressor response in hu- 


mans* and experimental. models.?77 One such agent, 


diltiazem, has been used to-decrease PH and RV hy-’ 
. pertrophy in patients predominantly affected by pri- 
‘mary PH.9? We evaluated the effectiveness of diltiazem 


in reducing the hypertrophic response of the right 


ventricle to chronic hypoxia in an experimental 


, 


* model. ; 
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the chronically hypoxic rat. in contrast, selective 
inhibition of thromboxane A, was Ineffective in re- 
ducing RV hypertrophy. The beneficial effect of 
ibuprofen was unrelated to inhibition of thromboxane 
A». Furthermore, thromboxane A, did not appear to 
be Involved in the development of RV hypertrophy : 
In this experimental model of hypoxic pulmonary 
hypertension. (Am J Cardiol 1985;56:470-472) 


Methods 


Anima] model: Male Sprague-Dawley rats (250 to 300 g) 
were used in all experiments. Hypoxia was induced in a vinyl 
glove box (Standard Safety Equipment Co.), 24 X 24 X 48 
inches when inflated. Ánimal handling and routine cleaning 
were done without interruption of hypoxia. The hypoxic en- 
vironment (10% O2) was maintained by passing a mixture of 
compressed air and nitrogen through the chamber at a.rate 
of approximately 5 liters/min. The gases were mixed using a 
dual flowmeter mixing system, which also regulated individual 
and combined gas flow. 

Throughout the study, chamber air was sampled daily and _ 
tested for oxygen content using a Fyrite Os analyzer. The 
samples showed a fluctuation of less than 1% oxygen over 3 
weeks of exposure, with the fluctuations usually occurring 
after material was entered through the port, such as during 
cleaning. 

Diltiazem study: Twenty rats were placed in the 10% 
oxygen environment for 3 weeks. 'l'en rats were given intra- 
peritoneal diltiazem (20 mg/kg), 2 times a day (7 AM and 8 
PM), and 10 were given intraperitoneal normal saline solution 
2 times a day. Ten rats were not exposed to hypoxia and served 
as controls. 

Prostaglandin inhibition study: Twenty-five rats were 
placed in the 10% oxygen environment. Eight were given in- 
traperitoneal ibuprofen (12.5 mg/kg), 2 times a day (7 AM and 
8 PM). Three rats were given intraperitoneal imidazole, a se- 
lective thromboxane synthetase inhibitor (30 mg/kg), 2 times — 
a day, and 6 were given-intraperitoneal UK-38,485, an imid- _ 
azole derivative that is also a thromboxane synthetase in- 


we 
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TABLE! Right Ventricular Mass and Thromboxane Values 


Diltiazem 
Normoxic Controls Control Hypoxia Diltlazem Hypoxia 
: RV mass 0.34 + 0.01 0.62 + 0.05 . 0.49 + 0.02" 
Prostaglandin inhibition 
Normoxic Controls Control Hypoxia . TXAg inhibition Ibuprofen 
RV mass 0.27 + 0.01 0.49 + 0.01 0.44 + 0.02 0.39 + 0.031 
TXB (pM/ml) 1.26 + 0.44 0.31 + 0.081 1.12 + 0.06 


* p «0.01 compared with control hypoxia. 
t p «0.05 compared with control hypoxia. 


i 
ij 


hibitor (10 mg/kg), 2 times a day. Eight rats were given in- 
traperitoneal normal saline solution 2 times a day. Nine 
normoxic rats served as controls. 

Thromboxane Bz was determined by radioimmunoassay 
in all 3 hypoxic groups. Two milliliters of heparinized blood 
were obtained when the rats were killed. Blood was collected 
in tubes containing 0.1 ml of 250 uM sodium meclofenamate. 
The samples were centrifuged at 2,000 g for 30 minutes and 
the plasma transferred to tubes where it was immediately 
frozen and shipped to Hazelton Laboratories America, Inc., 
for determination of thromboxane Bo. The thromboxane B» 
metabolite must be measured because of the extremely short 
half-life of thromboxane Ax and its instability in aqueous 
solvent. 

All samples were assayed in duplicate in a single set. Du- 
plicate 50-ul aliquots of each unknown plasma sample, control 
plasma and known thromboxane B; standard solutions were 
dispensed into disposable 12 X 75 mm culture tubes. Radio- 
labeled thromboxane Bz and antibody to thromboxane B» 
were added and the tubes were incubated at room temperature 
for 2 hours. Saturated ammonium sulfate solution (0.2 ml) was 
added and the samples were centrifuged at 3,500 rpm for 15 
minutes at 4°C. Unbound radioactivity was determined by 
comparison with a set of standards constructed with known 
amounts of thromboxane Be (0.025, 0.05, 0.1, 0.2, 0.4, 1.2, 2.5 
and 5.0 pM/ml). 

Right ventricular mass: At the end of 3 weeks of chronic 
hypoxia all rats were killed with an overdose of pentobarbital. 
The heart was excised and the RV free wall was isolated and 
weighed. The weight of the left ventricular free wall and sep- 
tum was determined. RV mass was expressed as the ratio of 
the RV weight divided by the left ventricular free wall and 
septal weight. 

Statistical analysis: Comparison of data was made by 
analysis of variance followed by the Student-Newman-Keuls 
multiple range test. A p value «0.05 was considered statisti- 
cally' significant. Data are presented as mean + standard error 
of " mean. 


! Results 


Diltiazem study: RV mass was significantly (p 
<0. 01) less in the normoxic controls (0.34 + 0.01) than 
in the control hypoxia or diltiazem hypoxia groups. RV 
mass was significantly less (p «0.01) in the diltiazem 
hypoxia group (0.49 + 0.02) than in the control hypoxia 
group (0.62 + 0.05) (Table I). 

Prostaglandin inhibition study: RV mass was sig- 
nificantly (p <0.05) reduced in the ibuprofen group 
(0.39|+ 0.03) compared with control hypoxia (0.49 + 
0.01) but not with selective thromboxane Ag inhibition 
(0.44'+ 0.02) (Table I). 


RV = right ventricular; TXA- = thromboxane Aj; TXB} = thromboxane Bo. 


Thromboxane Be was 1.26 + 0.44 (pM/ml) in the 
control hypoxia group and 1.12 + 0.06 pM/ml) in the 
ibuprofen group. It was significantly reduced (p <0.05) 
only in the group given specific thromboxane Ag inhi- 
bition (0.31 + 0.08 [pM/ml]) (Table I). 


Discussion 


Hypoxic PH is a frequent accompaniment of a variety 
of lung disorders.^? One of its complications is cor 
pulmonale, which is characterized clinically by chronic 
respiratory failure and exacerbation of peripheral 
edema.! The presence of cor pulmonale suggests a poor 
patient prognosis.9!! In cor pulmonale, the most ob- 
vious heart pathology is RV hypertrophy. We found 
that diltiazem, a slow channel calcium blocker, retarded 
the development of RV hypertrophy in a rat model of 
chronic hypoxic PH. In contrast, Young et alf reported 
studies in which diltiazem was ineffective in reducing 
hypoxic-induced elevations of pulmonary artery pres- 
sure and resistance in anesthetized dogs. However, 
Crevey et al? found diltiazem moderately effective in 
reducing pulmonary artery pressure at rest and pul- 
monary vascular resistance during exercise in 4 of 5 
patients with precapillary pulmonary hypertension. In 
addition, Kambara et al® reported a reduction in pul- 
monary artery pressure and RV hypertrophy in a pa- 
tient with primary PH. 

Prostaglandins have been implicated in the genesis 
of some forms of PH. An initial report by Said et al!? in 
isolated rat lungs suggested that inhibition of prosta- 
glandin synthesis at the cyclooxygenase level blunted 
the hypoxic pulmonary pressor response. However, 
subsequent reports!?14 in a variety of different exper- 
imental models have disputed this finding. Recently, 
thromboxane Ag, a prostanoid smooth muscle vaso- 
constrictor, has been found to play a role in pulmonary 
artery hypertension induced by endotoxin.? We assessed 
the ability of selective thromboxane Ag inhibition to 
retard the development of RV hypertrophy in an intact 
rat model of chronic hypoxic PH and compared its ef- 
fect to that of ibuprofen, a nonselective inhibitor of 
prostaglandin synthesis. We documented significant 
reduction in thromboxane Ax production by the selec- 
tive thromboxane A» inhibitors but failed to see a re- 
duction in hypoxic-induced RV hypertrophy. This was 
in contrast to ibuprofen, which did not suppress 
thromboxane Ag in the dose administered, but did sig- 
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, nificantly retard the development of RV hypertrophy 


-in the hypoxic environment. Ibuprofen's mechanism of. 


. action in creating this salutary effect is uncertain. 
 Ibuprofen has been shown to dilate isolated perfused 
' eat coronary arteries.!® The mechanism of action for this 
vascular smooth muscle dilatation is not known. If 
ibuprofen blocked the lipoxygenase pathway for ara- 
- chadonic acid metabolism, it could reduce pulmonary 
artery hypertension!®; however, ibuprofen has been 
shown to be only a weak inhibitor of lipoxygenase.!? 
Ibuprofen has been shown to attenuate pulmonary 
". vasoconstriction resulting from injection of activated 
: leukocytes in anesthetized sheep.!? Its ability to perform 
this function appears related to inhibition of superoxide 
. generation by activated neutrophils,!? because oxygen 
, radicals generated in this fashion can cause pulmonary 
vasoconstriction.?0 
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Effects of Repeated Brief Coronary Occlusion on Regional 
Left Ventricular Function and Dimension in Dogs 


JOHN M. NICKLAS, MD, LEWIS C. BECKER, MD, and BERNADINE HEALY BULKLEY, MD 


| 


The cumulative effects of repeated, brief episodes 
of reglonal ischemia on myocardial function and 
dimension were examined In 14 open-chest dogs. 
The left anterior descending coronary artery was 
occluded for 5 minutes, followed by 10 minutes of 
reflow, repeated 16 times, and then 1 hour recovery. 
Systolic function decreased progressively In seg- 
ments made repetitively Ischemic and remained 
depressed even after 1 hour of recovery. Average 
systolic shortening decreased 20% from baseline 
after recovery from the first occlusion, 82% after 
the 8th, 91% after the 16th, and 104% after the 1 
hour recovery (p < 0.015, analysis of varlance). 
End-diastolic segment length progressively in- 
creased in regions made repetitively Ischemic, 
lengthening 4% after the first occlusion, 10% after 
the third occlusion, 19% after the sixteenth occlu- 
sion, and 16% after 1 hour of recovery (p <0.02). 
Nonischemic end-diastolic segment length also 


The functional response of the myocardium to ischemia 
js known to be extremely rapid. In 1935 Tennant and 
Wiggers demonstrated in the dog that systolic con- 
traction of regionally ischemic myocardium disappeared 
within 1 minute of coronary occlusion.! Functional ex- 
pansion (ie., regional thinning and dilatation) of 
ischemic myocardium has also been shown to occur 
within minutes of coronary occlusion in the dog.?-$ 
These early responses to ischemia begin before the 
myocardium has suffered irreversible damage. Short 
m of regional ischemia in the dog followed by re- 
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showed a smaller but parallel Increase, while non- 
ischemic systolic function showed compensatory 
improvement. After the dogs were killed, myocardial 
staining with triphenyl tetrazolium chloride revealed 
no necrosis. Electron microscopy, performed in 5 
dogs, showed scattered mitochondrial swelling in 
both postischemic and nonischemic regions, but no 
evidence of Irreversible Injury. The ratio of myo- 
cardial blood flow in the region made repetitively 
ischemic to nonischemic flow, as measured with 
microspheres, was 1.00 + 0.02 before the occlu- 
sions and 0.90 + 0.03 Just before death (difference 
not significant). Thus, in the dog progressively ab- 
normal reglonal systolic function and regional and 
global diastollc dilatation can be produced by re- 
petitive, brlef, coronary occlusions, which are not 
assoclated with histochemical or ultrastructural 
evidence of myocardlal necrosis. 

(Am J Cardiol 1985;56:473-478) 


perfusion are associated with recovery of systolic 
function and diastolic dimension without evidence of 
necrosis.‘ However, if ischemia is maintained for 
several minutes, recovery may be remarkably delayed. 
Heyndrickx et al? found that a 5-minute coronary artery 
occlusion in the dog produced regional myocardial 
dysfunction for as long as 3 hours, while a 15-minute 
occlusion depressed function for more than 6 hours. The 
effect of repeated brief episodes of sublethal ischemia 
on myocardial function is unknown. Geft et al" showed 
that 5 to 15 minutes of coronary occlusion, when re- 
peated, may produce a cumulative histochemical injury. 
'This study determines whether repeated brief coronary 
occlusions have a cumulative effect on systolic function 
and regional shape and whether this effect can occur in 
the absence of myocardial necrosis. 


Methods 


Animal model: Fourteen healthy adult mongrel dogs that 
weighed 22 to 26 kg were anesthetized with intravenous pen- 
tobarbital (30 mg/kg), and respiration was supported by me- 
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` Micromanometer 
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Risk Region 
FIGURE 1. The model of intermittent Ischemia. Repetitive occlusions 
of tho left anterlor descending coronary artery were produced by in- 
' flation of the pneumatic occluder placed around the vessel. Palred ul- 
trasonlc crystals implanted within the ischemic zone and in the n 
-ischemic posterior wall were used to measure end-diastolic segment 
. length and systollc shortening. 


" ‘chanical ventilation. A left thoracotomy was performed and 
: . the heart exposed. Pairs of 5-MHz cylindrical piezoelectric 


ultragonic crystals (0.06 inch outside diameter, 0.06 inch long, 


0.016 inch thick; Vernitron) were implanted into the mid-left | 


ventricular (LV) wall, 10 to 15 mm apart, and oriented parallel 
' to the minor axis.? Crystal pairs were placed in the anterior 
and posterior walls. A silicone rubber catheter was implanted 
in the left atrium at the base of the atrial appendage and ori- 
ented to allow passage of a No. 5Fr micromanometer catheter 
. across the mitral valve into the LV cavity. À pneumatic oc- 
cluder was placed around the proximal anterior descending 
coronary artery immediately after the first diagonal branch 


(Fig. 1). Plastic catheters were inserted into the left atrial. 


. appendage and external carotid artery. 
Recordings of ultrasonic segment lengths, LV pressure, and 
external electrocardiogram were made on a Brush forced-ink 


~. -oecillograph (model 200). An ultrasonic transit time dimension 
` ' gauge (Scheussler) was used to measure segment lengths. LV - 


_ pressure was recorded with a micromanometer (Millar PC350) 
introduced through the left atrial catheter. 


. Blood flow in the myocardium was determined by radio- | 


active microspheres (7 to 9 um, 3M Co.) injected into the left 
atrium. The microspheres were sonicated for 3 to 5 minutes 
before each injection. Approximately 4 million microspheres 
' were injected while reference arterial samples were withdrawn 
ata constant rate of 2.25 mi/min, beginning 10 seconds before 
and continuing for 90 seconds after injection. 
Experimental protocol: In 12 dogs the left anterior de- 
| scending coronary artery was occluded for 5 minutes, followed 
: by 10 minutes of reflow, repeated 16 times, and then 60 min- 
utes of recovery. Cyanosis was evident after each occlusion, 
and was reversed with each reflow. Hemodynamic measure- 
ments and segment length recordings at 25 and 50 mm/s were 
made at baseline, at the end of recovery, and at the end of the 
first, eighth, and sixteenth 10-minute reflow periods. Myo- 
_ cardial blood flow was measured at baseline and at the end of 


' recovery. Two dogs were studied as controls with the chest 


. open for 5 hours to measure deterioration in the preparation. 
After instrumentation, recordings from these dogs were ob- 
` tained over the 5-hour period without coronary occlusions. 
.' After recovery, the dogs were killed by injection of 15 ml of 
* 'gaturated potassium chloride solution into the left atrium and 
-. the heart was rapidly excised. The hearts were sectioned 


transversely through the ventricles, and the tissue block at the 
crystal pair sites excised, cut longitudinally and incubated in 
triphenyl tetrazolium chloride (TTC) at 37°C for 20 minutes. 
Myocardium stained bright red was identified as viable; un- 
stained tissue, i.e., tissue depleted of NAD, was identified as 
irreversibly injured. ° 

After staining, the sections of myocardium were weighed, 
placed in vials and counted for radioactivity in a well-type 
gamma scintillation counter (Packard model 5986) together 


with the reference blood samples. Regional myocardial blood : 


flow was calculated from the formula: F = R X (Cm/Cr) 
(ml/min/g), where F = flow in myocardial tissue sample 
(ml/min/gm), R = withdrawal rate of reference arterial blood 
(ml/min), Cm = corrected counts per g in myocardial tissue 
sample, and Cr = total counts in reference blood samples. 
Sections were counted full thickness. 

Morphologic study: Electron microscopy was performed 
on biopsies of myocardium from the crystal pair sites in 5 of 
the dogs. The samples were minced, and placed in cold 3% 
glutaraldehyde in 0.1 M Millonig’s phosphate buffer, postfixed 
for 1 hour in 1% Millonig’s phosphate buffer, en bloc stained 
with uranyl acetate, dehydrated in alcohol and acetone, and 
embedded in epoxy resin. Ultrathin sections (600 to 900 A) 
were stained with lead citrate and examined with the electron 
microscope. 'Ten to 15 electron micrographs of 2,500 to 10,000 
X magnification were obtained per biopsy and examined for 


- evidence of subcellular injury. 


Data analysis: Systolic function was expressed as the 
fractional change in segment length from end diastole to end 
systole. The end of diastole was defined from the LV pressure 
tracing as the time immediately preceding the upstroke of 
ventricular systole. End systole was defined as occurring at 
peak negative dP/dt.9 An analysis of variance was applied to 
changes over time in diastolic dimension and systolic function. 
A paired t test was used to compare myocardial blood flow 
before and after occlusions. 


Results | 
In 3 of the 12 dogs undergoing repetitive occlusions, 


ventricular fibrillation developed during the first or . 


second reflow period. All 3 dogs were successfully defi- 
brillated and allowed to recover for 1 hour before they 


were killed. However, because of the variable ischemic 


insult during fibrillation, these dogs were excluded from 
the study analysis. The remaining 9 animals survived 
the protocol without ventricular fibrillation. During 
each occlusion the ischemic region became cyanotic and 
showed marked paradoxical lengthening during systole 


` (Fig. 2). Similarly during ischemia, end-diastolic 


segment length increased in the zone of coronary 
occlusion. 

Hemodynamics: Average heart rate, peak LV pres- 
sure and LV end-diastolic pressure are shown in Table 
I. Heart rate and peak LV pressure progressively in- 


creased approximately 10% over the course of the ex- 
periment. LV end-diastolic pressure increased primarily . 


after the first occlusion and remained relatively con- 
stant after subsequent occlusions. 

Systolic function: Systolic function measured at the 
end of each reflow period showed a cumulative deteri- 
oration in the region made repetitively ischemic (Fig. 
3). Repeated measurements of percent systolic short- 
ening in the anterior wall were (mean + standard error 


of the mean) 19 + 2% shortening at baseline, 14 + 2% : 


after the first occlusion, 3 + 4% after the eighth occlu- 


` 
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and the electrocardiogram (ECG) during the control period before repetitive occlusions; during the first episode of Ischemla; at the end of reflow 


FIGURE 2. Recordings from 1 dog showing the left ventricular (LV) pressure tracing, dP/dt, segment lengths In ischemic and nonischemic zones 
perlods 1, 8 and 16; and after the 1 hour of recovery. 


11 + 1mm at baseline, 11 + 1 mm after the first occlu- 
sion, 11 + 1 mm the eighth occlusion, 12 + 1 mm after 
postischemic region thus increased from baseline: 4% 

Changes in end-diastolic segment length in the post- 
ischemic anterior wall were linearly related to changes 
in the nonischemic posterior wall. The relation was 


after the first occlusion, 10% after the eighth occlusion, 


Jength also increased from baseline: 1% after the first 
occlusion, 6% after the eighth occlusion, 8% after 


the sixteenth occlusion, and 696 after 1 hour of recovery 


(Fig. 4). 
hour of recovery (r? = 0.79 and 0.80, respectively) (Fig. 


5). The slopes of these linear regressions were (0.74 and 
0.78) and the Y intercepts were negative (—596 and —5%) 
(Fig. 5). The smaller changes in anterior and posterior 
wall end-diastolic length seen after the first and eighth 


of recovery, while nonischemic end-diastolic segment 
highly correlated after the sixteenth occlusion and 1 


the sixteenth occlusion and 12 + 1 mm after 1 hour of 
recovery (NS). End-diastolic segment length in the 
19% after the sixteenth occlusion, and 16% after 1 hour 


diastolic segment length also progressively increased: 


shortening. Systolic 
after the eighth 

, progressively 

,12 X 1mm after the 


End-diastolic segment 


length in the regions made repetitively ischemic, mea- 


sured at the end of the reflow periods 


10 x: 196 
increased 12 + 1 mm at baseline 


after the sixteenth occlusion, and 13 + 1 mm 
1 hour of recovery (p «0.02). Nonischemic end- 


after the first occlusion, 
occlusion, 10 + 1% after the sixteenth occlusion and 11 


after 1 hour of recovery (difference not significant 


[NS]). Thus, by the end of the experiment, while func- 


after the 1-hour recovery period (p «0.015, analysis of 
End-diastolic dimension: 


variance). Thus, fractional shortening during the re- 
covery periods showed progressive impairment, and by 
the end of the 1 hour of recovery was —104% of control. 


The dysfunction was characterized by early systolic 


lengthening and early diastolic 
creased during the course of the experiment. Fractional 


shortening in the posterior wall was 9 + 1% at baseline, 
first occlusion, 13 + 1 mm after the eighth occlusion; 14 


+1mm 


after 


tion in the LV anterior wall had decreased 104%, pos- 


function in the nonischemic region progressively in- 
terior wall function had increased 28%. 


sion, 2 + 3% after the sixteenth occlusion, and —1 + 3% 


9+1% 
+ 1% 


occlusions were not significantly related. There was no 
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1 Hr Recovery 


Reflow 8 Reflow 16 


Reflow 1 
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129 +8 130+ 9 13049 
8 7 6 
64 9 8 


12446 
6 
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119 + 6 
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(mm Hg) 
LVEDP (mm Hg) 


Peak LV pressure 
HR (beats/min) 
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= LV end-diastolic pressure. 
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. mean. 


"cofrelation lobucen the change in , end-diastolic een | 


length in either the postischemic or nonischemic wall 
and the increase in peak systolic pressure or end-dia- 
stolic pressure. 

.Control studies: Two control dogs did not undergo 
‘repetitive occlusions and showed no change in systolic 
function or end-diastolic segment length in the anterior 


wall. Over the 5-hour observation period, posterior wall 
‘end-diastolic length was also unchanged, but systolic 


function decreased slightly in 1 dog and increased in the 


other, producing an average 3% decrease. Thus, these 
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open-chest controls showed no inherent decrease in 
anterior wall function or regional dilatation. : 
Morphologic studies: Myocardial sections incu- 


bated in TTC were uniformly stained bright red. ‘No 


areas of dehydrogenase depletion could be identified in ` 


any dog with this technique. Electron microscopy, 
performed in 5 dogs, showed scattered mitrochondrial 
swelling in both postischemic and nonischemic regions, 
but evidence of irreversible injury (including. severe 
marginal clumping and clearing of nuclear chromatin, 
and flocculent densities within swollen and distorted 
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mitochondria) was not found in any dog. Ninety percent 
of the electron micrographs showed well aligned cells. 

Myocardial blood flow: Microsphere measurements 
of myocardial blood flow were expressed as a ratio of 
flow in postischemic to nonischemic regions. Average 
flow ratio before occlusion was 1.00 + 0.02 and after 1 
hour of recovery 0.90 + 0.03, a change not significant by 
paired £ test. Absolute flows in all regions increased 
from baseline to 1 hour of recovery: nonischemic, from 
0.97 to 1.10 ml/g/min, and postischemic, from 0.97 to 
0.99 ml/g/min. No correlation was found between flow 
ratios, systolic dysfunction or change in end-diastolic 
segment length at 1 hour of recovery. 


| Discussion 


"The prolonged impairment of systolic function after 
a single brief coronary occlusion has been previously 
reported. Heyndrickx et al? using a conscious dog model, 
showed abnormal regional function for up to 3 hours 
after one 5-minute occlusion despite return to normal 
of the intramyocardial electrogram and coronary flow 
within 1 minute and 7 minutes, respectively. Functional 
impairment was even more prolonged (more than 6 
hours) after a single 15-minute occlusion. Longer oc- 
clusions in unconscious models yielded more severe 
injury. À 20-minute occlusion in open-chest dogs pro- 
duced severe functional impairment with little recovery 
and persistent systolic bulging even after 45 minutes of 
reflow.19 

'The present study shows that repetition of brief re- 
gional ischemia can progressively impair function and 
alter dimensions without causing detectable irreversible 
cellular injury. Furthermore, these cumulative changes 
after repetitive occlusions persist over a short-term 
recovery period. Systolic function in the postischemic 
region was depressed —104% of control and accompa- 
nied by compensatory increases in function in the 
nonischemic wall. Both global and disproportionate 
regional ischemic dilatation were found. Yet, there was 
no histochemical or ultrastructural evidence of per- 
manent damage. 

Other patterns of repetitive ischemia can produce 
different functional results. Using longer periods of 
ischemia, Weiner et al!? could not show any cumulative 
dysfunction after 3 successive 20-minute occlusions 
separated by 45-minute reflow periods. At the other 
extreme, shorter durations of ischemia at longer inter- 
vals do not produce a cumulative functional impair- 
ment. Two-minute occlusions every 30 minutes stimu- 
lated collateral development after an average 156 
repetitions." Finally, even when cumulative impair- 
ment is observed, the increment in dysfunction may not 
be constant and may be dependent on the pattern of 
repetitive ischemia. Lange et all? observed that three 
5-minute occlusions at 35-minute intervals produced 
progressive decreases in systolic function after the first 
and second occlusions, but no further decreases after 
a third occlusion. In fact, similar results were found in 
the present study in that the largest incremental im- 
pairment in function occurred after the initial occlusions 
with'smaller effects after subseqent ischemic periods. 


i 


Thus, the duration of ischemia, the period of reflow, and 
the number of repetitions determine the functional 
consequences of repetitive ischemia. 

The cumulative duration of regional myocardial 
ischemia in this experiment was 80 minutes. Other in- 
vestigators have shown that periods of ischemia that last 
longer than 20 minutes, administered as a continuous 
insult, result in irreversible damage.!? The intermittent 
periods of reperfusion in this experiment were clearly 
protective. Longer ischemia, shorter reperfusions, or 
more repetitions may lead to necrosis.^1? 

The morphologic studies in this experiment cannot 
completely exclude possible necrosis. TTC stain is a less 
reliable marker of necrosis early in the course of ische- 
mia. Fishbein et all* showed good accuracy for this 
technique in canine coronary ligations after 3 hours. 
Reperfusion after ischemia enhances the accuracy of 
TTC staining when performed after 60 minutes of re- 
flow, presumably because of enzyme and substrate 
washout.!5 Since the dogs in this study were subjected 
to an ischemic insult over 4 hours with intermittent 
reperfusions followed by an hour of reflow, the TTC 
stain should have detected necrosis. 

Ultrastructural examination of biopsies taken from 
each site of crystal placement (and, hence, in the 
ischemic zone at sites of dysfunction) failed to identify 
cell necrosis in any of the 5 dogs studied. Although the 
biopsy approach with electron microscopic examination 
samples only a very small fraction of the tissue at risk, 
it is consistent with the TTC findings in these dogs. 
Furthermore, Geft et al’ found that only 3 of 32 of dogs 
undergoing up to eighteen 5-minute occlusions had 
evidence of necrosis (small subendocardial areas). ‘Thus, 
the morphologic techniques used in this study are 
consistent and correlate with other investigators’ 
findings. Any cell death that may have occurred rep- 
resented only a minute portion of the myocardium. 

Repeated ischemic episodes could have resulted in 
microvascular damage, particularly to the more ische- 
mic subendocardium. This, in turn, could have limited 
perfusion of the postischemic segment and contributed 
to the functional deterioration. Refuting this hypoth- 
esis, however, is the fact that the microsphere flow 
studies did not show a statistically significant decrease 
in myocardial perfusion to the anterior wall at the end 
of 1 hour of recovery. We did not measure the 
transmural distribution of flow, and therefore we cannot 
exclude the possibility that a redistribution of flow oc- 
curred from subendocardium to subepicardium. How- 
ever, changes in flow that may have been present could 
be ascribed as secondary to the decrease in function 
rather than its cause.!® 

Biochemical derangements may underlie these 
structural and functional abnormalities.1^1? Depleted 
ATP and purine pools have been shown during and after 
brief ischemia.!9-2! These pools are decreased by at least 
50% after a 15-minute occlusion and return to only 90% 
of control after 4 days of recovery.!9 Progressive de- 
pletion of ATP and loss of purines may provide an ex- 
planation for the functional impairment seen in this 
study. Alternatively, regional sympathetic innerva- 
tion, injured during ischemia, may be cumulatively im- 
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paired, sésditind it in the appearance of ayoa 


dysfunction.?? 
The cumulative and persistent abnormalities of re- 
gional systolic function and diastolic dimension shown 
in this study may have clinical significance. The ex- 
perimental model resembles recurrent episodes of 
. vasoocclusive ischemia mediated by spasm or transient 
` platelet plugs or clot. The incidence of such intermittent 
ischemic events in humans is unknown, but Holter 
monitor data suggests that it may occur at a signifi- 
- cantly higher frequency than previously suspected.73-?6 
If the intermittent ischemia occurs in a multivascular 
distribution, it may, at least briefly, produce the ap- 
' pearance of a dilated cardiomyopathy. In fact, some 
'- ischemic cardiomyopathies are characterized by dila- 
tation and wall thinning with little net loss of myocar- 
dium by infarction.?' This study suggests that recurrent 
. ischemia should be considered as a pathophysiologic 
mechanism of persistent abnormalities of systolic 


function and diastolic dimension. 
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' The 16th Edition of MODERN DRUG ENCYCLOPEDIA is written 
especially for the practitioner who needs complete, objective information 
on prescription drugs. 

An independent team of pharmacists and physicians has researched 
and edited all the facts on 3,000 prescription drugs. It passes this 
research on to you in an easy to absorb style that's perfectly suited to 
the tight schedule of a time pressed practitioner. 


Some handbooks just reprint manufacturers' package inserts. They 
don't edit. Just print material manufacturer pays to have included. 


Here's what careful planning does for MODERN DRUG 

ENCYCLOPEDIA: 

e limits entries to prescription drugs. You don't waste time flipping 
through pages of extraneous drugs. 

è lists over 3,000 pharmaceuticals, biologicals, and allergens in one a-z 
sequence. 

e arranges entries by generic name. All brand names in one place. 

e written in concise language for quick comprehension. 

e designed witha "strong focus” layout, easy-to-read type, and bold 
subject headings. 


The 1,000 page main section arranges over 3,000 drugs 
alphabetically by generic name. Each entry covers vital facts about 
brand names and each manufaeturer that markets their own brand. 


Three a-z indexes provide instant access to all the material found in 


— the main section as follows: 


e GENERAL INDEX of all brand generic names in handy alphabetic 
Sequence. 

e THERAPEUTIC INDEX of which drugs are prescribed for which 
purpose. Allows you a wide selection of therapy based on your 
patlent's special needs. 

e MANUFACTURERS INDEX of names and addresses and product . 
names. Helps you identify the drug when you only know the 
manufacturer's name. 
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| Yorke Medical Books | Mem. 
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Brooklyn, NY 11205 
Please send me a copy of the MODERN DRUG ENCYCLOPEDIA, 16th Edition (00021) $59.00. 
[3 Enclosed is my check for including $1.50 for handling. Yorke pays postage 
{same return privilege). 
l L1 Please bill my O Visa O MasterCard D AMEX {same return privilege) 


Exp. date... Card No. 


MC Interbank no. 
] L1 Please bili me plus postage and handling (U.S. and Canadian orders only). 


City/State/Zip 


Customers in the folowing states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. AR 
| foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank cr charged to a credit card. Please 
add $5.00 per book for ail orders to be shipped outside the U.S. and Canada. s ; 
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Initial therapy should 
patients off right 








start hypertensive 


Minipress for initial therapy 
(prazosin HCl) 


m [s effective when used alone 

m Does not cause a significant incidence of sexual 
impotence, although it has been reported! 

m Does not adversely affect blood lipids*? 

m Does not lower heart rate, cardiac output or 
work capacity? 

m Does not induce potassium wasting‘ 

m The most common side effects with Minipress 

| are: dizziness, headache, drowsiness, lack of 

esp energy, weakness, palpitations, nausea. With 

Earn Minipress therapy there is a tendency for side 

effects to diminish with time. Syncope (sudden 








Eee EU loss of consciousness) has been reported in 
E about 0.15% of patients at an initial dose of 
E | mg and in about 196 of patients at an initial 
| dose of 2 mg 


*Minipress is not indicated for the treatment of hyperlipidemia. 





(prazosin HCI) Capsules Img 2 mg 5 mg 


for Initial ‘Therapy 
in Hypertension. 


Please see Minipress brief summary on following page. © 1983, Pfizer Inc. 
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DraZOSIN HCI ^ eme me?ne 
Brief Summary 
MINIPRESS* ( in hydrochloride) Capsules For Oral Use 
INDICATIONS: MINIPRESS (prazosin hydrochloride) is indicated in the treat- 
ment of hypertension. As an antihypertensive drug, it is mild to moderate in activ- 
ity. it can be used as the initial agent or it may be employed in a general treatment 
program in conjunction with a diuretic and/or other antihypertensive drugs as 
needed for proper patient response. 
WARNINGS: Minipress may cause syncope with sudden loss of conscious- 
ness. in most cases this is believed to be due to an excessive ral hy- 
_ potensive effect, although occasionally the syncopal epi has been 
eceded by a bout of severe tachycardia with heart rates of 120—160 
per minute. | episodes have usually occurred within 30 to 
90 minutes of the initial dose of the drug; occasionally they have been re- 
ported in association with rapid dosage increases or the introduction 
another antihypertensive drug into the regimen of a taking high 
doses of MINIPRESS. The incidence of syncopal episodes is — 
 mately 1% in patients given an initial dose of 2 mg or . Clinical 
trials conducted during the investigational pee of this suggest that 
syncopal episodes can be minimized by limiting the initial dose of the 
to 1 mg, by subsequently increasing the dosage wn rn by intro- 
any additional antihypertensive — into the at's regimen 
with caution. (See DOSAGE AND ADMINISTRATION.) Hypotension may 
develop in patients given MINIPRESS who are also receiving a beta- 
r such as propranolol. 
if syncope occurs, the patient should be placed in the recumbent position and 
- treated supportively as necessary. This adverse effect is self-limiting and in most 
ed does not recur after the initial period of therapy or during subsequent dose 
litration 

Patients should always be started on the 1 mg capsule of MINIPRESS. The 2 
and 5 mg capsules are not indicated for initial therapy. 

More common than loss of consciousness are the symptoms often associated 
with peering of the blood pressure, namely, dizziness and lightheadedness. The 
patient should be cautioned about these possible adverse effects and advised what 

measures to take should they develop. The patient should also be cautioned to 
avoid situations where injury could result should syncope occur during the initi- 
-ation of MINIPRESS therap 
Usage in Pregnancy: ces no teratogenic effects were seen in animal 
- testing, the safety of MINIPRESS in pregnancy has not been established. 
_ MINIPRESS is not recommended in pregnant women unless the potential benefit 
outweighs potentia risk to mother and fetus. 
|. Us n Children: No clinical experience is available with the use of 
_ MINIPRESS in children. 
- ADVERSE REACTIONS: The most common reactions associated with 
_ MINIPRESS therapy are: dizziness 10.3%, headache 7.896, drowsiness 7.6%, lack 
- of energy 6.9%, weakness 6.5%, palpitations 5.3%, and nausea 4.9%. In most 
_ instances side effects have disappeared with continued therapy or have been tol- 
_ eraled with no decrease in dose of drug 
- The following reactions have been associated with MINIPRESS some of them 
rarely. (In some instances exact causal relationships have not been established.) 

Gastrointestinal: vomiting, diarrhea, constipation, abdominal discomfort and/ 

or pain. 
Cardiovascular: edema, dyspnea, syncope, tachycardia. 

Central Nervous System: nervousness, vertigo, depression, paresthesia. 

Dermatologic: rash, pruritus, alopecia, lichen planus. 

Genitourinary: urinary main incontinence, impotence, priapism. 

EENT: blurred vision, reddened sclera, epistaxis, tinnitus, dry mouth, nasal 
congestion. 

Other: diaphoresis. 

Single reports of pigmentary mottling and serous retinopathy, and a few reports 
of cataract development or disappearance have been reported. In these instances 
the exact causal relationship has not been established because the baseline ob- 

servations were frequently inadequate. 

In more specific slit-lamp and funduscopic studies, which included adequate 

- baseline examinations, no drug-related abnormal ophthalmological findings have 


been gh 
- DOSAGE AND ADMINISTRATION: The dose of MINIPRESS should be adjusted 
according to the patient's individual blood pressure response. The following is a 
guide to its administration: 
| Dose: 1 mg two or three times a e (See WARNINGS. ) 

. Maintenance Dose: sig, may be slowly increased to a total daily dose of 
20 mg given in divided doses. The therapeutic dosages most onani emplo 
have ranged from 6 mg to 15 mg daily given in divided doses. Doses higher than 
D mg usually do not increase efficacy; however a few patients may benefit from 
| further increases up to a eO dose of 40 mg zu in divided doses. After initial 
- litration some patients can be maintained adequately on a twice daily dosage 


regimen. 
" Tes With Other Drugs: When adding a diuretic or other antihypertensive 
agent, the dose of MINIPRESS should be reduced to 1 mg or 2 mg three times a 
. day and retitration then carried out. 
 OVERDOSAGE: Accidental ingestion of at least 50 mg of MINIPRESS in a two 
- year old child resulted in profound drowsiness and depressed reflexes. No de- 
_ crease in blood pressure was noted. Recovery was uneventful. 
-Should overdosage lead to hypotension, support of the cardiovascular system 
is of first importance. Restoration of blood pressure and normalization of heart 
- fale may be accomplished by keeping the patient in the supine position. If this 
- measure is inadequate, shock should first be treated with volume expanders. If 
. necessary, vasopressors should then be used. Renal function should be monitored 
- and supported as needed. Laboratory data indicate MINIPRESS is not dialysable 
- because it is protein bound 
- TOXICOLOGY: Testicular changes, necrosis and atrophy have occurred at 25 mg/ 
kg/day (60 times the usual maximum recommended dose of 20 mg per day in hu- 
Run) ip long term (one year or more) studies in rats and dogs. No testicular 
- changes were seen in rats or dogs at the 10 mg/kg/day level (24 times the usual 
maximum recommended dose of 20 mg per day in humans). In view of the testic- 
- ular changes observed in animals, 105 patients on long term MINIPRESS 
- (prazosin hydrochloride) therapy were monitored for 17-ketosteroid excretion and 
| no changes indicating a drug effect were observed. In addition, 27 males on 
MINIPRESS (prazosin hydrochloride) alone for up to 51 months did not demon- 
strate coer in sperm morphology suggestive of drug effect. 
HOW SUPPLIED: MINIPRESS is available in 1 mg (white #431), 2 mg (pink and 
White #437) capsules in bottles of 250, 1000, and unit dose institutional pack- 
a of 100 (10 x 10's); and 5 mg (blue:and white #438) capsules in bottles of 
-.250, 500 and unit dose institutional packages of 100 (10 x 10's). 
More detailed informalion available on request. 


- References: 1. Lipson LG, Moore D, Pope AM et al: Sexual dysfunction in hy- 
_ pertensive diabetic men. J Cardiovasc ans y demnm suppl), April 1981, pp 30-37. 
. Adapted from Kaplan NM: Summary: J Cardiovasc Pharmacol 4 (suppl 2): 
$265, 1982. 3. Lund-Johansen P: Hemodynamic changes at rest and during ex- 
ercise in long-term prazosin therapy for essential hypertension, in Prazosin Clin- 
ical Symposium Proceedings. Published as a special report by Postgraduate 
- Medicine, New York, McGraw-Hill Book and Education Services Group, 1975, pp 
45-52. 4. Pitts NE: The clinical evaluation of prazosin, a new antihypertensive 
agent, in Prazosin Clinical Symposium Proceedings. Published as a special report 
by Postgraduate Medicine, New York, McGraw-Hill Book and Education Services 
Group, 1975, pp 117-127. 
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Cardiac Bioprostheses 


Proceedings of the Second International Symposium 
Rome, Italy, May 17-19, 1982 










m. ucett 


The most up-to-date presen- 


tation of the latest data on 


the entire range of clinical, 
bioengineering, pathologv, 


and long-range follow-up 
issues on cardiac tissue 
valves. 


edited by Lawrence H. Cohn, MD, and Vincenzo Gallucci, MD 
'ISBN 0-914316-34-6, 609pp., illus., 1982, $69.00 


An international program committee 
organized this symposium on a strict- 
ly competitive abstract basis. It was 
held less than six months ago. One- 
hundred-eighty abstracts were sub- 
mitted and 45 in 8 categories were ac- 
cepted. Virtually every major cardio- 
vascular center in the world that has 
any meaningful experience with car- 
diac bioprosthetic valves was repre- 
sented. Nowhere will you find be- 
tween two covers as much current 
information on the field of cardiac 
valves. 


Almost 20 years have gone by since 
the first reports of homograft valve 
replacement by Drs. Donald Ross and 
Brian Barratt-Boyes and almost 10 
years since the first reports began to 
appear about commercially available, 
quality-controlled porcine biopros- 
thetic and bovine pericardial valves. 
This book brings you completely up- 
to-date on what has happened since 
and what is happening today. 


Who are the editors? 


Lawrence H. Cohn, MD, is Pro- 
fessor of Surgery, Harvard Medical 
School, and Cardiothoracic Surgeon, 
Brigham and Womens’ Hospital. He is 
the author of Modern Techniques 
in Surgery and co-author of the new 
annual, Cardiology, now available in 
its second issue, Cardiology 1982. 


Vincenzo Gallucci, MD, is Professor 
of Cardiovascular Surgery, Depart- 
ments of Cardiovascular Surgery and 
Cardiology, University of Padova 
Medical School, Padova, Italy. 


Table of Contents 


Section 1 CLINICAL ANALYSIS 
Section 2 HEMODYNAMICS 
Section 3 THROMBOEMBOLISM 
Section 4 PEDIATRIC VALVE 
REPLACEMENT 

Section 5 EXPERIMENTAL 
PATHOLOGY 

Section 6 EXPLANT PATHOLOGY 


Section 7 BIOPROSTHETIC | 
If your interests include the clinical, BIOENGINEERING 
pathological and bioengineering as- Section 8 LONG-TERM 
pects of cardiac bioprostheses then FOLLOW-UP 
this book is a must buy! It should Section 9 SUMMING UP 
not be missing from your own AUTHOR INDEX 
professional library. SUBJECT INDEX 
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NITROSTAT® 
(nitroglycerin tablers, USP) 


Before prescribing, please see 
full prescribing information. 
A Brief Summary follows: 


INDICATIONS 

Nirroglycerin is Indicared for the prophylaxis, 
rreormenr and management of patients 
with angina pectoris. 


CONTRAINDICATIONS 

Sublingual nitroglycerin therapy is contra- 
indicared in patients with early myocardial 
infarction, severe anemia, increased intro- 
cranial pressure, and rhose with a known 
hypersensitivity ro nitroglycerin. 


PRECAUTIONS 

Only the smallest dose required for effec- 
tive relief of the acute anginal arrack 
should be used. Excessive use may lead to 
the development of tolerance. Nitrosrat 
tablets are intended for sublingual or buc- 
cal administration and should nor be swal- 
lowed. The drug should be discontinued 

If blurring of vision or drying of rhe mouth 
occurs. Excessive dosage of nitroglycerin 
may produce severe headaches. 


ADVERSE REACTIONS 

Transient headache may occur immedi- 
ately after use. Vertigo, weakness, palpira- 
rion, and other manifestations of postural 
hypotension may develop occasionally 
particularly in erect, immobile patients. 
Syncope due ro nitrate vasodilarion has 
been reported. Alcohol may accenruare 
the cerebral ischemia symptoms. 


METHOD OF ADMINISTRATION 

One rabler should be dissolved under rhe 
rongue or in the buccal pouch at.the firsr 
sign of an acute anginal attack, The dose 
may be repeated approximarely every five 
minures unril relief is obrained. Nirrosrar 
may be used prophylacrically five ro ren 
minutes prior ro engaging in acriviries 
which might precipirare an acute ortack. 


HOW SUPPLIED 

Nitrosrar is supplied in four strengths in 
borrles conraining 100 rablers each, wirh 
colorcoded labels, and in colorcoded 
Porient Convenience Packages of four 
bottles of 25 rablers each. 


0.15 mg (1/400 grain): 
N 0071-0568-24 — Dortle of 100 rablers 
N 0071-0568-18 — Convenience Package. 


0.3 mg (1/200 grain): 
N C071-0569-24 — Bortie of 100 roblers; 
N 0071-0569-19— Convenience Package. 


.O.4mg (1/150 grain): 


N Q071-0570-24 — Dortle of 100 roblers 
N 0071-0570-13— Convenience Package. 


0.6 mg (1/100 graln): 
N 0071-05 4-24 — Bottle of 100 rablers 


N 0071-057113—Convenience Package. 
05686060 


PARKE-DAVIS 
Div of WarnerLambert Co 
Morris Plains, NJ 07950 
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Just y rive ony jide N IER@STAL too, has built-in prorecrion— 
prorechow GIA sess ei M cer In facr, NITROSTAT is more 
stable than conventional nitroglycerin rablers under all conditions 
of remperoature and humidity resred. 

. Bur that’s not all. Average assay still shows better rhon 100% of label 
ciaim for ar least 60 months after manufacture of NITROSTAT Because 
of this stability NITROSTAT has a five-year expiration dare* | 

What's more, only NITROSIAT Tablets are available in convenient 
packages of 4 x 25 tablets. So emergency angina relief can be ready 
when needed in four different locations. “Because of its rapid action, 
long-established efficacy and low cost, nitroglycerin is the most useful 
drug among rhe organic nitrates that can be given sublingually”’ 
NITROSTAT... useful alone or as concomitant therapy with long-acting 
nitrates or propranolol. 


*Five-year expirorión dore when stored or recommended storage conditions in an unopened bonle 
Dato on flle, Medicol Affairs Depr, Parke Davis 


REFERENCE 1 Needlemon P Johnson EM kr Vosodilotos ond rhe rreormenr of angina. in Gimon AG, Goodman L5, Gimon A (eds). 
Goodman and Gilman's The Pharmacological Nass of Therapeuncs ed 6 New York Mocmillan Publishing Co, inc. 1980, pp 619-833 


Please see preceding page for brief summary of prescribing Informarion. 
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EDITORIALS 


Cardiac Imaging with Ultrasound: Rightside Up 
or Upside Down? 


| 
| 
i 
i 


If we agree that a major purpose of medical journals is 
to disperse scientific data among physicians, it seems 
logical to use methods that facilitate the communication 
rather than hinder it. Since illustrations are an impor- 
tant part of this exchange of information, they must be 
as clear and straightforward as possible. Thus, it is sur- 
prising that many echocardiographers, unlike an- 
giographers, pathologists and anatomists, insist upon 
displaying the heart upside down, with the ventricles 
on top of the atria. These inverted illustrations are un- 
necessary and actually hinder communications among 
physicians. Many nonechocardiographers simply give 
up rather than try to unravel the mystery of how the 
ventricles got above the atria and of whether the left 
ventricle is on the left or right side of the illustration. 

The apical 4-chamber projection was described by 
Silverman and Schiller in 1978.! With the echocardio- 
graphic equipment they used, the heart appeared in- 
verted on the oscilloscopic screen when the transducer 
was placed at the cardiac apex, so they presented the 
material in the same manner. Bierman, Fellows and 
Williams? convinced the manufacturer of their ultra- 
sound equipment to install a simple switch to allow 
“flipping” the image 180°, so that when imaged from the 
apical or subcostal areas, the heart would appear in the 
anatomical position, with the.atria on top and the apex 
at the bottom. This instrumentation became available 
in my laboratory in 1979 and so facilitated evaluation 
of complex congenital heart abnormalities that I as- 
sumed that all manufacturers would soon follow suit. 
In 1980, the guidelines of the American Society of 
Echocardiography? recommended the anatomic pro- 
jection as “option 1," but acknowledged the upside 
down image as a second option. 

What changes have been made? I tabulated the pro- 
jections used in all articles with 4-chamber echocardi- 
ograms in 5 major cardiology journals in a recent 6- 
month period. Of 43 articles, 7 showed the heart in the 
anatomic position and 36 depicted it upside down. To 


From the Department of Pediatrics, University of Virginia Medical 
School, Charlottesville, Virginia. Manuscript received February 4, 1985; 
revised manuscript received and accepted Aprii 1, 1985. 

Address for reprints: Howard P. Gutgesell, MD, Department of Pe- 
diatrics, Box 386, University of Virginia Medical Center, Charlottesville, 
Virginia 22908. 
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FIGURE 1. Two-dimensional echocardiogram obtalned in a subcosta 
4-chamber projection. The subject has a large ventricular septal defec 
(arrow). The image orientation is similar to that of a left anterior obliqu 
roentgenogram or anglocardlogram, with the atria superlor to th 
ventricles and the apex Inferior and toward the subject's left. | = Inferio! 
L = left; LA = left atrium; LV = left ventricle; R = right; RA = rigt 
atrium; RV = right ventricle; S = superior. 


further complicate interpretation of these images, th 
left atrium and left ventricle were on the right side o 
the illustration in 32 of the upside-down images and o: 
the left side in 4. 

As shown in the accompanying illustration, the ana 
tomically oriented echocardiogram obtained from th 
subcostal transducer position provides an image of th 
heart that is equivalent and easily compared to an an 
teroposterior or left anterior oblique roentgenogram o 
angiocardiogram. 

The ultrasound image may be converted to the ana 
tomic orientation at either of 2 steps: during the actue 
recording of the study or when preparing illustration 
for publication. For those laboratories with ultrasoun 
equipment which allows inverting the image, I urge re 
cording the studies in the anatomic orientation. Seein 
the heart rightside up may be a bit startling at first. L 
our laboratory, it took about 3 months for the fellow 
and technicians to get accustomed to seeing the hear 


' Genter, Lackland Air Force Base, Texas and the 
. . (Cardiology Division), University of Texas Health Science Center at 
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in its normal orientation. Now, everyone feels uncom- 
fortable if the image is upside down. If the available 
ultrasound equipment does not have an “invert” switch, 
. the recorded images may be photographed and the 
negative inverted to make prints with the heart right 

. gide up for publication. 
"The 2-dimensional echocardiogram has become the 
- most widely used. noninvasive imaging technique for 
n. evaluation of the heart. Its value is diminished by 
clinging to the custom of showing the heart upside down 
" when imaged by echocardiography, but rightside up 
when imaged by roentgenography, angiography or nu- 


. clear cardiology. I believe there are several steps toward 


the solution to this problem: (1) Medical journals could 
. insist that 2-dimensional echocardiograms be oriented 
in the anatomical position. (2) The American Society 
of Echocardiography could make a stronger recom- 


mendation regarding. image orientation. (3) The major - 
scientific cardiology meetings could require standard- 


ization of image orientation to minimize audience 


echocardiography should insist that the ey 
of ultrasound equipment provide the means of visuai- 


izing the heart in its normal orientation when imaged . 


from the apical or subcostal locations. 
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Coronary Bypass Using the Internal Mammary Artery 


MICHAEL R. LEWIS, MAJOR, USAF, MC, and GREGORY J. DEHMER, MD 


. Two conduits are used for aortocoronary bypass grafting 
(CABG): the saphenous vein graft (SVG) and the in- 
ternal mammary artery (IMA). Despite early reports 
showing a higher early patency rate for IMA grafts,!? 
few surgeons use it frequently. In 1974, about 6% of 
- cardiac surgeons surveyed chose to use the IMA if pos- 
sible; in a follow-up survey 5 years later, the IMA was 
. used electively only by 138%.4 Nevertheless, when phy- 
sicians are themselves referred for CABG, the IMA is 
frequently requested as the conduit to the heart’s an- 
-` terior wall.5 This report examines the advantages and 
potential problems of CABG with the IMA. 


Early and Late Patency and Survival: Is the 
internal Mammary Artery Better? 


Beginning with the series by Green! and with rare 
exceptions, numerous reports demonstrate a higher 
- patency rate for the IMA than the SVG?96-13 (Table I). 

The failure rate of SVGs is about 7% after 1 month, 10 
to 15% after 1 year and approximately 2% per year 
thereafter.!* In contrast, the patency of the IMA graft 
: is about 95% at 1 year and remains consistently higher 
_.than SVGs placed during a similar time period, even 
after 10 years.9-1? However, a better patency rate is not 


| the only factor to be considered. First, IMA grafts ap- . 


' pear to be immune to the development of intimal hy- 
perplasia and atherosclerosis. In a sampling of IMAs 


— From the Cardiology Service, Wilford Hall U.S, Alr Force Medical 
of Medicine 


Dallas. Veterans Administration Medical Center, Dallas, Texas. Man- 

‘uscript received February 8, 1985; revised manuscript recelved April 
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examined at autopsy, atherosclerotic changes were 
present in only 496; furthermore, such changes are rarely 


seen at the time of surgery and develop in only 2% after . 


CABG.915 In contrast, SVGs that remain patent have 
a greater incidence of dysfunction due to atherosclerosis 
or intimal hyperplasia. Of SVGs that are patent at 1 
year, localized or diffuse narrowings are present in 1396 
and 37% of the grafts, respectively; 18% of these have 
luminal diameter narrowings of more than 5096.16 When 
the fate of IMA and SVGs were compared in a series of 


` patients who each received both types of grafts, 94% of - 


IMAs were patent and in good condition after 7 years, 
whereas 52% of SVGs were patent and only 30% were 
patent and in good condition.!? Second, patients with 


IMA grafts have fewer subsequent cardiac events. The | 


incidence of perioperative myocardial infarction is lower 
in those receiving IMA grafts if patients with left main 
stenosis and unstable angina are excluded; also, the 
occurrence of late infarction is lower." When the absence 
of subsequent cardiac events (class III and IV angina or 
congestive heart failure, myocardial infarction and 
death) was assessed in patients with IMA and SVGs; 
those with IMA grafts had a greater chance of being 


asymptomatic both 5 and 10 years after surgery.'? . 


Others have confirmed that those with IMA grafts have 


a higher chance of remaining asymptomatic (91% vs _ 


80%) after 4 years. Finally, there are differences in 


survival between recipients of these 2 grafts. Operative ` 


mortality is equivalent with both types of surgery and 
has decreased as surgical and myocardial protection 
techniques improved.®71112 The probability of late 
cardiac death is lower in patients with IMA grafts when 
analyzed to consider differences in both wall motion and 
the severity of the coronary disease!? and this has been 


confirmed by others.9:1? Proponents of the SVG have © 
| argued that the IMA appears to perform better because 


X confusion. (4) Physicians and technicians performing . 


EN 
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TABLE! Early and Late Graft Patency and Survival 
Patency Rate Survival 
No. of Pts Follow-Up IMA SVG IMA SVG 
ist Author Studied (yr) (96) (96) (96) (96) 
ouis LC ————————————— ——Á————— Áo 
Green! 70 3 or less 97 70 en hus 
Kay? 91 1.6 99 84 bod Ru 
Loop? 254 1 95 a 82 e 
3 102 1.1 97 86 ans 
Lytle” 200 1.8 91 79 ne 
Tyras® 948 1 94 M 90 T 
919 5 90 : 83 88 89 
Ochsner® 3,820 7 ae Pas 90 d 80 
Tector? 89 4.5 94 64 6374 
Singh? 34 6.8 94 52 is 
Lytle!! 3.9 93 : 58 s 
Grondin!? 194 1 89 76 . Ls 
78 10 84 T 56 84 70 
Okles !? 398 5 81 ý 64 92 87 
10 69 45 82 k 69 


* indicates significance at the p «0.05 level or greater. 


Although more patients were described In these studies, only those with anglographically documented patency are listed. 


IMA = internal mammary artery; SVG = saphenous vein graft. 


of a bias in patient selection. Since harvesting and im- 
planting the IMA is more tedious, patients with poor left 
ventricular function, clinical instability or left main 
stenosis may preferentially be selected to receive an 
SVG. However, groups highly experienced with the use 
of the IMA no longer consider these factors absolute 
contraindications to its use. ^917 


Why Is the internal Mammary Artery Better? 


Although the reasons for the higher patency rate with 
the IMA are not clearly defined, several possibilities 
exist. First, the flow characteristics of these 2 conduits 
are different. Irrespective of the technique or timing of 
the measurement, flow in IMAs (range 36 to 61 ml/min) 
is less than flow in SVGs (range 54 to 117 ml/min).^! 
Since spasm frequency occurs in the IMA, some of these 
results are difficult to compare.1» However, because the 
IMA has a smaller diameter, the velocity of flow may be 
as much as 4 times higher.^!? 'This may augment pat- 
ency because stasis is prevented. Lower total flows in 
the IMA have caused concern that oxygen delivery may 
be inadequate, even when the graft functions optimally. 
Accordingly, the IMA probably should not be used in 
patients who have large coronary arteries or ventricular 
hypertrophy and need high coronary flow.?9/? Never- 
theless, postoperative exercise studies confirm that the 
IMA delivers adequate flow in almost all patients.?? 
Second, the size of the IMA closely matches the size of 
the native coronary artery; this relation appears to be 
important for graft patency. When the recipient left 
anterior descending artery is 1 mm in diameter, 4496 of 
SVGs were occluded at 1 year, compared with 996 of 
IMA grafts. Moreover, when the native vessel was 1.5 
mm, graft occlusion was present in 1396 of SVGs and 7% 
of IMA grafts. Third, the dissected IMA pedicle con- 
tains much of its vaso vasorum and lymphatic drainage. 
This may be important because loss of the vaso vasorum 
is postulated to be responsible for the development of 
intimal hyperplasia in transplanted veins and is one of 
the potential reasons that free radial artery grafts fail. 
Finally, flow in SVGs is highly dependent on coronary 
vascular resistance. Thus, during periods of coronary 


vasoconstriction the velocity of flow in SVGs may be 
very attenuated. It has been observed that when an IMA 
is grafted into a marginally stenosed vessel, it will later 
appear to be severely stenosed at the anastomotic site.® 
However, grafts narrowed in this fashion can enlarge 
later as the proximal coronary lesion becomes more 
severe.?! This preserved autoregularity ability promotes 
brisk flow. 

Use of the IMA has several potential drawbacks. The 
dissection is more tedious and usually requires an ad- 
ditional 20 minutes; overall, the operation can be pro- 
longed by 1 hour.? Entry into the pleural space is usually 
required for dissection and to ensure that there will be 
no kinking or torsion of the graft pedicle. This results 
in a significant increase in pulmonary shunting and 
lower arterial oxygen tension postoperatively.” Also, 
there may be a greater chance of postoperative bleed- 
ing,® but this finding has not been universal.5? 


Patient Selection for the Internal Mammary Artery 


As experience with the IMA has increased, guidelines 
for its use have developed. Although the vessel has a low ` 
incidence of atherosclerosis, significant stenoses are 
more frequent in patients older than 65 years.?6 
Therefore, it should be used in these persons only after 
careful evaluation. Use of the IMA is contraindicated 
in the presence of vascular disease of the upper ex- 
tremities, carotid or subclavian bruits and if a blood 
pressure differential greater than 15 mm exists between 
the arms. The IMA graft may be used in patients with 
chronic lung disease, but specific techniques are nec- 
essary to avoid stretching of the graft by the hyperin- 
flated lung. Finally, the IMA graft should probably be 
avoided in patients who are in unstable condition, at 
least until the surgeon has developed considerable ex- 
perience with the graft, because the extra time spent 
may be detrimental.?: 

Once dissected free, the flow rate through the IMA 
is usually quantitated. Damage to the vessel, the degree 
of arterial spasm and the methods used to relieve such 
spasm may all affect the measured flow. Furthermore, 
flow may be improved if sternal retraction is relaxed 


ADA -— CUITWNIALO 


since tension on i the proximal IMA may y &üsily depress © zi 


flow.” Although most surgeons will accept ‘a minimum 
- flow rate of 50 to 75 ml/min, some recommend a flow 
rate as high as 100 ml/min. This may exclude some 
. acceptable arteries since flow usually increases over 
" time.? If the flow is unacceptable the IMA may be di- 
vided and used as a free graft; patency rates using this 
technique are also high.!? Finally, to ensure adequate 
flow it has been recommended that the IMA lumen be 
; at least 1.5 mm in diameter and no more than 0.5 mm 
smaller than the native coronary.9 
. A Initially, use of the IMA was limited to revascular- 
 ization of the anterior wall. However, as surgical ex- 
.pertise and experience has expanded, bilateral, se- 
quential and free IMA grafts have been used with 
encouraging results.!^^^ With these techniques, vari- 
ous combinations of circumflex marginal, diagonal, 
.. anterior descending and right coronary arteries can be 
 grafted. 


Conclusions 


The fact that SVGs fail is not surprising; similar re- | 


:gults are seen with SVGs to the popliteal artery after 10 
years.” Failure of a SVG can be attributed to 3 possible 
factors. One possible cause can be the patients them- 
selves. Those with an elevated cholesterol level have a 

. higher chance of graft failure. Other coronary risk fac- 

tors may be important, but their relationships have not 

- been defined. In addition, inhibition of the patient's 
"blood platelets is another host factor that improves graft 

patency. À second cause for SVG failure may be tech- 

nical problems related to the surgery itself. Good sur- 
gical technique requires gentleness in manipulating the 
vein and careful construction of the distal anastomoses. 
` Poor quality veins with large sinuses, localized dilatation 
or multiple side branches and diffusely diseased coro- 
nary arteries may all impair the surgeons’ work. Despite 

optimal surgical techniques, some SVGs will fail. The 
final, and probably most important, factor related to 
failure of the SVG is the graft itself. Even when the 
patient and surgeon have done everything possible to 

“ensure graft patency, the durability of the SVG appears 

to be limited. Although none of the comparative studies 

have been randomized, they do comprise a vast number 

_of patients operated upon by talented surgeons under 

: similar conditions. Although the SVG is more widely 

used, there is now an increasing tendency to use the 

. IMA more frequently. The results of recent studies 

suggest strongly that this trend should continue. 
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"The incidence of myocardial infarction (MI) increases 
rapidly after age 55 years in women and after age 45 
years in men.! Eighty-three of 237 women (35%) and 130 
of 469 men (28%) with initial MI in the Framingham 
study had unrecognized MI, which was detected by 

. electrocardiogram.! We investigated the prevalence of 
unrecognized MI detected by routine electrocardiog- 
raphy in geriatric patients in a long-term health-care 
facility. 


Medical records of 480 unselected patients older than 64 
years in a long-term health-care facility at the time of study 
. were reviewed by all authors except W.S.A. for a documented 
` clinical history of MI. Previous medical records, including 
— those before admission to this facility, were reviewed; in 

addition, a history obtained from the patient and from a 
family member to avoid an inaccurate history of MI were also 
obtained. The patients included 353 women and 127 men, 
mean age 82 + 9 years (range 64 to 100). Electrocardiograms 
(ECGs) were taken in these 480 patients at admission, when 
clinically indicated, and routinely every year. These ECGs 
were reviewed by a cardiologist (W.S.A.) at the time the 
| study was initiated without knowledge of the clinical history. 
| In most patients serial ECGs were reviewed. MI was diag- 
| nosed by ECG if the ECG showed a pattern that included 
' pathologic Q waves with a duration of at least 0.04 second. 
Statistical analyses were performed using the chi-square 
test. 
Table I shows the prevalence of the following: documented 
, history of MI plus current ECG evidence of Q-wave MI, 
| documented history of MI but no current ECG evidence of 
| Q-wave MI, current ECG evidence of Q-wave MI unrecog- 
| nized by history, documented history of MI, current ECG 
evidence of Q-wave MI and documented history of MI or 
: current ECG evidence of Q-wave MI in 353 women, 127 men, 
and 480 female plus male geriatric patients. No significant 
. difference was observed between women and men for any of 
| the parameters listed in Table I. 


X 
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TABLE! Prevalence.of Myocardial Infarction In 353 
Female and 127 Male Geriatric Patients 
Women Men 
(n = 353) (n= 127) Women + Men 
(96) (%): (n = 480) (%) 
History and current 12 (3) 3 (2) 15 (3) 
ECG evidence of MI 
History but no current 17 (5) 5 (4) 22 (5) 
ECG evidence of MI 
ECG evidence of MI 53 (15) 25 (20) 78 (16) 
unrecognized by 
history 
History of MI 29 (8) 8 (6) 37 (8) 
geil ECG evidence 65 (18) 28 (22) . 93 (18) 
ce) 
H or current 82 (23) 33 (26) 115 (24) 
ECG evidence of Mi 


ECG = electrocardiographic; MI = myocardial Infarction. 


-MI may be unrecognized by both patient and physi- ` 
cian; it may be silent, or present with atypical symp- 
toms. Estimates of the occurrence of unrecognized MI ` 
range between 0 and 6195.1-9 Uretsky et al? found that 
26 of 162 patients (25.596) hospitalized with documented 
acute MI had symptoms other than chest pain. | 

Unrecognized Q-wave MI detected by routine ECG 
occurred in 78 of our 480 (16%) long-term-care geriatric 
patients. Unrecognized non-Q-wave MI would not have 
been detected in this study. Unrecognized Q-wave MI - 
not present on entry ECG was detected by serial ECGs 
in some of these patients. This points out that even in : 
a long-term medical facility, elderly patients may have 
unrecognized MI. 

Of 115 patients in this study with either documented 
clinical history of MI or current ECG evidence of Q- 
wave MI, 78 (68%) had unrecognized MI detected by 
routine ECG. The higher prevalence of unrecognized 
Q-wave MI (68%) in our study compared with the 
Framingham study! (35% of women and 28% of men) . 
may be related to the prevalence of unrecognized MI 
increasing with age, especially in patients who require 
admission to a long-term, health-care facility. These -7 
results document the value of obtaining a peu 
routine ECG in geriatric patients. | 
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Coronary Vasomotion in Angina at Rest 
and Effect of Sublingual Nitroglycerin 
on Coronary Blood Flow 
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The salutary effects of nitroglycerin (NTG) in patients 
vith angina pectoris have been considered to result 
nore from a reduction in preload and the determinants 
X myocardial oxygen demand than from significant 
‘coronary artery dilatory effects. Most studies of the 
nechanisms of NTG have been in patients with pro- 
'oked, rather than spontaneous, angina.!-* We observed 
iystemic and coronary hemodynamic responses before 
ind after sublingual NTG in a patient with spontaneous 
nyocardial ischemia during cardiac catheterization. Our 
ybservations suggest that during spontaneous angina, 
sublingual NTG not only decreases preload, but also 
ncreases coronary blood flow. 


A 73-year-old man had cardiac catheterization for angina 
ectoris unresponsive to nifedipine and NTG ointment. An 
34 gallop was heard. The electrocardiogram showed sinus 
wradycardia, an intraventricular conduction defect and in- 
verted T waves inferiorly. Nifedipine and NTG ointment 
vere withheld approximately 18 hours before coronary an- 
tography, which revealed severe 3-vessel coronary artery 
tarrowing. The cineangiographic left ventricular (LV) 
jection fraction was 46% and the anteroapical area was 
vypokinetic. After coronary angiography, a coronary sinus 
hermodilution catheter and a high-fidelity, dual micro- 
nanometer-tipped LV catheter were positioned. Before in- 
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PRE-ANGINA ANGINA 





itiating a research protocol, ST depression was noted in lead 
1 on the electrocardiogram monitor. Aortic and LV end- 
diastolic pressures and ST segments were normal at rest (Fig. 
1). During ST depression immediately before chest pain, LV 
end-diastolic pressure was increased with no change in heart 
rate or aortic pressure (before angina, Fig. 1). Within 90 
seconds, the patient complained of typical anginal pain with 
no further hemodynamic changes (Fig. 1). During angina, 
coronary sinus blood flow increased (182 to 268 ml/min) while 
great cardiac vein flow decreased (120 to 109 ml/min). Ninety 
seconds after sublingual NTG (0.8 mg), angina had resolved 
and ST depression had improved (pain free, Fig. 1). Both 
coronary sinus blood flow and great cardiac vein blood flow 
increased (284 and 141 ml/min, respectively) with a simul- 
taneous decline in LV end-diastolic and pulmonary artery 
pressures. Heart rate and mean aortic pressure were un- 
changed. Oxygen content of the great cardiac vein during 
angina was 2.3 ml/dl and increased to 3.3 ml/dl after NTG. 
Subsequently, left intracoronary NTG administration (200 
ug) transiently increased both coronary sinus (276 to 383 
ml/min) and great cardiac vein flow (119 to 160 ml/min) (Fig. 
2). The maximal flow response (at 12 seconds) returned to 
control by 30 seconds. As is appropriate with the decline in 
mean arterial pressure due to the systemic effects of intra- 
coronary NTG, coronary sinus and great cardiac vein blood 
flow decreased below the initial levels at rest (158 and 98 
ml/min, respectively). 


Spontaneous angina at rest in a patient with signifi- 
cant coronary stenoses in whom nifedipine and nitrates 
are withheld is consistent with increased coronary 
vasomotor tone leading to ischemia. The initial changes 
of ST depression and increased LV end-diastolic pres- 
sure suggested that myocardial ischemia preceded an- 
gina. Angina occurred with a small.decrease in great 
cardiac vein flow and no other hemodynamic changes. 
Although no angiographic data were obtained, a 
decrease or no change in regional coronary flow with 


jncreased total coronary flow (possibly related to in- 


creased LV wall stress) suggests regional vaso- 
constriction may have contributed to angina.’ In our 
patient, N'TG reversed the abnormal hemodynamics 
and increased both regional and total coronary sinus 
blood flow. Improved blood flow may be due to reduced 


FIGURE 1. Effect of sublingual nitro- 
glycerin on total and regional coronary 
blood flow during spontaneous angina; 
AO = phasic aortic pressure; csf = 
coronary sinus flow; gvf = great car- 
diac vein flow; LV = left ventricular 
pressure; map — mean aortic pressure; 
PA = mean and phasic pulmonary ar- 
tery pressure. Increasing coronary 
blood flow is directed toward the bot- 
tom of the graph. Numbers under the 
coronary sinus and great vein flow 
signals are the average flow (mi/min) 
over 5 seconds. 
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FIGURE 2. Effects of intracoronary ni- 
troglycerin (NTG) on total and regional 
coronary blood flow and systemic he- 
modynamics after relief of paln. Ab- 
breviations as In Figure 1. 


intramyocardial pressure and subendocardial vascular 
resistance. The increase in great vein flow after NTG 
may represent reactive hyperemia during the recovery 
from ischemia, primary coronary vasodilation or im- 
proved perfusion after N'l'G-induced reduction of 
aortic-LV end-diastolic pressure gradient. Improved 
LV end-diastolic pressure may be due to preload re- 
duction or enhanced LV systolic ejection during re- 
solving ischemia. Although no oxygen saturation data 
were obtained before S'T depression, the increase in 
coronary sinus oxygen content from 2.3 to 3.3 ml/dl after 
N'TG occurred concomitantly with the improvement in 
ST segment depression and hemodynamics—implying 
a decrease in myocardial oxygen demand, an increase 
in coronary blood flow, or both. In contrast to sublingual 
NTG, intracoronary NTG induced transient coronary 
vasodilation, increasing both total and regional coro- 
nary flow without initially changing heart rate or 
hemodynamics, thus demonstrating intact coronary 
autoregulation. 


Variant Angina and Spontaneous 
Coronary Artery Dissection 


DANIEL B. MARK, MD, MPH 
YIHONG KONG, MD 
ROBERT E. WHALEN, MD 


Variant angina is an uncommon clinical syndrome.! 
Spontaneous coronary artery dissection is rare.? No 
association between the 2 has previously been described. 
We recently observed a patient with variant angina and 
angiographic evidence of spontaneous coronary artery 
dissection. 


A 50-year-old woman, previously in good health, had 3 
episodes of nonexertional, dull, substernal discomfort ra- 
diating down both arms over a period of 4 days. During the 
third episode she came to the emergency room, where an 
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Findings from our patient and others*® suggest that 
sublingual NTG may reduce coronary vasoconstrictor 
tone and dilate diseased epicardial vessels, relieving 
ischemia not only by decreasing preload, but also by 
increasing coronary blood flow during active myocardial 
ischemia. The coronary vasodilatory action of NTG may 
be more important in the relief of myocardial ischemia 
than previously appreciated. 
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initial electrocardiogram showed minimal ST-segment ele- 
vation in the inferior leads. She was admitted to the coronary 
care unit and treated with sublingual and intravenous ni- 
troglycerin. Serial CK-MB levels were 11 and 9 units (normal 
10 or less). History was remarkable only for a 15-year history 
of migraine headaches. Both the first and third episodes of 
chest discomfort described were preceded by migraine 
headaches. 

Coronary angiography showed a normal left coronary ar- 
tery and a right coronary artery that was normal except for 
a lesion in the midposterior descending artery (PDA) (Fig. 
1), which had the appearance of a local dissection. Biplane 
left ventriculography showed an ejection fraction of 6495 and 
mild hypokinesia of the inferior wall. At the end of ventric- 
ulography the patient complained of moderate intensity 
(4/10) substernal pressure, identical to her previous symp- 
toms. À 12-lead electrocardiogram showed 0.15 mV of ST- 
segment elevation in leads II, III and aVF. Repeat right 
coronary angiograms showed total occlusion of the mid-PDA 
at the site of the previously noted lesion (Fig. 2). The patient 
was given a total of 400 ug of intracoronary nitroglycerin and 
10 mg of sublingual nifedipine, after which her symptoms 
and electrocardiographic changes abruptly resolved. Angi- 
ography at this point showed that the PDA was patent, 
and the midportion dissection was again visualized. There 
were no technical problems or complications during the 
catheterization. 

The patient was treated with diltiazem, 240 mg/day. Be- 
fore discharge, she had a negative treadmill test (heart rate 
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FIGURE 1. Left anterior oblique view of the patient's distal right coronary 
artery showing an isolated dissectlon In the midportlon of the posterior 
descending artery (arrow). 


146, stage IV) and a normal response to rest/exercise mul- 
tiple-gated acquisition scan (ejection fraction during rest 
60% and during exercise 70% ). We have followed the patient 
for 7 months. During this period, she has had mild episodes 
of nonexertional chest discomfort several times a month, all 
relieved promptly with nitroglycerin. Most episodes have 
been preceded by a migraine headache or migraine prodrome 
(scotomata). 


This patient's coronary angiogram clearly shows the 
presence of a dual lumen in the posterior descending 
artery separated by a flap of intima/media (Fig. 1). A 
similar angiographic picture is occasionally seen after 
coronary angioplasty and, rarely, as a complication of 
coronary angiography. However, there have been only 
8 previous case reports of spontaneous coronary dis- 
section documented by angiography.? 

None of the reports of spontaneous coronary dissec- 
tion have described it in conjunction with the clinical 
and angiographic features of variant angina as was seen 
in our patient. 'l'here has been 1 report of iatrogenic 
right coronary artery dissection complicated by coro- 
nary artery spasm.‘ In view of the apparent relation 
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FIGURE 2. Repeat left anterior pigs: view of the distal right coronary 
artery during spontaneous chest discomfort and inferlor lead ST-seg- 
ment elevation. The posterlor descending artery Is totally occluded at 
Its midsection (arrow). 


between our patient's migraine syndrome and chest 
pain symptoms, it is tempting to speculate that coronary 
vasospasm may have been her primary event.? Although 
the available evidence does not allow us to draw con- 
clusions about pathogenesis in this case, it is extremely 
unlikely that these 2 very uncommon disorders could 
have occurred together as a chance event. 


Acknowledgment: We are grateful to Mark A. Hlatky, 
MD, for critical review and to Cristy Vollmar for secretarial 
assistance. 
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Atrial contraction produces doming of the pulmonic 
valve cusps. This can be appreciated on an M-mode 
echocardiogram as a posterior deflection of the posterior 
pulmonic cusp at the end of diastole, and in normal 
conditions it never reaches a full opening position. 
Complete opening of the pulmonic valve in diastole may 
be observed in several conditions in which end-diastolic 
right ventricular (RV) pressure equals or exceeds dia- 
stolic pulmonary artery (PA) pressure.! In a few pa- 
tients the diastolic pulmonic opening occurs as the 
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FIGURE 1. Pulmonic valve echogram. The posterior pulmonic valve 
leaflet reaches a full opening position with atrial contraction during 
Inspiration. There Is powerful right atrial contraction with a prominent 
"a" wave In pulmonic artery (PAP), right ventricular (RVP) and right atrial 
(RAP) pressures. 


consequence of a powerful right atrial (RA) contrac- 
tion.?? We describe such a patient. 


A 26-year-old man was admitted for inferior and anterior 
acute myocardial infarction. Right-sided cardiac catheter- 
ization was performed using a Swan-Ganz catheter. Severe 
ischemic RV dysfunction suggestive of RV infarction* was 
demonstrated, with a mean RA pressure of 15 mm Hg, an “a” 
wave of 20 mm Hg and diastolic PA pressure of 17 mm Hg 
(Fig. 1). During inspiration, RA pressure increased and the 
"a" wave became more prominent, while the PA pressure 
ded Cardiac output was 1.9 liters/min/m?. M-mode 
echo revealed a posterior deflection of the pulmonic valve 
with atrial contraction, reaching a full opening position 
(touching the posterior wall of the PA) during inspiration 
(Fig. 1). Severe RV dysfunction persisted for several days 
and in some repeated echo studies, complete pulmonic valve 
opening with atrial contraction was observed through the 
whole respiratory cycle. After 7 days of evolution, cardiac 
output reached normal values, but hemodynamic alterations 
of RV dysfunction persisted. The patient was discharged 
from hospital and a complete hemodynamic study 2 months 
after the acute episode showed a dilated and akinetic right 
ventricle with proximal 100% obstruction of the right and 
a 75% stenosis of the anterior descending coronary artery. 
Akinesia of the left ventricular apex also was observed. One 
year after the acute infarction, complete pulmonic valve 
opening during atrial systole was still present (Fig. 2), and 
signs of severe RV failure were present. 


` Movement of the pulmonic valve is passive and de- 
pends on a systolic RV to PA pressure gradient. In 
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FIGURE 2. Pulmonic valve echogram. Complete opening of the pul 


monic valve during atrial contraction 1 year after the acute eplsode o 
myocardial infarction. 


pulmonary hypotension, such as valvular pulmonii 
stenosis? and Uhl's anomaly,® an unusually forcefu 
atrial contraction may increase the end-diastolic R\ 
pressure to a level equal to or greater than PA pressur 
and, thus, cause the pulmonic valve to open. Thi: 
finding is more evident during inspiration, when P/ 
pressure decreases and venous return increases. / 
forceful RA contraction has been considered as a com 
pensatory mechanism in patients with RV infarction,” 
but echocardiographic evidence to support this hy 
pothesis was given in only 1 case, described by Legranc 
and Rigo.® Our findings show that RA contraction ma: 
completely open the pulmonic valve in patients wit! 
severe ischemic RV dysfunction and this 1s indicativ 
of the compensatory role of RÀ contraction in sucl 
cases. The study of the effect of RA contraction on R\ 
and PA flow dynamics is important in patients wit] 
suspected RV infarction and atrioventricular block i 
whom cardiac pacing is considered. 
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Since the advent of coronary artery bypass grafting in 
1967, ventricular intramyocardial implantation of an 
internal mammary artery (IMA) directly into left ven- 
tricular (LV) myocardium (Vineberg procedure)! has 
been supplanted. We recently studied the heart of a 
patient who had undergone concomitant aortocoronary 
bypass grafting with a saphenous vein (SV) and im- 
slantation of an IMA into LV myocardium nearly 
[6 years earlier. This case provided an opportunity 
jo examine 2 types of vessels used for myocardial 
revascularization. 


J.S.,a 63-year-old man in whom angina pectoris developed 
ıt age 46 years (1967), had coronary arteriography at age 48 
years and it disclosed severe narrowing of the left main, left 
urcumflex and right coronary arteries. In July 19659 an SV 
vas anastomosed to the aorta and left anterior descending 
coronary artery and the left IMA was implanted into LV 
nyocardium. He had no further chest pain until age 62 years 
4 year before death), when angina reappeared. He died in 
December 1984 of pneumonia. Át necropsy, the heart 
veighed 345 g and there was no LV necrosis or fibrosis. The 
[MA, which had been inserted into LV wall, SV graft and the 
2picardial coronary arteries were divided into 5-mm seg- 
nents and 1 histologic section was prepared from each seg- 
nent. The left main, left anterior descending, left circumflex 
ind dominant right coronary arteries were all narrowed 
>75% in cross-sectional area at some point by atherosclerotic 
plaque. Although widely patent, the SV walls were focally 
calcified and contained considerable atherosclerotic plaque 
‘Fig. 1). The extramyocardial portions of the IMA was nor- 
nal and its intramyocardial portion was mildly thickened 
by intimal fibrous tissue (Fig. 1). 
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FIGURE 1. Cross-section of internal mammary artery (IMA) NER 
ocardial portion) and portion of wall of saphenous vetn (SV) In the patient 
described. The IMA is normal and the SV contains atherosclerotic 
plaque. Movat stains; original magnification X 54, reduced 4696. 


Vineberg described necropsy findings in 3 patients 
who had had an IMA implanted into LV myocardium 
6 to 14 years before death. In all 3 patients the IMA was 
normal in its extramyocardial segment and it had only 
mild intimal thickening in its intramyocardial portion. 
In all 3, postmortem angiography with injection of 
contrast material into the IMA resulted in retrograde 
filling of the proximally totally occluded native coronary 
arteries.? 

Long-term patency of an IMA as an aorta-to-coro- 
nary-arterial graft is superior to that of SV grafts. A 
recent study cited an 8496 10-year patency for IMA 
grafts and 53% for SV grafts? The lack of atheroscle- 
rotic plaque in the IMA and the presence of plaque in 
the concurrently placed SV graft in our patient gives 
further support to the apparent resistance of the IMA 
to atherosclerotic plaquing.? 
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In mitral stenosis, the mitral valve gradient declines 
exponentially with time, and the pressure gradient 
half-time (time required for the mitral valve gradient 
to fall to half its initial peak value) increases with a de- 
crease in the mitral valve area (MVA) and is relatively 
independent of the mitral valve flow.! Hatle and An- 
gelsen? derived the following equation based on the 
observation that the Doppler estimated mitral valve 
gradient half-time (t, in ms) is inversely related to the 
MVA (in cm?); MVA = 220/t% here. In practice, the 
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FIGURE 1. Maximal mitral flow velocity curve with its extrapolation to 
time axis. A = time corresponding to velocity V4; B = time corre- 
sponding to velocity Vg; C = time corresponding to 0 velocity; TY = 
pressure gradient half-time; Vy = velocity at pressure gradient half- 
time. 


maximal flow velocity at half-time (Vy) is first obtained: 
VA/4/2. The point in time corresponding to Vy is then 
located and the time interval from the initial peak ve- 
locity (V4) to Vy is taken as t//5. The MVA is calculated 
by dividing tt% into 220. 

We now use a modified and simplified approach to 
calculate the MVA as follows: In Figure 1, if the maxi- 
mal flow velocity curve V4 to Vg (an arbitrary point on 


the downslope from Va) is extrapolated to C where the 
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FIGURE 2. A ruler for estimation of mitral valve area. The upper scales 
are for tracing recorded at 75 mm/s and the lower scales, 50 mm/s. 
Mitral valve area Is determined by aligning A on the ruler with A on the 
tracing and reading the scale on the ruler corresponding to C on the 
tracing. 





flow velocity is 0, according to the theorem of similar 
triangles, 


AC: te = Va: (Va — Vg) = 
Va) ovy. m 
[va "A MEUM ( 4) 


Thus, 
1 
ACXV — —— 
th = | A. sols, 
VA V2 
and 
MVA 20... 220 —  T50 
typ ach- AC | 


A ruler can be made based on the above area equation | 
(Fig. 2). MVA can be obtained by aligning A on the ruler 
with À on the tracing and reading the scale on the ruler 
corresponding to C on the tracing. 
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Dellsperger et al! demonstrated the presence of regur- 
gitation in vitro in some mechanical prosthetic valves 
as a normal condition. To confirm this finding in hu- 
mans, we chose, at random, 10 patients with a Björk- 
Shiley (B-S) prosthesis in place in the aortic valve po- 
sition at least 1 year before study. 


The patients had no signs of prosthetic dysfunction, other 
valve disease, arrhythmias or intercurrent disease. All were 
in New York Heart Association functional class I. There were 
9 men and 1 woman, aged 20 to 42 years (mean 26). The in- 
terval between aortic valve replacement and study was 18 to 
97 months (mean 52). 

To determine if regurgitation was present or appeared 
during effort in the B-S prosthesis, all patients were studied 
by phonocardiography (PCG), simultaneous electrocardi- 
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FIGURE 1. A, Doppler recording at rest shows opening (o) vibrations 


of the prosthetic valve. B, during handgrip, appearance of early diastolic 
turbulent flow by regurgitation. 


ography and carotid pulse tracing and M-mode, 2-dimen- 
sional and pulsed Doppler echocardiography. Tracings were 
obtained at rest and at 1,2 and 3 minutes of isometric effort 
measured by handgrip uith a Harpeden ergometer, sustained 
during 3 minutes at 50% of their maximal capacity and ex- 
pressed in kilograms. On the phonocardiogram we looked for 


-the presence or appearance during handgrip of an aortic 


| 


regurgitant diastolic murmur. In the carotid pulse tracing 
we measured the preejection period (PEP), left ventricular 
ejection time (LVET), PEP/LVET ratio, ejection fraction? 
and the relative or percent LVET*; heart rate was also 
measured. On the M-mode echocardiogram of the mitral 
valve we measured the E point-septal separation and D-E 
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FIGURE 2. Comparison of results of relative left ventricular ejection 
time, ratio of projection period to left ventricular ejection time (PEP/ 
LVET), and election fraction in both groups. 





and E-F slopes, and we looked for fine diastolic fluttering of 

the anterior mitral leaflet.9 The 2-dimensional echocardio- 

gram was useful in searching for abnormalities suggestive of 
prosthetic dysfunction. In the Doppler study we looked for 

the presence or appearance of diastolic turbulent flow behind ; 
the aortic prosthesis into the outflow tract of the left ven-« 
tricle; the speed of flow was measured in centimeters per 
second. | 

In 5 patients diastolic retroaortic turbulent flow developed 
during handgrip (Fig. 1), suggestive of aortic regurgitation 
(group I). Five other patients did not have this condition 
(group II). The findings in the patients in group I were 
compared with those of patients in group II. The average 
standard deviation was calculated, and changes of the values 
during handgrip to know correlation coefficient. Slopes were 
compared to evaluate statistical significance. There were no | 
differences between the patients of both groups in age, in- 
terval of valuular replacement, symptoms, functional class 
or heart size. 

The heart rate at rest varied from 56 to 75 beats/min 
(mean 64) in group I and from 42 to 92 (mean 68) in group | 
II. During handgrip the heart rate increased an average 
of 18% in group I and 23% in group II (difference not ipd 
significant). 

Regurgitant diastolic murmur was not recorded at rest or 

during handgrip. The relative LVET ranged from 95 to 108% 
(mean 98) in group I and from 87 to 9895 (mean 93) in group 
II (difference not significant). The PEP/LVET ratio in group 
I was 0.35 to 0.48 (mean 0.43) and that in group II was 0.33 
to 0.53 (mean 0.43). Ejection fraction varied from 52 to 68% 
(mean 58) in group I and from 45 to 7095 (mean 57) in group 
II (difference not significant) (Fig. 2). 

The anterior mitral leaflet showed diastolic fluttering at 
rest in I patient in group I; there was no diastolic turbulence 
recorded by Doppler echocardiography at rest, but it was 
present during handgrip (Fig. 3). 

The D-E slope speed of the mitral vaive at rest was 170 to 
420 mm/s (mean 265) in group I and 96 to 300 mm/s (mean 
205) in group H (difference not significant); during handgrip 
it increased in both groups, although more in group II (p 
<0.05). Speed of the E-F slope ranged from 54 to 133 mm/s : 
(mean 88) in group I and from 56 to 100 mm/s (mean 77) in E 
group H (difference not significant); during handgrip it in- 
creased proportionately in group I and tended to decrease 
in group II (p «0.05). The E point-septal separation varied 
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FIGURE 3. M-mode echogram of a patient of group | showing fine dia- 
stollc fluttering of the anterlor mitral leaflet. 
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FIGURE 4. D-E slope speed, E-F slope speed and E point-septal sep- 
‘aration In both groups at rest and during effort. 
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from 3 to 25 mm (mean 6) in group I and from 5 to 45 mm 
(mean 15) in group II; during handgrip it tended to decrease 
in group 1 and progressively increased in group II (p <0.05) 
(Fig. 4). 

The 2-dimensional echocardiogram did not show findings 
of prosthetic dysfunction, thrombosis or vegetation. 


In this study we analyzed the performance in vivo of 
the B-S prosthesis with the increase in heart rate and 
afterload produced by isometric effort. Our results 
confirm in vivo the findings in vitro.! In our series, in 
50% of the patients a leak had developed, with increases 
in heart rate and blood pressure. We believe that the 
afterload elevation must increase the pressure of 
regurgitation, making it larger and more evident. Ap- 
parently the leak is not small and increases with the 
handgrip, considering that the rise of the opening speed 
of the mitral valve during effort is less manifest in the 
patients with regurgitation. This can be explained by 


Translent Q Waves During Exercise in 
Hypertrophic Cardiomyopathy 
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the fact that the left ventricular volume is increased 
during early diastole by the closing time regurgitation 
of the B-S prosthesis® and interferes with ventricular 
filling, which is delayed by the late opening of the mitral 
valve. In this condition the E-F slope speed must de- 
crease, but the regurgitation exaggerates the mid-dia- 
stolic closing of the mitral valve, probably by early 
ventricular repletion, indicating that the leak volume 
is considerable. 

The decrease in E point-septal separation during 
handgrip in group I, in contrast with the increase in 
group II, is paradoxical and difficult to explain; it may 
be a result of the amount of the initial diastolic volume 
of the left ventricle produced by the regurgitation, di- 
minishing ventricular filling through the mitral valve. 

Our results show that pulsed Doppler is the most 
sensitive means of detecting prosthetic regurgitation. 
'Therefore, it is a useful method for follow-up of patients 
with an implanted valvular prosthesis. We conclude that 
regurgitation is a frequent element in the normally 
functioning B-S prosthesis and its presence does not 
necessarily indicate dysfunction. 
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of 1.6 cm, a posterior left ventricular wall thickness of 1.2 cm 
and mitral valve prolapse. A 2-dimensional study confirmed 
the M-mode findings and revealed the area of hypertrophy 
to be limited to the anterobasal portion of septum. Cardiac 
catheterization showed no transvalvular systolic pressure 
difference and insignificant coronary arterial narrowing 
(«3095 diameter reduction). During a low-level exercise 
tolerance test (ETT), transient Q waves with subtle QRS 
widening developed in lead Vy and pronounced ST-segment 
depression developed in leads V3 to Vg at a heart rate of 
about 150 beats/min (Fig. 1). This observation prompted us 


| Recent reports!” have documented the appearance of 
' Q waves with exercise in patients with coronary artery 
. disease. Tachycardia also has been associated with 
' transient Q waves.? We report transient Q waves with 


to review our experience with ETT in patients with HC. 
We reviewed the results of 20 ETTs in 13 patients with HC 

followed in the cardiomyopathy clinic at the San Diego 

Veterans Administration Medical Center. Transient Q waves 





exercise in patients with hypertrophic cardiomyopathy 
(HC) without coronary artery disease. 


A 66-year-old man had physical findings suggestive of HC. 
Echocardiography revealed a ventricular septal thickness 
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(in lead V3) with exercise were seen tn 1 other patient, a 
58-year-old man who, at cardiac catheterization, had a 
55-mm Hg systolic pressure difference between the left 
ventricular cavity and outflow tract. Áfter a premature 
ventricular complex, the difference increased to 180 mm Hg; 
during isoproterenol infusion, it increased to 195 mm Hg. 
There was no systolic pressure drop across the aortic valve. 
Coronary arteriography showed a normal left main coronary 
artery with minimal plaquing of the mid-left anterior de- 
scending coronary artery (approximately 30% narrowing). 
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pression. Evidence of left ventricular hypertrophy with repolarization abnormalities Is also present In the rest and recovery tracings. (Electrocardiogram. 


has been retouched for clarity.) 


There was minimal irregularity in the right coronary artery. 
In both patients serial ETTs were consistent, with loss of 
R-wave progression developing at similar levels of exercise 
on different occasions. 


. To our knowledge, the transient appearance of Q 
waves with exercise testing has not been reported in 
patients with HC without significant coronary artery 
, disease. Transient Q waves have been noted in a variety 
of settings,* including anginal attacks, cardiac surgery, 
tachycardia and shock. Explanations have generally 
focused either on transient loss of electrochem- 
ical function secondary to metabolic abnormalities 
or on altered patterns of electrical activation of the 
myocardium. 

` Prominent noninfarctional Q waves are a well-known 
feature of the electrocardiogram at rest of patients with 
HC. The pseudo-infarctional Q waves in these patients 
have been ascribed to increased septal mass or abnormal 
depolarization, probably related to the bizarre archi- 
tecture of the septal myocardium.® A recent study? 
supports the hypothesis that these Q waves are related 
to anomalous activation of the septum, and that the 
hypertrophic myocardium of the interventricular sep- 
tum may have electrophysiologic properties different 
from those of less affected myocardium. The patho- 
"physiologic explanation for the transient appearance 
: of Q waves in patients with HC during exercise is not 
clear; however, it is unlikely that this is simply a rate- 
dependent change. In fact, it has been reported that Q 


waves in the electrocardiograms of some patients with ` 


HC may paradoxically decrease or disappear at pacing 
rates of 115 to 155 beats/min.’ The association of ex- 
ertional Q waves in 1 patient with QRS prolongation 


supports the concept of perturbed conduction. Alter- 


ation in the balance of depolarization forces with exer- 
cise such that posterior forces are augmented or anterior 


forces are decreased is another consideration. In addi-: 


tion, transient myocardial ischemia without fixed cor- 


onary artery obstruction may occur in HC.’ Finally, 


cardiac positional (rotational) changes during exercise 
may shift the initial QRS vector. This explanation alone, 
however, would not account for QRS prolongation noted. 
in the first patient. 
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“When the Ayerst re rep told me 
it costs about 45€ a day, - 
I said you can stop right there.” 
Most doctors are pleasantly surprised to learn that the average cost of 


daily therapy with the world's most widely used beta blocker is so little, 
not much more than the cost of a daily newspaper. ~ 


When it's INDERAL (propranolol hydrochloride) tablets you want for 
your bypertension patients, remember to specify Dispense As Written 
(DAW) or Do Not Substitute on your prescriptions. That way, you can 


always be assured they'll get INDERAIZ?. Please see next 
.page for brief summary of prescribing information. INDE RAL 
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er. BRIEF SUMMARY (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE CIRCULAR.) EE: blockade can cause reduction of intraocular pressure. Patients’ ° 
"A M i e shouid be told E pb rn ee oe Hie interfare with the glaucome 
“o, Al® 1 ochioride : ` , test. Withdrawal may to a return of increased intraocular pressure, 

X INDERAL* (propranoio! hydr ) Tablets - . E Ls nical Laboratory Tests: Elevated blood hes eb in patients with severe heart disease, 

i $ l CONTRAINDICATIONS ` i n serum transaminase, alkaline phosphatase, lactate rogenase. 

t^— INDERAL is contraindicated in 1) cardiogenic shock, 2) sinus bradycardia and greeter than DRUG INTERACTIONS: Patients receiving catecholamine-depleting drugs such as reser- 

g first degree block, 3) bronchial asthma, 4) congestive heart faure (see WARNI unlass Gc adonde ri pides Ui a is patel ales The E a l 

^ the failure is secondary to a peers traatable with IN DERAL. = ch may eatin prod eniin: siia pce ae sympa r nA ED , 

"' CARDIAC FAILURE: thetic PE eian be a vital component su ting circula- atic ension. 

p». tory function In tenn heart jalure. and its inhibition b uopering cko may ' Carc s, Mutagenesis, Impairment of Fertility: Long-term studies in animals have. 

y — tive heart failure, if necessary they can be used with close follow-up In patients with a history pon Kus and mice, employing doses up to 150 Ue bec day there was no evidence of signifi- 
c * of fallure who are well compensated and are receiving digitalis and diuretics. Beta- ; jen Arai toxicity There were no ud -reiatad tumorigenic effects at any of the'dos- . 

Y adrenergic blocking agents do not abolish the inotropic action of digitalis on heart muscle. Reproductive studies in animals did not show any impairment of fertility that was 
c IN PATIENTS Wi A HISTORY OF HEART FAILURE, continued use of beta Dlocxers attributable to bd drug. 

K can, In some cases, lead to cardiac failure. Therefore, at the first sign or tomofheart > Pregnancy: Bir Category C. INDERAL has been shown to be embryotaxic in animal 
- failure. the patient should be digitalized and/or treated with diuretics, the rasponse : studies at doses t 10 times greater than the maximum recommended human dosa, > 

t observed closely or INDERAL should be discontinued (gradually H possible).. ' There are no adequate and wal-controlled studies in pregnant women. INDERAL should 


be used duri prognan only H the potential benefit fles the potential risk to the fetus. «. 


Nursing is excreted in human mik. Caution should be exercised when ' 
INDERAL is loris to a nursing woman. 


Pediatric Use: Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 


To adverse effects have been mild and traneient and have rarely required the withdrawal o. a 
erapy 
' — Cardiovascular: bradycardia; congestive heart failure: intengification ot AV block; hypo 

Rn peers of hands; thrombocytopenic purpura; arterial insuffickency usually 


gredi Nervous System: Lightheadedness; mental depression manifested ; insomnia; 
lassitude, weakness, fatigue; reversible mental depression progressing to catatonia; visual 


; - disturbances; hallucinations: an acute reversible syndrome characterized by disorientation — 
+- Nonall kc bronchitis, ) — PATIENTS WITH 
* * BRONCHOUASTIC DISEASES Can IN GENERAL NOT RECEIVE BETA BLOCKERS, ae ee ce oE nany ee ea tania aay ees eon 











IN PATIENTS WITH ANGINA PECTORIS, there have been repons of exacerbation of ` 

ug na and, in some cases, myocardial infarction, following abrupt discontinuance of 
L therapy Therefore, when discontinuance of INDERAL is planned the dosage 

SUE be gradually reduced over at least a few weeks and the nt should be cau- 

' toned ag nsi internuption or cessation of therapy without the physician's advice. If 

' INDERAL therapy is interrupted and exacerbation of angina occurs, It usually is advis- 
abletor INDERAL therapy and take other measures appropriate for the man- 
agemert of unstable angina pectoris. Since coronary artery disease may be 
unrécognized, it may be prudent to follow the above advice in patients considered at risk 


of having occuit atherosclerotic heart diseasa who are given propranolol for other 
indications. 
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for acute MI in more than 350 hospitals. 
Reduces 3-month mortalit 
Reduces incidence of ventricular fibrillation 


Reduces duration of chest pain and need for analgesics 
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Lopressor is contraindicated in patients with a heart rate —45 beats/min; significant heart block greater than first degree (P-R interval 


=0.24 sec); systolic blood pressure — 100 mmHg; or moderate-to-severe cardiac failure. Please see last page for Brief Summary of >r n- 





Prescribing Information. 
p I 1. Hjalmarson A, et al: The Góteborg Metoprolol Trial: Effects on mortality and morbidity in acute myocardial infarction. Circulation 1983 
(June); 67(suppl 1):-26-I-32. E 


2. Rydén L, et al: A double-blind trial of metoprolol in acute myocardial infarction. Effects on ventricular tachyarrhythmias. N Engl J Med 
1983 (Mar 17); 614-617. 
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Tablets 
Ampuls 
Prefilled Syringes 


. Lopressor* 


metoprolol tartrate 


- BRIEF SUMMARY 
- (FOR FULL PRESCRIBING INFORMATION, SEE PACKAGE 
INSERT) 


INDICATIONS AND USAGE 
-Myocardial Infarction 
- Lopressor ampuls, prefilled syringes and tablets are indicated 
-in the treatment of hemodynamically stable patients with 
definite or suspected acute myocardial infarction to reduce 
= Cardiovascular mortality. Treatment with intravenous 
— Lopressor can be initiated as soon as the patient's clinical 
.. condition allows (see DOSAGE AND ADMINISTRATION, 
-.. CONTRAINDICATIONS, and WARNINGS). Alternatively, treat- 
.. ment can begin within 3 to 10 days of the acute event (see 
y» DOSAGE AND ADMINISTRATION). 


—... CONTRAINDICATIONS 
—. Myocardial Infarction 
—  Lopressor is contraindicated in patients with a heart rate 

< 45 beats/min; significant heart block greater than first 
. degree (P-R interval = 0.24 sec); systolic blood pressure 
. « 100 mmHg; or moderate-to-severe cardiac failure 
(see WARNINGS). 

. WARNINGS 
— Myocardial Infarction 
_ Cardiac Failure: Sympathetic stimulation is a vital compo- 

nent supporting circulatory function, and beta blockade 
- carries the potential hazard of depressing myocardial con- 
eI ^vi and precipitating or exacerbating minimal cardiac 
- failure. 
= During treatment with Lopressor, the hemodynamic status 

of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued 

ae . Bradycardia: Lopressor produces a decrease in sinus 

_ heart rate in most patients; this decrease is greatest among 
le patients with high initial heart rates and least among patients 
| with low initial heart rates. Acute myocardial infarction 

-. (particularly inferior infarction) may in itself produce signifi- 

Cant lowering of the sinus rate. If the sinus rate decreases 
- to < 40 beats/min, particularly if associated with evidence 
of lowered cardiac output, atropine (0.25-0.5 mg) should be 
administered intravenously. If treatment with atropine is not 
- successful, Lopressor should be discontinued, and cautious 
.. administration of isoproterenol or installation of a cardiac 
pacemaker should be considered. 

- . AV Block: Lopressor slows AV conduction and may 

~ produce significant first- (P-R interval 70.26 sec), second-, 
Of third-degree heart block. Acute myocardial infarction also 
~ produces heart block. 

If heart block occurs, Lopressor should be discontinued 

and atropine (0.25-0.5 mg) should be administered intra- 
-venously. If treatment with atropine is not successful, 

— Cautious administration of isoproterenol or installation of a 

.. Cardiac pacemaker should be considered. 

_ Hypotension: If hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 

. and the hemodynamic status of the patient and the extent of 

. myocardial damage carefully assessed. Invasive monitoring 
-. of central venous. pulmonary capillary wedge. and arterial 
- pressures may be required. Appropriate therapy with fluids, 
- positive inotropic agents, balloon counterpulsation, or other 
«treatment modalities should be instituted. If hypotension is 
gir associated with sinus bradycardia or AV block, treatment 
Bis should be directed at reversing these (see above). 
= Bronchospastic Diseases: PATIENTS WITH BRONCHO- 

. SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
. BETA BLOCKERS. Because of its relative beta, selectivity, 
~ Lopressor may be used with extreme caution in patients 
.. with bronchospastic disease. Because it is unknown to what 
» extent beta;-stimulating agents may exacerbate myocardial 
. ischemia and the extent of infarction, these agents should 
_ not be used prophylactically. If bronchospasm not related 
. to congestive heart failure occurs, Lopressor should be 
. discontinued. A theophylline derivative or a beta, agonist 
may be administered cautiously, depending on the clinical 
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condition of the patient. Both theophylline derivatives and 
beta, agonists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with 
impaired hepatic function. 

Information for Patients 

Patients should be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following 
meals. If a dose should be missed, the patient should take 
only the next scheduled dose (without doubling it). Patients 
should not discontinue Lopressor without consulting the 
physician. 

Patients should know how they react to this medicine 
before they operate automobiles and machinery or engage in 
other tasks requiring alertness. Patients should contact the 
physician if any difficulty in breathing occurs, and before 
surgery of any type, the patient should inform the physician 
or dentist that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be closely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Long-term studies in animals have been conducted to 
evaluate toxic effects and carcinogenic potential. In a 1-year 
study in dogs, there was no evidence of drug-induced toxicity 
at or below oral dosages of 105 mg/kg per day. In 2-year 
studies in rats at three oral dosage levels of up to 800 mg/kg 
per day, there was no increase in the development of 
spontaneously occurring benign or malignant neoplasms of 
any type. The only histologic changes that appeared to be 
drug-related were an increased incidence of generally mild 
focal accumulation of foamy macrophages in pulmonary 
alveoli and a slight increase in biliary hyperplasia. Neither 
finding represents symptoms of a known disease entity in 
man. In a 21-month study in mice at three oral dosage levels 
of up to 750 mg/kg per day, benign lung tumors (small 
adenomas) occurred more frequently in female mice receiving 
the highest dose than in untreated control animals. There was 
no increase in malignant or total (benign plus malignant) lung 
tumors, nor in the overall incidence of tumors or malignant 
tumors. This 21-month study was repeated, and no statis- 
tically or biologically significant differences were observed 
between treated and control mice of either sex for any type 
of tumor. 

Pregnancy Category B 

Reproduction studies have been performed in rats at doses 
up to 55.5 times the maximum daily human dose of 450 mg 
and have revealed no evidence of impaired fertility or 
teratogenicity due to Lopressor. Increased postimplantation 
loss and decreased neonatal survival did occur in the rats 
(threshold between 50 and 500 mg/kg), and distribution 
studies in mice confirm exposure of the fetus when Lopressor 
is administered to the pregnant animal. There are no. 
adequate and well-controlled studies in pregnant women. 
Because animal reproduction studies are not always predic- 
tive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. 
An infant consuming 1 liter of breast milk daily would receive 
a dose of less than 1 mg of the drug. Caution should be 
exercised when Lopressor is administered to a nursing 
woman. 

Pediatric Use 

Safety and effectiveness in children have not been 
established. 
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ADVERSE REACTIONS 

Myocardial Infarction 

Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, halluci- 
nations, headache, dizziness, visuai disturbances, contusion, 
and reduced libido have also been reported, but a drug 
relationship is not clear. 

Cardiovascular: In the randomized comparison of 
Lopressor and placebo described in the CLINICAL PHAR- 
MACOLOGY section, the following adverse reactions were 
reported: 


Lopressor Placebo 

Hypotension 27.4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27.5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been 
reported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients 

Dermatologic; Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been 
reported with other beta-adrenergic blocking agents and 
should be considered potential adverse reactions to 
Lopressor. 

Central Nervous System: Reversible mental depression 
progressing to catatonia; an acute reversible syndrome 
characterized by disorientation for time and place, short-term 
memory loss, emotional lability, slightly clouded sensorium. 
and decreased performance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching 
and sore throat, laryngospasm, and respiratory distress. 
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Conduit Bypass of Mitral Valve: A 
Palliative Approach to Congenital 
Mitral Stenosis 


F.M. MIDGLEY, MD 
L.W. PERRY, MD 
B.M. POTTER, MD 


Congenital mitral stenosis (MS) accounts for less than 
0.05% of heart disease seen by pediatric cardiologists." 
It may be produced by at least 4 types of mitral valve or 
papillary muscle pathology,” and require surgical relief 
in a patient so small that currently available prosthetic 
valves cannot be inserted into the mitral anulus. We 
review the use of the valved-conduit mitral valve bypass 
procedure in an infant. 


A 16-month-old girl had clinical and echocardiographic 
evidence of MS resulting from thickened mitral valve with 
fused chordae tendineae and fused papillary muscles. Car- 


diac catheterization confirmed congenital MS with a mitral 


valve area of 1.2 cm?/m? and a mean mitral gradient of 12 
mm Hg; pulmonary artery pressure was 50/15 mm Hg and 
systemic arterial pressure 105/45 mm Hg. Because of per- 
sistent pulmonary edema unresponsive to medical man- 
agement, a conduit was placed between the left atrial ap- 
pendage and the left ventricular apex at 17 months of age, 
after it was determined by intraoperative measurements that 
the mitral anulus was less than 13 mm and would not accept 
the smallest available prosthetic valve with a 15-mm sewing 
ring. The 12-mm woven Dacron? conduit contained a Han- 
cock porcine bioprosthetic valve and was connected to the 
left ventricle by a 10-mm right-angle stent. The conduit 
length from left atrial appendage to conduit valve was 40 
mm, and 50 mm from the valve to the left ventricular apex. 
Despite initial improvement, pulmonary edema developed 
within a month. Recatheterization showed anterograde flow 
through the conduit (Fig. 1), a pulmonary artery pressure 
of 50/20 mm Hg, systemic arterial pressure of 120/55 mm Hg 
and persistent MS (functional orifice size of 1.4 cm 2/m2 and 
mean mitral gradient of 15 mm). By angiographic estimation 
flow through the native mitral valve was greater than through 
the conduit. Doppler flow studies confirmed lower flow ve- 
locity through the conduit than through the native mitral 
valve. Because of progressive, medically uncontrollable and 
recurrent pulmonary edema, and because echocardiography 
suggested growth of mitral anulus, the patient underwent 
reoperation at 28 months of age. On direct inspection, the 
anulus would not accept a 15-mm prosthetic valve and the 
patient died in the operating room. Autopsy examination 
revealed an unobstructed conduit; the mitral valve had been 
excised at surgery. 


A left atrial-left ventricular conduit was reported 
as a technique for the relief of congenital MS in 
a 2-month-old infant in 1981. A 12-mm porcine 
bioprosthetic valve was used in the conduit. Postoper- 
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ative catheterization showed a residual 9-mm Hg gra- 


dient across the mitral valve with a functional mitral . 
valve area of 1.2 cm?/m?. The patient died 9 months © 
postoperatively after a respiratory illness. Autopsy re- - 


vealed no obstruction of the conduit.^ 
The procedure was also used successfully in a 15- 


year-old patient. The size of the conduit was not de- . 


scribed, but the patient improved and catheterization 





15 months postoperatively showed a 4-mm Hg gradient 


between left atrium and left ventricle and a good he- 
modynamic result.? A valved conduit also has provided 
excellent results in an adult with calcific MS.9 

Both the patient reported by Lak et al^ and here- 


in received conduits containing a 12-mm porcine . 


bioprosthetic valve. At postoperative recatheterization, 


functional mitral valve areas of 1.2 and 1.4 cm?/m?, re- — 
spectively, were present although a larger valve area was Ls 
expected on the basis of the known area of the - 
bioprosthetic valve. This suggests residual obstruction 


may be related, in part, to the length of the conduit in 
patients receiving small valves. In our patient the total 
conduit length from left atrium to left ventricle, in- 
cluding the stent, was 9 cm, representing a significant 


resistance to flow through the conduit. This is especially _ 


so considering the low filling pressure provided by the - 
left atrial contraction. Additionally, the valve in the - 


Pi Mi. 


conduit was positioned as close to the ventricular end _ 
as feasible in order to minimize an aneursym-like blind — 


pouch. In our patient, the native valve area was 1.2 
cm?/m?, the inserted valve area was 1.3 cm?/m? and the 


expected functional mitral valve area would have been. 


2.5 cm?/m?. 


Valved-conduit left atrial-to-left ventricular bypass : 


must be considered a palliative procedure in the infant — 
with congenital MS. The efficacy of the procedure may — 


1 
+ uil 






: limited by the size sof the io praithetie valve, the length 
of the conduit and the diameter of the left ventricular 


stent. 
a References 


1. Ferencz C, Rubin JD, McCarter RJ, Brenner JI, Neill CA, Perry LW, Hepner 
SI, Downing JW. Congenital heart disease: prevalence at livebirth. The 
Baltimore-Washington infant study. Am J Epidemiol 1985;121:31-36. 

: Ruckman RN, Van Praagh R. Anatomic types of congenital mitral stenosis: 


CREAR T E Se a a EE ^ TOT PR ae M iL PORT, | 


report of 49 autopsy cases with consideration of diagnosis and a im- 
e Ar Am J Cardiol 1978;42:592-601. 

3. Roberts bep Cohen LS. Left ventricular papillary muscles. Description of 
the normal and a survey of conditions causing them to be abnormal. Circu- 
lation 1972; 46:1381- 1384. 

4. Laks H, Hellenbrand WE, Kleinman C, Talner NS. Left atrial-left ventricular 
conduit for relief of congenital mitral stenosis in infancy. J Thorac Cardiovasc 
Surg 1980;80:782-787. 

5. Lansing AM. Elbl F, Solinger RE, Rees AH. Left atrial-left ventricular bypass e 
for congenital mitral stenosis. Ann Thorac Surg 1983;36:667-669. 

6. Wright JS, Thomson DS, Warner G. Mitral valve bypass by valved conduit. 
Ann Thorac Surg 1981;32:294-296. 





_ Infusion of Blood from Pericardial Sac 
. into Femoral Vein: A Technique for 


- . Survival Until Operative Closure 
... Of a Cardiac Perforation During 
S Balloon Septostomy 
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M J. TIMOTHY BRICKER, MD 

4 CHARLES E. MULLINS, MD 
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Balloon atrial septostomy is the standard procedure for 
creation of atrial septal defect (ASD) in neonates with 
| 'omplete transposition of the great arteries.'? Atrial 
laceration and cardiac tamponade have occurred, and 
this complication is usually fatal.2-® We recently en- 
countered an infant who had a left atrial laceration, 
'ardiac tamponade, and shock after balloon atrial sep- 
tostomy. Pericardiocentesis with reinfusion of oxy- 
'enated pericardial blood into the femoral vein was used 
for successful resuscitation. This resuscitative technique 
og not been previously reported. 









" The patient was an infant, weighing 3.4 kg, who presented 
lit cyanosis at age 8 hours. Arterial blood gases with 33% 
oxygen showed a pH of 7.36 and a PO» of 20. Echocardiogra- 

hy showed transposition and a small patent ductus arte- 
tosus. A prostaglandin infusion was started and the patient 
was taken to the cardiac catheterization laboratory. Cathe- 
erization confirmed the diagnosis. Atrial septostomy was 
performed using a 5Fr balloon atrial septostomy catheter 
Edwards Laboratories, model 83-051-5F9). The balloon was 
inflated to a maximum of 4 cc and was pulled from the left 
lium to the right atrium 6 times. Systemic oxygen satu- 
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ration received from 73% before to 83% after septostomy. 
After catheterization, the prostaglandin infusion was dis- 
continued. During the next several hours, the patient's sys- 
temic oxygen saturation decreased to 30% and the prosta- 
glandin was reinstituted. Echocardiography demonstrated 
an ASD with a maximal dimension of 3 to 4 mm. The valve 
of the foramen ovale appeared to be bulging toward the right 
atrium and the left atrium was enlarged. A second cardiac 
catheterization was undertaken to enlarge the defect and 
improve atrial mixing. It documented a restrictive ASD by 
angiography and a 4-mm Hg gradient between the peak 
pressures of atria. Repeat balloon atrial septostomy was 
performed using a balloon inflation of 6 cc. Immediately after 
septostomy, the patient became profoundly hypotensive and 
bradycardiac. Despite vigorous resuscitation (including 
administration of 100 ml of packed red blood cells), the pa- 
tient's femoral artery pressure could not be sustained above 
a systolic pressure of 30 mm Hg. Fluoroscopy demonstrated 
an enlarging cardiac silhouette and echocardiography con- 
firmed the presence of a large pericardial effusion. A 21- 
gauge needle was placed in the pericardial space by the 
subxyphoid approach. A 0.018-inch wire (Argon Medical 
Corp. cat. no. 395200) was passed through the needle into the 
pericardial space. The wire was advanced and confirmed by 
fluoroscopy to be in the pericardial space. The needle was 
removed and a 16-gage angiocatheter (Deseret Medical Inc. 
cat. no. 38-2854-1) was advanced over the wire into the 
pericardial space. Fresh, well-oxygenated blood was aspi- 
rated from the pericardial space and was reinfused directly 
into the femoral vein. Aspiration and reinfusion were per- 
formed repeatedly and resulted in clinical stabilization with 
a femoral artery systolic pressure of 50 to 60 mm Hg. While 
continuing aspiration and reinfusion, the patient was taken 
to the operating room. At surgery, a small laceration at the 
base of the left atrial appendage was sutured and hemody- 
namic stability was achieved. The postoperative course was 
complicated by transient pulmonary, central nervous system 
and renal dysfunction. The patient was discharged after 3.5 
weeks in hospital. At age 5 months, the patient has mild 
cyanosis and normal growth and development. The ASD is 
8 mm on echocardiography. An elective interatrial repair is 
anticipated. 


The resuscitative technique used in this patient al- 
lowed hemodynamic stability and successful surgical 
repair of the atrial wall laceration. There were no sig- 
nificant adverse sequelae. The Edwards-Miller balloon 
atrioseptostomy catheter package insert suggests a 
maximal balloon volume of 4 ml. Sondheimer et al^ re- 
ported a high incidence of complications using catheter 
volumes greater than 4 ml with 2 of 5 cases resulting in 
atrial rupture and fatal cardiac tamponade. Our cath- 
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eterization protocol calls for the use of balloon volumes 
of 4 to 6 ml for initial balloon septostomies. Our expe- 
rience and the recently reported experience of Powell 
et al? have been that the hazard of atrial rupture and 
tamponade is not related to balloon volume. Moreover, 
adequacy of septostomy to be directly related to balloon 
volume and wall tension of the inflated balloon. Peri- 
cardiocentesis and reinfusion of pericardial blood may 
be a lifesaving resuscitative technique in infants hav- 
ing balloon atrial septostomy complicated by atrial 
hemorrhage. 





Balloon Occlusion Angiography in 
Infancy: Methods, Uses and Limitations 


JOHN F. KEANE, MD 
RICHARD McFAUL, MD 
KENNETH FELLOWS, MD 

JAMES LOCK, MD 


Corrective operations are now possible in infancy. 
Therefore, precise preoperative anatomic delineation 
in lesions such as tetralogy of Fallot with pulmonary 
atresia (TOF-PA), coarctation of the aorta (COA) and 
interruption of the aortic arch (IAA) is mandatory. 
Ventriculography alone is often inadequate in providing 
precise pulmonary artery or aortic arch anatomy, thus 
making aortography necessary. Although the latter may 
be accomplished by a retrograde or anterograde ap- 
proach, much of the contrast material using standard 
techniques passes down the descending aorta without 
outlining the areas of interest. Balloon occlusion angi- 
ography (BOA) using an anterograde approach prevents 
this contrast loss and enhances local anatomic defini- 
tion. This technique has been described in infants, the 
largest detailed study to date involving 12 babies.!-? In 
this report we review our experience with BOA in 37 
infants over the past 5 years and identify the uses and 
limitations of this technique. 


The 37 infants studied ranged in age from 1 day to 9 
months (median 5 days). All but 2 weighed less than 5 kg 
(median 3.2). The most common lesions studied were 
TOF-PA, (12 patients), COA (11 patients) and IAA (7 pa- 
tients). Excluding those with TOF-PA, significant intra- 
cardiac lesions were also present in all but 1 patient, in- 
cluding ventricular septal defect (12 patients), hypoplastic 
left heart syndrome (6 patients), tricuspid atresia (3 pa- 
tients) and transposition (2 patients). A 5Fr Berman angi- 
ographic catheter (Critikon Inc.), used for all angiograms, 
was introduced through a femoral vein (percutaneously) in 
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29 patients, through the umbilical vein in 7 and by cutdown 
into the left axillary vein in the remaining patient and car- 
bon dioxide was used for balloon inflation. In TOF-PA,the — — 
catheter was passed from the right ventricle across the aortic - 
valve to the descending aorta; in COA and IAA the aorta was m y 
reached through a patent ductus arteriosus. The sites of BOA  — 
were the mid-descending thoracic aorta (33 patients), patent — 
ductus arteriosus (1 patient), left innominate vein (1 pa- mig 
tient), right superior vena cava (1 patient) and right carotid Ms 
artery (1 patient). The sitting-up (45°) position was used i in E 
TOF-PA and the long axial oblique view in all other aorto- i 
grams. After satisfactory positioning of the inflated balloon, ` b 
contrast medium was injected (median volume 1.5 ml/kg) — 
with a mechanical injector at a median flow rate of 10 mus 
Biplane cineangiograms were recorded in all but the 2 ve- 
nous studies and balloon occlusion time did not exceed 9j 
seconds. 4 
Anatomic definition was considered diagnostic in 34 of tice A 
37 studies. Among the 12 babies with TOF-PA, all collaterals 
to all lung segments were visualized in 11, together with — 
filling of the central mediastinal pulmonary arteries in 10 . 
(Fig. 1). The COA was clearly outlined in 9 of the 11 infants — 
with this lesion (Fig. 2). The site of interruption was better T 
seen in the left oblique in all 7 patients with IAA (Fig. 3). In EU 
a venous injection with occlusion of the left innominate vein, — — 
partial anomalous pulmonary venous return was well seen d id 







study, a communicating left innominate vein between bi- 
lateral superior venae cavae was excluded during occlusion NN 





FIGURE 1. Balloon occlusion angiogram in tetralogy of Fallot and pul- 
monary atresia, sitting-up (45?) position. The occluding balloon (ar- t 
rowheads) is in the midthoracic aorta. Direct collaterals are visual- 
ized together with retrograde filling of central pulmonary arteries A 2 
(arrows). | 
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_ FIGURE 2. Balloon occlusion angiogram of coarctation of aorta, long 
axial oblique view. The venous catheter traverses a small patent ductus 
arteriosus to reach the thoracic aorta. The contrast material refluxes 

_as far as the aortic valve and outlines the discrete coarctation of the 

- aortic at the isthmus. 





FIGURE 3. Balloon occlusion angiogram in interruption of aortic arch, 
long axial oblique view. The venous catheter reaches the descending 
aorta through a large patent ductus arteriosus (arrows). No reflux of 
contrast occurs into the transverse arch and both subclavin arteries 
are seen to arise distal to the site of interruption. 


of the proximal right superior vena cava, the latter reached 
through an azygous extension. 

Anatomic information was unsatisfactory in 3 infants. In 
1 infant with TOF-PA, no perfusion of left lung vessels was 
evident (Fig. 5A), the contrast column extending only to the 
aortic isthmus. A second injection was then made in the as- 
cending aorta, resulting in filling of left lung vessels through 
a collateral which arose from the underside of the mid 
transverse aortic arch (Fig. 5B). In the other 2 infants, both 
with COA, the site of balloon occlusion was too distal (at the 
diaphragm) in one and too proximal (in the patent ductus) 
in the other. 

No complications occurred that could be attributed to the 
BOA itself. However, in a critically ill intubated infant, 
compromise of the arterial circulation of the left leg was 
noted several hours after the study. He had undergone only 
a coarctation repair 5 days previously, but resumption of 
prostaglandin E; therapy was required to reopen the patent 
ductus to augment cardiac output, because of a severe re- 





FIGURE 4. Balloon occlusion of left innominate vein with reflux of 
contrast into anomalously draining left upper pulmonary vein. 


FIGURE 5. Left, balloon occlusion angiogram in an infant with tetralogy 
of Fallot with pulmonary atresia showing filling of right pulmonary artery 
through collaterals arising near origin of aberrant right subclavian artery. 
Despite dense opacification of vessels with this technique, no left-sided 
collaterals or pulmonary arteries are seen. Right, ascending aortogram 
in the same infant shows filling of left pulmonary artery by a collateral 
from the transverse aortic arch. 


sidual COA. Catheter passage through this ductus before 
BOA may have resulted in dislodgement of a thrombus. 


Since Denham's initial description of BOA,! use of 
this technique has been reported in 63 infants and 
children,?-$ with details described in 27 infants.?5 Our 
own experience with 37 infants confirms the usefulness 
and safety of this technique. It is particularly useful for 
visualizing central pulmonary arteries and collaterals 
in TOF-PA and aortic arch anatomy in COA and IAA. 
The sitting-up view is best in those with TOF-PA be- 
cause it separates the collaterals from the central pul- 
monary arteries. The long axial oblique view and its 
reciprocal angled right anterior oblique projection are 
satisfactory for those with COA. The site of IAA is best 
appreciated in the long axial oblique view. Similar to 
infants described by Castaneda-Zuninga et al^ and 
Fiddler and Partridge, BOA with occlusion of the PDA 
in our patient with total anomalous pulmonary venous 
return outlined the infradiaphragmatic route of these 
obstructed veins. Our 2 venous studies clearly outlined 
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have TOF-PA. Since contrast material concentrates in 2: 


partial anomalous pulmonary venous return in one and 
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r when using the sitting-up view, the opacified liver being 
superimposed on the field of interest. In those believed 
to have COA or IAA, we recommend doing a left ven- | 
tricular biplane angiogram first in the long axial obliq e 
projection and then BOA, if necessary. D» 
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absence of a communicating left innominate vein in the 
other. 

The volumes of contrast medium (1.5 ml/kg) and flow 
rates (10 ml/s) that we used were similar to those pre- 
viously reported.^-9 Our injections were accomplished 
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using a mechanical injector without incident rather than Acknowledgment: We express our gratitude to Lisa-Jean. Es 
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37 studies, 3 were technically unsatisfactory. Positioning o 
of the occluding balloon in the midthoracic aorta would References » EY 


have mp roved 2 of these. In the other, with TOF-PA, . Denham B. Aortography in infantile coarctation (letter). Br Med J 1978;1: - 
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filling of right lung vessels only was evident, necessi- : 1282-1283. D$ ji v 
: : : s . Mulholla . Aortoaraphy in infantile coarctiion (letter). Br Med J 1978; - 
tating an ascending aorta angiogram to outline a more 2-57. grapy ( | | E 
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terial studies in these babies. Finally, we recommend 
that BOA be the first angiogram in babies believed to 5. 


the liver, previous angiograms will cause loss of detail 
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showed a prominent dissection flap with the systolic flow in 
the inner lumen (L1) being directed away from the trans- — 


. Evaluation of Aortic Dissection by 
Doppler Color Flow Mapping ducer (hence colored blue) in a downward direction, similar. 
to that seen in a nondissected descending aorta. In the outer ` 


| lumen (L2), bidirectional systolic flow was noted, with red 
IDDHARTH V. DAGLI, representing flow directed upward toward the ascending — 

t NAVIN C. N Meet A 5 a 9 aorta, and blue downwardly directed flow. Abnormally di- — 

DAVID ROITM AN MD rected flow in the outer lumen identified it as a false lumen . - 

: and the clear demarcation between the oppositely directed — 


SALLY MOOS flow patterns suggested the presence of a communication at — 

MING C. HSIUNG, MD this site between the true and false lumen. Thus, flow en- | 

| P.H. NATH, MD tering from the true lumen was directed both upward and — 
| BENIGNO SOTO, MD downward within the false channel. Aortography confirmed. 
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| the echocardiographic findings (Fig. 2). An 
A Ee avantage of d tad Nc I Dossier During this admission, the patient underwent surgery for 
color flow mapping is the display of flow patterns su- 
perimposed on real-time 2-dimensional (2-D) images.!-? 
The following case demonstrates the feasibility of this 
‘technique to map flow in both the true and false lumens 





establishing hemostasis, which resulted in intraoperative - 
death. E 


| in patients with aortic dissection. Also, color-coded di- 


rectional analysis of flow patterns may help to identify 
the presence of a communication between the 2 lumens, 
which is often not apparent on 2-D imaging. 


A 38-year-old man underwent Bjórk-Shiley replace- 
ment of his aortic valve for aortic regurgitation and Dacron® 
tube graft replacement of the supracoronary portion of the 
ascending aorta for DeBakey type I dissection 8 years earlier. 
Three years later, he underwent Hancock porcine prosthesis 
replacement of the Bjórk-Shiley valve because of recurrent 
bleeding episodes secondary to anticoagulation therapy. 
Suprasternal real time 2-D echocardiography performed 
during the present admission revealed a 8-cm-wide aneurysm 
involving the proximal ascending aorta with a dissection flap 
in the proximal descending and abdominal aorta. Doppler 
color flow imaging of the proximal descending aorta (Fig. 1) 
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In this case we have shown the feasibility of visual- 
izing differential flow patterns in both true and false 
lumens in aortic dissection noninvasively; these have | 
both prognostic and therapeutic implications.* In ad- 
dition, the Doppler color flow finding of bidirectional 
flow patterns in the false lumen served to identify the - 
site of communication between the true and false lu- 
mens, which also has an important implication becaus T 
one of the surgical aims is to interrupt flow in the false. 
lumen.? 
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FIGURE 1. Doppler color flow mapping in aortic dissection. Top left, 
suprasternal 2-dimensional examination shows a linear dissection flap 
in the proximal descending aorta. L1 = inner lumen; L2 = outer lumen. 
Top right and bottom left, in the inner lumen (L1), systolic flow (thin 
arrows) is directed away from the transducer in a downward direction 
(hence blue color). In the outer lumen (L2), the flow is bidirectional, being 
directed toward (thick arrows, red color) and away (thin arrow, blue 
color) from the transducer. The junction between the oppositely directed 
flow patterns in the false lumen represents the site of communication 
between the 2 lumens. AA = ascending aorta; AV = aortic valve; DA 
= descending aorta; IA = innominate artery; LC = left common carotid 
artery; LS = left subclavian artery. 


FIGURE 2. Left anterior oblique view of ascending aortogram performed 
through the right brachial approach. There is extensive aortic dissection 
commencing in the ascending aorta. The irregular intimal flap is outlined 
by arrows. Two sites of communication between the true and false 
channels are identified by asterisks, one in the ascending aorta and the 
other in the descending thoracic aorta. (The latter corresponds to the 
site of the Doppler echocardiographic detection.) FL = false lumen; 
IA = innominate artery; LC = left common carotid artery; TL = true 
lumen. 
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- Aspergillus Fumigatus Thrombi Causing 
Total Occlusion of Both Coronary 
_ Arterial Ostia, All Four Major Epicardial 
* Coronary Arteries and Coronary 
Sinus and Associated with 


Purulent Pericarditis 








ELIZABETH M. ROSS, MD 
ABE M. MACHER, MD 
WILLIAM C. ROBERTS, MD 


Cardiac aspergillosis, rarely diagnosed premortem, oc- 
curs in immunosuppressed patients, particularly in 
those with hematologic and lymphoreticular malig- 
nancies or in those having had an organ transplant.!-? 
Endocarditis, myocarditis and thrombi of coronary 
vessels have been described. We report a patient with 
fungal occlusion of both coronary arterial ostia, the lu- 
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FIGURE 2. The heart of the patient described. 
a, fungal thrombus (arrow) occluding the os- 
tium of the right coronary artery. b, fungal 
thrombus (arrow) occluding the ostium of the 
left main coronary artery. c, longitudinal sec- 
tion showing occlusion by fungal thrombus of 
both the left circumflex (LC) coronary artery 
and the coronary sinus (CS). d, photomicro- 
graph of cross section of left anterior de- 
scending coronary artery just after its origin 
from the left main artery. The dark-staining 
structures are fungal hyphae consistent with 
aspergillus species. A — anterior mitral leaflet; 
LA = left atrial cavity; LV = left ventricular 
wall; P — posterior mitral leaflet. Gomori-silver 
stain X27, reduced 30%. 
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mens of all 4 major epicardial coronary arteries and 
the coronary sinus with associated diffuse fungal 
‘pericarditis. 


__ A 31-year-old man, who had lymphoblastic lymphoma 
during his last 33 months of life, was treated with chemo- 
therapy and cranial irradiation. He had 3 bone marrow re- 
‘lapses between initial chemotherapy and his final relapse 
.27 months later (6 months before death). He was hospitalized 
.2 months before death because of granulocytopenia, fever 
and pulmonary infiltrates. He received broad-spectrum 
antibiotic therapy, amphotericin and rifampin without re- 
sponse. Clinical evidence of cardiac dysfunction never de- 
veloped. Results of the electrocardiogram and M-mode and 
cross-sectional echocardiograms were normal. Results of all 
fungal culture tests were negative. 

— Necropsy showed disseminated aspergillosis with multiple 
fungal pulmonary infarcts. Aspergillus fumigatus was cul- 
tured from lung tissue at necropsy. The heart weighed 490 
g. Both coronary ostia were occluded by fungal thrombi (Fig. 
41 and 2). The thrombus in the left coronary ostium extended 
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i Circulatory Shock Due to Ascites and 
| Responsive to Paracentesis 


ln KATHLEEN l. McCULLOUGH, MD 
[A JEFFREY M. ISNER, MD 
NATESA G. PANDIAN, MD 
MARK S. BANKOFF, MD 


The salutary effects of paracentesis on cardiac output 
have been documented previously in patients with he- 
patic cirrhosis, ascites and stable hemodynamic status.! 
This report documents the ability of paracentesis to 
restore satisfactory systemic perfusion when ascites is 
associated with circulatory shock. 


- A 49-year-old woman presented with a right pleural 
effusion and ascites caused by an abdominal B-cell lym- 
phoma. Her clinical course was complicated by renal failure, 
requiring a Swan-Ganz catheter for fluid management. The 
following pressures were measured at insertion: right atrial 
(RA), mean 5 mm Hg; right ventricular (RV), 30/5 mm Hg; 
pulmonary artery (PA), 30/8 mm Hg; and PA wedge, mean 
10 mm Hg. Progressive accumulation of ascites resulted in 
increasing abdominal distension. On the 23rd hospital day, 
she had a respiratory arrest. After resuscitation she remained 
hypotensive despite pressor support. A Swan-Ganz catheter 
was reinserted and the following pressures were recorded: RA 
mean, 16 mm Hg; RV, 32/20 mm Hg; PA, 36/26 mm Hg; and 
PA wedge mean, 24 mm Hg. On 6.8 ug/hg/min of dopamine, 
cardiac output was 4.1 liters/min with a calculated systemic 
vascular resistance (SVR) of 1,044 dynes s cm-5. The pa- 
tient’s condition continued to deteriorate, requiring dopa- 
mine, 60 ug/kg/min; dobutamine, 10 ug/kg/min; and Levo- 
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into the lumens of the left anterior descending and left cir- 
cumflex coronary arteries. The lumen of coronary sinus was 
filled with fungal thrombus. There were no myocardial or 
endocardial lesions. Histologic sections, stained by Go- 
mori-methanamine-silver method, showed numerous di- 
chotomously branching fungi consistent with aspergilluse 
species within the thrombi (Fig. 2). The epicardium of 
the heart was covered with fibrin containing hyphal 
organisms. 


To our knowledge, neither occlusion of both coronary 
ostia nor occlusion of a coronary sinus by thrombi— 
either infected or noninfected—have been described 
previously. 


References 


1. Young RC, Bennett JE, Vogel CL, Carbone PP, DeVita VT. Aspergillosis: 
the spectrum of the disease in 98 patients. Medicine 1970;49:147-173. 

2. Rubinstein E, Noriego ER, Simberkoff MS, Holzman R, Rahal JJ. Fungal 
endocarditis: analysis of 24 cases and review of the literature. Medicine 
1975;54:331-344. 


3. Walsh TJ, Hutchins GM, Bulkley BH, Mendelsohn G. Fungal infections of . 


the heart: analysis of 51 autopsy cases. Am J Cardiol 1980;45:357-366. 





phed®, 1 ug/kg/min, to maintain a systolic blood pressure 
of 90 mm Hg. The RA and PA wedge mean pressures re- 
recorded simultaneously were 22 and 20 mm Hg, respec- 
tively. Cardiac output fell to 2.9 liters/min (heart rate 131 
beats/min), and the calculated SVR increased to 1,508 dynes 
s cm ^?. Because the hemodynamic findings suggested peri- 
cardial heart disease, an echocardiogram was recorded; no 
pericardial fluid was observed. Furthermore, left ventricular 
function appeared normal. Computed tomographic exami- 
nation, performed 12 days earlier, indicated that the peri- 
cardium was of normal thickness, suggesting that constrictive 
pericarditis was unlikely. Because no other potentially re- 
versible cause for the patient's disturbed hemodynamic 
profile could be identified, paracentesis was performed: 2,000 
ml of ascitic fluid was removed. Immediately, systolic blood 
pressure rose from 64 mm Hg (with Levophed) to 90 mm Hg 
(without Levophed). Mean PA wedge pressure fell to 12 mm 
Hg, while the cardiac output increased to 4.3 liters/min 
(heart rate 129 beats/min) and SVR fell to 945 dynes s cm 5. 
The RA mean pressure and PA pressure remained un- 
changed at 22 and 45/25 mm Hg, respectively. The patient 
continued to require repeated paracenteses to maintain 
cardiac output in the face of rapid reaccumulation of ascitic 
fluid. She died in septic shock 2 days later. 


Right-sided heart catheterization after the onset of 
circulatory shock in this patient disclosed elevated and 
nearly equal right- and left-sided filling pressures. Be- 
cause a computed tomographic body scan performed 12 
days earlier had shown no evidence of a thickened per- 
icardium, constrictive pericarditis was believed to be 
unlikely.? A 2-dimensional echocardiogram excluded 
the diagnosis of cardiac tamponade caused by pericar- 
dial fluid. The patient had no clinical, electrocardio- 
graphic or echocardiographic evidence of coronary heart 
disease, ruling out the possibility that these hemody- 
namic findings were due to RV infarction.?^ Hemody- 
namic investigation performed earlier in the hospital 
course disclosed no evidence of restrictive cardiomy- 
opathy.? A lack of alternative diagnostic considerations 
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decompensated hemodynamic status responded 
promptly and repeatedly until her death 2 days later 
from bacteremic shock. 

, The hemodynamic response to serial, graded para- 
centeses in patients with tense ascites due to cirrhosis 
has been studied by Guazzi et al.! Cardiac output (li- 
ters/min) increased from a mean of 4.7 to 5.9 after the 
removal of up to 5 liters of fluid; corresponding increases 
in stroke volume, right and left ventricular stroke work 
and mean rate of systolic ejection were observed as well. 
Mean RA pressure in mm Hg (10 + 4.5) was similar to 
mean PA wedge pressure (11 + 5) before paracentesis; 
after removal of 5 liters of fluid, mean RA pressure de- 
clined progressively to 5 (mean), while the mean PA 
wedge pressure remained unchanged. Guazzi et al! 
proposed that augmented intraabdominal hydrostatic 
pressure caused by an accumulation of tense ascites is 
transmitted transdiaphragmatically, raising the cardiac 
transmural pressure and thus impairing the ability of 
the ventricles to expand and fill during diastole. Inad- 
equate diastolic filling was presumed to be the basis for 
suboptimal cardiac output. 


prompted a trial paracentesis, to which the patient's 
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In our patient, cardiac output increased substantially 
after paracentesis, allowing discontinuation of pressor — 






















changed. The incomplete resolution of disturbed 1- 
tracardiac filling pressures observed in this patient is, - 
in some respects, analogous to the hemodynamic re- - 
sponse observed after pericardiocentesis with effu- 
sive-constrictive disease.® e. 
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The AJC in September 1960 contained 23 articles oc- 
.cupying 135 pages including an 8-article “Symposium 
on Persistent Atrioventricular [AV] Canal,” guest edited 
[by R. Heim de Balsac.! 

_ Burchell and associates? from Rochester, Minnesota, 


D". 
"ni 
! 


reviewed electrocardiograms of 86 patients with defects 
in the lowermost portion of the atrial septum: 24 with 
t 1e complete type in which a single valve was present 
- (12 were <2 years of age at operation or necropsy) and 
-62 with the partial type in which 2 separate AV valves 
Were present and ventricular septal defect was absent. 
All 86 patients had left-axis deviation with the early 
‘manifest frontal vector in the 0° to —60? zone, and these 
authors stressed that “the electrocardiogram is the most 
important single item in alerting the physician to the 
diagnosis of congenital cardiac anomalies stemming 
from defective formation of the atrioventricular canal.” 
The tracings usually also showed evidence of right 
ventricular enlargement, particularly an rSR configu- 
ration in V; and/or V; typical of volume overload. The 
electrocardiographic changes in AV canal other than 
left-axis deviation were dependent mainly on the size 
of the intracardiac shunt, the presence of and degree of 
mitral regurgitation, and the level of right ventricular 
systolic pressure. A Q wave was present in Vs in 70% 
and the PR interval was >0.20 second in 60% of the 86 
patients with AV canal; in contrast, among their pa- 
tients with secundum type atrial septal defect the fig- 
ures were 35% and 15%, respectively. These authors 
elieved that the left-axis deviation in AV canal rep- 
esented a congenital aberration of the left bundle 
ranch system. 
Four articles concerned operative therapy of AV 
anal. Ellis and associates? from Rochester, Minnesota, 
lescribed their surgical experience utilizing extracor- 
real circulation in 86 patients. Of the 66 patients with 
the partial type of AV canal, 3 died (5%) while in the 
ospital, and of the 20 with the complete type, there 
were 13 (65%) hospital deaths. Cooley^ from Houston, 
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The AJC in September 1960 
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Texas, described results in 53 patients with AV canal: 
of the 29 with the partial type, 4 (13%) died early and 
of the 24 patients with the complete type, 16 (64%) died 
early. Dubost and Blondeau from Paris, France, re- 
ported operative results in 30 patients with AV canal: 
of the 21 with the partial or probably partial type, 3 
(14%) died early, and of the 9 with the complete variety, 
5 died early. Crawfoord and Senning? from Stockholm, 
Sweden, reported results of operation in 16 patients 
with AV canal: 6 (38%) died early. It was not possible to 
determine from their 1.5-page article how many of the 
16 patients had the partial form and how many the 
complete form. 

Puchner and associates? from Milwaukee, Wisconsin, 
performed phonocardiograms on 43 patients whose 
systemic arterial diastolic pressures were "consistently" 
2110 mm Hg (recumbent, cuff). Of the 43 patients, 17 
(40%) had apical precordial systolic murmurs recorded; 
12 (28%) had basal systolic murmurs recorded, and 15 
(35%) had basal diastolic murmurs recorded. None of 
the 15 patients with murmurs consistent with aortic 
regurgitation had peripheral signs of this valvular lesion. 
Why some patients with systemic hypertension have 
aortic regurgitation and others do not remains unclear. 
It is likely that this fine phonocardiographic study 


in patients with systemic hypertension will not be 
repeated. 
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Reduce fluid volume and 
improve hemodynamics in CHF 
Edema due to congestive heart failure offen 
demands highly effective diuresis to reduce the 
fluid load on the failing heart. Bumex* (bumet- 
anide/Roche) is the next generation in loop 
diuretic therapy for three powerful reasons. It 
moves out an unsurpassed volume of fluid and 
sodium, resulting in significant reductions in 
edema and right atrial and pulmonary artery 
wedge pressures. ' If's almost completely 
absorbed through the GI tract, so it's easy to 
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tifrate.* And Bumex completes high-volume 
diuresis fast—within four hours at usual 
doses.^* Your patients spend less time in 
diuresis, more time in normal activities. 


Bumex has a good safety profile; however, 
as with all loop diuretics, Bumex, if given in 
excessive amounts, can lead fo profound 
diuresis with water and electrolyte depletion, 
including hypokalemia. Serum electrolytes 
should be monitored periodically, especially in 
patients on low salt diets or those treated for 
prolonged periods or on high doses. 
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0.5-mg and 1-mg scored tablets/2-ml ampuls, 
2-mi, 4-mi and 10-mi vials (0.25 mg/ml} 


The next generation 
in loop diuretic therapy 








Bumex 


 bumetanide/Roche 


.. Q.5-mg and 1-mg scored tablets/2-ml ampuls, 2-ml, 
: 4-ml and 10-ml vials (0.25 mg/ml) 


REDUCES 
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on the failing heart 
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- Significantly improves hemodynamics — 
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Ten patients with CHF showed marked hemodynamic improvement after seven days of 
BUMEX* (bumetanide/Roche) (mean values + SE). Adapted from Olesen, ef ai. 
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BUMEX® (bumetanide/Roche) 
Before prescribing, please consult complete product information, a summary of which follows: 


.. WARNING: Bumex (bumetanide/Roche) is a potent diuretic Which, if given in excessive 
. amounts, can lead to a profound diuresis with water and electrolyte depletion. Therefore, 
. careful medical supervision is required, and dose and dosage schedule have to be adjusted 
. fo the individual patient's needs. (See under DOSAGE AND ADMINISTRATION in complete 
. product information.) 







INDICATIONS AND USAGE: Edemo associated with congestive heart failure, hepatic and renal 
Mors. including the nephrotic syndrome 
imost equal diuretic response occurs after oral and parenteral administration of Bumex. 

If impaired gastrointestinal absorption is Suspected or oral administration is not practical, Bumex 
Should be given by the intramuscular or intravenous route. 
Successful treatment with Bumex following instances of allergic reactions to furosemide suggests 
g lack of cross-sensitivity 
CONTRAINDICATIONS: Anuria. Hypersensitivity and in patients in hepatic coma or in states of 
severe electrolyte depletion. Although Bumex can be used to induce diuresis in renal insufficiency, 
any marked increase in blood urea nitrogen or creatinine, or the development of Oliguria during 
lerapy of patients with progressive renal disease, is an indication for discontinuation of treatment 
WARNINGS: Dose should be adjusted to patient's needs. Excessive doses or too frequent admin- 
istration can lead to profound water loss, electrolyte depletion, dehydration, reduction in blood 
volume and circulatory collapse with the possibility of vascular thrombosis and embolism, 
Eva in elderly patients. 

vention of hypokalemia requires particular attention in patients receiving digitalis and diuretics 
or congestive heart failure, hepatic cirrhosis and ascites, states of aldosterone excess with normal 
enal function, potassium-losing nephropathy, certain diarrheal states, or other states where 
1ypokalemia is thought to represent particular added risks to the patients. 
n patients with hepatic cirrhosis and ascites, sudden alterations of electrolyte balance may 
yecipitote hepatic encephalopathy and coma. Treatment in such patients is best initiated in the 
Yospital with small doses and careful monitoring of the patient's clinical status and electrolyte 
lance. Supplemental potassium and/or spironolactone may prevent hypokalemia and metabolic 
Ilkalosis in these patients. 
n. cats, dogs and guinea pigs, Bumex has been shown to produce ototoxicity Since Bumex is 
Ibout 40 to 60 times os potent as furosemide, it is anticipated that blood levels necessary to 
iroduce ototoxicity will rarely be achieved. The potential for ototoxicity increases with intravenous 
rerapy, especially at high doses. 
'atients allergic to sulfonamides may show hypersensitivity to Bumex. 

AUTIONS: Measure serum potassium periodically and add potassium supplements or 

otassium-sporing diuretics, if necessary Periodic determinations of other electrolytes are 
ed in patients treated with high doses or for prolonged periods, particularly in those on low 
alt diets. 
lyperuricemia may occur. Reversible elevations of the BUN and creatinine may occur, especially 
lith dehydration and in patients with renal insufficiency. Bumex may increase urinary calcium 
xcretion. 
Ossibility of effect on glucose metabolism exists. Periodic determinations of blood sugar should 
e done, particularly in patients with diabetes or suspected latent diabetes. 
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Patients should be observed regularly for possible occurrence of blood dyscrasias, liver damage 
or idiosyncratic reactions. 

Especially in presence of impaired renal function, use of parenterally administered Bumex should 
be avoided in patients to whom aminoglycoside antibiotics are also being given, except in life- 
threatening conditions. 

Drugs with nephrotoxic potential and bumetanide should not be administered simultaneously. 
Since lithium reduces renal clearance and adds a high risk of lithium toxicity, it should not be given 
with diuretics. 

Probenecid should not be administered concurrently with Bumex. 

Concurrent therapy with indomethacin not recommended. 

Bumex may potentiate the effects of antihypertensive drugs, necessitating reduction in dosage. 
Interaction studies in humans have shown no effect on digoxin blood levels. 

Interaction studies in humans have shown Bumex to have no effect on warfarin metabolism or on 
plasma prothrombin activity 

Pregnancy: Bumex should be given to a pregnant woman only if the potential benefit justifies the 
potential risk to the fetus. 

Bumetanide may be excreted in breast milk. 

Pediatric Use: Safety and effectiveness below age 18 not established. 

ADVERSE REACTIONS: Muscle cramps, dizziness, hypotension, headache and nausea, and 
encephalopathy (in patients with preexisting liver disease). 

Less frequent Clinical adverse reactions are weakness, impaired hearing, rash, pruritus, hives, 
electrocardiogram changes, abdominal pain, arthritic pain, musculoskeletal pain and vomiting. 
Other clinical adverse reactions are vertigo, chest pain, ear discomfort, fatigue, dehydration, 
Sweating, hyperventilation, dry mouth, upset stomach, renal failure, asterixis, itching, nipple 
tenderness, diarrhea, premature ejaculation and difficulty maintaining an erection. 

Laboratory abnormalities reported are hyperuricemia, azotemia, hyperglycemia, increased serum 
creatinine, hypochloremia, hypokalemia, hyponatremia, and variations in CO, content, bicar- 
bonate, phosphorus and calcium. Although manifestations of the pharmacologic action of 
Bumex, these conditions may become more pronounced by intensive therapy. 

Diuresis induced by Bumex may also rarely be accompanied by changes in LDH, total 
serum bilirubin, serum proteins, SGOT, SGPT, alkaline phosphatase, cholesterol, creati- 
nine clearance, deviations in hemoglobin, prothrombin time, hematocrit, platelet counts 
and differential counts. Increases in urinary glucose and urinary protein have also been - 


seen. 
DOSAGE AND ADMINISTRATION: 
Oral Administration: The usual total daily dosage is 0.5 to 2.0 mg and in most patients is 
iven as a single dose. 

renferal Administration: Administer to patients (IV or IM) with GI absorption problem or 
who cannot fake oral. The usual initial dose is 0.5 to 1 mg given over 1 to 2 minutes. If 
insufficient response, a second or third dose may be given at 2 to 3 hour intervals up to a 
maximum of 10 mg a day. 
HOW SUPPLIED: Tablets, 0.5 mg (light green) and 1 mg (yellow), bottles of 100 and 
900; Prescription Paks of 30; Tel-E-Dose® cartons of 100. Imprint on tablets: 0.5 mg— 
ROCHE BUMEX 0.5; 1 mg—ROCHE BUMEX 1. 
Ampuls, 2 ml, 0.25 mg/ml, boxes of ten. 
Vials, 2 ml, 4 ml and 10 ml, 0.25 mg/ml, boxes of ten. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley, New Jersey 07110 
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NOW WE'VE MADE IT EASY _ 


Ly 
n 





. Eu 
First We Made It Good P 
From the outset CardioSat programs have been produced under the direction of a distinguished +e 

national editorial board and have offered AMA Category | credit: Received with praise across North | 
America, CardioSat is a highly valued source of CME for many U.S. cardiologists Adi 


Now We've Made It Easy 

The CardioSat program series has converted to videotape distribution as the primary means of 1 
reaching specialists in the field. Pre-recorded, indexed tapes containing accredited programs are E 
mailed to our subscribers who then may truly watch them at their convenience. T. 


The tapes in our CardioSat series form a CME-accredited videotape journal, and subscribers receive: d 
« 24 half-hour programs on six tapes per year delivered bi-monthly 

e registration for 12 hours of CME Category | credit for the subscriber at no additional charge | 
e up to 12 additional tapes per year on subjects such as malpractice, medical accounting, A 
the use of computers in medicine, and additional specialty programming n: 
e a printed CardioSat yearly program index to facilitate reference to tapes and locations on D 
tapes of specific topics a 
information on quarterly CardioSat television programs bi 
the opportunity to critique programming and become involved in its development. D 


The New CardioSat: An Important Part of Your Future 


If vou decide to subscribe, you can do so during a 30-day introductory period for only $195. | 
That's just over $8 per accredited program and includes the special supplementary tapes and A 
other benefits listed previously. The regular subscription price is $295 per year. (If you already are 
a CardioSat CME-credit subscriber, you will receive a pro-rated refund.) 

Authoritative. Timely. And now, convenient. We think you'll agree that CardioSat continuing education 
programs deserve the reputation they've earned for quality. Now that we've made them easy to get, 
we also think you'll find them among the best of your CME alternatives. 





*The Johns Hopkins University School of Medicine designates this continuing medical education activity for 12 credit hours 
in Category ! of the physician's recognition award of the American Medical Association. The Johns Hopkins University 
School of Medicine is accredited by the Accreditation Council for Continuing Medical Education to sponsor continuing , 


medical education for physicians. 





| |] Please enter my first year's subscription to CardioSat " 
ade 





| the introductory rate of $195. Enclosed is my check m 


i 











= payable to CMESat. 
= wv A "| I'd like to sample the new CardioSat tapes. Please send — 
Continuin ! me a special four-program tape. Enclosed is my $25 Uu 
aes pid Education check made payable to CMESat. | understand that this Su 
in Cardiology $25 will be applied against my first year's subscription il 
when | subscribe. 3 

A program series of | 

= | | | Ve" VHS | | V2" Beta Il 4 
| NOTE: UPS cannot deliver to a post office box. 5 
JS 
444 Gulf of Mexico Drive | Name DU QUU rhv uu DRESS | 
Longboat Key, Florida 33548 JA 
oe 
1-800-237-6550 (toll free) | Address eee 
1-813-383-9514 (in FL, AK, HI) Eu 
| City State. . Zip. Las aa 





| Telephone ee ee E i 

















II DELIVERS... 


—the potassium your patient needs: 
slowly, gradually, dependably* 


ina wax matrix designed for gradual KCI dispersal 
through the GI tract, minimizing high.local concentrations 


—the right salt 


which provides potassium and the essential chloride ion 


—the right taste 
unlike liquids, there is no taste or aftertaste 
—the right price 


under 25¢ a day for the average patient 


Slow-K 


potassium chloride 
slow-release tablets 8 mEq (600 mg) 


20 million new and refill U.S. prescriptions since 1975 


“Capsule or tablet slow-release potassium chloride preparations should be 
reserved for patients who cannot tolerate, refuse to take or have compli- 
ance problems with liquid or effervescent potassium preparations, 
because of reports of intestinal and gastric ulceration and bleeding with 
slow-release KCI preparations. 
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.—.. SLOW-K* potassium chloride slow-release tablets _ Popeyes ag 

— Brief Summary of Prescribing Information | 

<- . DESCRIPTION | 

.. . Slow-K is a sugar-coated (not enteric-coated) tablet containing 600 mg potas- 

Sium chloride (equivalent to 8 mEq) in a wax matrix. This formulation is intended 

~ .. to provide a controlled release of potassium from the matrix to minimize the 

likelihood of producing high localized concentrations of potassium within the 

. gastrointestinal tract. 

INDICATIONS 

_ BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCERATION AND 
_ BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARATIONS, 

|»... THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 

_ CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EFFERVESCENT 

... POTASSIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE IS A 

_ PROBLEM OF COMPLIANCE WITH THESE PREPARATIONS. 

. . 1. For therapeutic use in patients with hypokalemia with or without metabolic 

.. alkalosis; in digitalis intoxication and in patients with hypokalemic familial 

... periodic paralysis. 

_ ... €. For prevention of potassium depletion when the dietary intake of potassium is 
... inadequate in the following conditions: Patients receiving digitalis and diuretics 

___ for congestive heart failure; hepatic cirrhosis with ascites: states of aldosterone 

— .. excess with normal renal function; potassium-losing nephropathy, and certain 

^ . diarrheal states. 

ia _ 3. The use of potassium salts in patients receiving diuretics for uncomplicated 

|. . essential hypertension is often unnecessary when such patients have a normal 

- . dietary pattern. Serum potassium should be checked periodically, however, and, 

|»... if hypokalemia occurs, dietary supplementation with potassium-containing 

_ foods may be adequate to control milder cases. In more severe cases supple- 

. . mentation with potassium salts may be indicated. 

^... CONTRAINDICATIONS 

ES n Potassium supplements are contraindicated in patients with hyperkalemia since 
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. a further increase in serum potassium concentration in such patients can pro- 
_ duce cardiac arrest. Hyperkalemia may complicate any of the following condi- 
. .. tions: chronic renal failure, systemio acidosis such as diabetic acidosis, acute 
_ dehydration, extensive tissue breakdown as in severe burns, adrenal insuffi- 
—... Ciency, or the administration of a potassium-sparing diuretic (eg. spironolactone, 
|. — triamterene). 
|... Wax-matrix potassium chloride preparations have produced esophageal ulcera- 
A. n in certain cardiac patients with esophageal compression due to an enlarged 
eft atrium. 
_All solid dosage forms of potassium supplements are contraindicated in any 
patient in whom there is cause for arrest or delay in tablet passage through the 
ING agi tract. In these instances, potassium supplementation should be 
-= with a liquid preparation. 
-WARNINGS 
ERA > ia: In patients with impaired mechanisms for excreting potassium, 
. the administration of potassium salts can produce hyperkalemia and cardiac 
: .. arrest. This occurs most commonly in patients given potassium by the intra- 
. venous route but may also occur in patients given potassium orally. Potentially 
fatal hyperkalemia can develop rapidly and be asymptomatic. 
. . The use of potassium salts in patients with chronic renal disease, or any other 
. condition which impairs potassium excretion, requires particularly careful 
monitoring of the serum potassium concentration and appropriate dosage 
adjustment. 
Interaction with Potassium-Sparing Diuretics: Hypokalemia should not be treated 
by the concomitant administration of potassium salts and a potassium-sparing 
diuretic (eg, spironolactone or triamterene), since the simultaneous administra- 
tion of these agents can produce severe hyperkalemia. 
Gastrointestinal lesions: Potassium chloride tablets have produced stenotic 
and/or ulcerative lesions of the small bowel and deaths. These lesions are 
caused by a high localized concentration of potassium ion in the region of a 
rapidly dissolving tablet, which injures the bowel wall and thereby produces 
- . obstruction, hemorrhage, or perforation. Slow-K is a wax-matrix tablet formulated 
-... fo provide a controlled rate of release of potassium chloride and thus to minimize 
5 Pa c depre of a high local concentration of potassium ion near the bowel wall. 
While the reported frequency of small-bowel lesions is much less with wax-matrix 
tablets (less than one per 100,000 patient-years) than with enteric-coated 
potassium chloride tablets (40-50 per 100,000 patient-years) cases associated 
` with wax-matrix tablets have been reported both in foreign countries and in the 
-... United States. In addition, perhaps because the wax-matrix preparations are not 
E enteric-coated and release potassium in the stomach, there have been reports of 
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. Upper gastrointestinal bleeding associated with these products. The total num- 
= ber of ones lesions remains approximately one per 100,000 patient- 
-... years. Slow-K should be discontinued immediately and the possibility of bowel 
-Obstruction or perforation considered if severe vomiting, abdominal pain, disten- 
- — tion, or po bleeding occurs. 
P. | acidosis: Hypokalemia in patients with metabolic acidosis should be 
—. treated with an alkalinizing potassium salt such as potassium bicarbonate, 
|... potassium citrate, or potassium acetate. 
_ PRECAUTIONS 
. The diagnosis of potassium depletion is ordinarily made by demonstrating 
. hypokalemia in a patient with a clinical history suggesting some cause for potas- 
- . sium depletion. In interpreting the serum potassium level, the physician should 
-~ bear in mind that acute alkalosis per se can produce hypokalemia in the absence 











—. ADVERSE REACTIONS 
- .. The most common adverse reactions to oral potassium salts are nausea, vomit- 
-.. ing. abdominal discomfort, and diarrhea. These symptoms are due to irritation of 
- the gastrointestinal tract and are best managed Er diluting the preparation 
- further, taking the dose with meals, or reducing the dose. 
ji - One of the most severe adverse effects is hyperkalemia (see Contraindications, 
. Warnings and Overdosage). There also have been reports of upper and lower 
| NM aed conditions including obstruction, bleeding, ulceration and per- 
ation (see Contraindications and Warnings); other factors known to be associ- 
_ ated with such conditions were present in many of these patients. Skin rash has 
. .. been reported rarely. 
d GE AND ADMINISTRATION 
. The usual dietary intake of potassium by the deo adult is 40 to 80 mEq per 
day. Potassium depletion sufficient to cause hypokalemia usually requires the 
-. loss of 200 or more mEq of potassium from the total body store. Dosage must be 
adjusted to the individual needs of each patient but is yee in the range of 
20 mEq per day for the prevention of hypokalemia to 40-100 mEq per day or more 
for the treatment of potassium depletion. 
Note: Slow-K slow-release tablets must be swallowed whole and never crushed 
or chewed. C82-58 (Rev 1/83) 


Consult complete product literature before prescribing. 
Dist. by: 

. CIBA Pharmaceutical Company 
Division of CIBA-GEIGY Corporation 


4 


bcne XE 


X 


ie DER. "LT 


128-7893-A — 


J dla A ehe Eee Lei A AME OR 


Ms DUREE Gr =; 
N Ans SUA NERAN RA on 


UNUMERCU-A Op» - - E "Ao. IE Mn 
shield Ma Pics aig ier pea UMS 
| uL o a E EP 
+ T A M £ 


| * T N 
he 7 n R i NOMEN, ; 


rd 


ij 


^ 


5 


y or’ 
m 


WT ms 


m 
sio Dan ow 





Esci Leyden n 
UE. is 


£ 
, 





2 iex Ls "- EG 6€ boy lam 
[7225 € nai? 
e 


E Y i 
ue è 


d ol i BEN 
Tre - 


i" 





CARDIOLOGIST NEEDED: Board certified/eligible cardiologists 
with invasive and noninvasive training needed in multispecialty HMO 
expanding into Stockton and South Sacramento. University of Cali- 
fornia, Davis affiliation. Must have California license. Send curricu- 
lum vitae to Robert Midgley, Jr., M.D., The Permanente Medical 
Group, Inc., 6600 Bruceville Road, Sacramento, California 95825. 
An Equal Opportunity Employer. 









HELP EVALUATE NEW DRUGS 


Physicians are needed to evaluate proposals for clinical testing of new 
drugs and to participate in benefit/risk decisions regarding marketing 
of new drugs. Specific openings currently exist for physicians special- 
izing in: Internal Medicine, Cardiology and Psychiatry. Continuing em- 
ployment needs exist for employment of physicians in a wide range of 
other areas of specialization, such as: Gastroenterology, Nephrology, 
Neurology, Endocrinology, Infectious Disease, Dermatology, Ophthal- 
mology, Oncology, Nuclear Medicine, Rheumatology, Pulmonary Medi- 
cine, Allergy, and Anesthesiology. These are full-time civil service po- 
sitions at the headquarters of the Food and Drug Administration, 
located in Rockville, Maryland, a suburb of Washington, D.C. 

The ability to make sound medical judgments, to write and to speak 
effectively, and to organize work to meet deadlines is critical. While 
the positions have no direct patient care or research duties, opportuni- 
ties exist during the normal work week for pursuing further training and 
participation in professional activities and research. The jobs are in 
grade range (GS-14 and GS-15) and pay $50,822 to $66,400 per year 
plus a bonus of $3,000 to $10,000 per year (depending upon exper- 
ience and qualifications). Fringe benefits are considerable. 

Minimum requirements: Medical degree (Doctor of Medicine or Doc- 
tor of Osteopathy), plus board eligibility or equivalent experience in 
clinical pharmacology or drug research in a specialty indicated above. 
U.S. Office of Personnel Management regulations govern acceptability 
of degree source. Full details are available upon request. Send resume 
or curriculum vitae to: 


Food and Drug Administration 
Division of Personnel Management, Room 4B-26 
5600 Fishers Lane, Rockville, MD 20857 
Attention: Mr. Jack Underdonk 


An Equal Opportunity Employer. 
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FROM THE EDITOR 
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The Silver Anniversary of Cardiac Valve Replacement 


The year was 1960. Forty-three-year-old John Fitzgerald 
Kennedy was elected president of the USA; 16-year-old 
Bobby Fischer successfully defended his US chess 
championship; To Kill a Mockingbird by Harper Lee and 
The Rise and Fall of the Third Reich by William Shirer were 
published; birth control pills were made available to the 
public; Polaris missiles were successfully fired from a 
submerged atomic submarine; the International System 
of Units (SI), based on the metric system, was adopted as 
the worldwide standard at a General Conference on 
Weights and Measures; Theodore Maiman, physicist, de- 
veloped the first LASER (Light Amplification by Stimulated 
Emission of Radiation), and successful, i.e., prolonged 
survival, cardiac valve replacement occurred. When the 
annals of cardiology are written, 1960 will be remembered 
as the time that cardiac valve replacement became a 
predictably successful reality. Since 1960, over 1 million 
dysfunctioning native cardiac valves have been replaced 
with a mechanical prosthesis or a bioprosthesis (tissue 
valve). If lasers prove successful for coronary artery dis- 
ease, 1960 will acquire additional importance for cardi- 
ology. 

Dwight Harken was the first to use a mechanical pros- 
thesis successfully in the natural anatomic cardiac valve 
position. Charles Hufnagel in October 1952 had used a 
caged-ball prosthesis in the descending thoracic aorta for 
severe aortic regurgitation but the insertion in this position 
of course only partially decreased the amount of regurgi- 
tant flow during ventricular diastole. ' It was obvious that 
the prosthesis had to be inserted proximal to the coronary 
arterial ostia to completely relieve the regurgitant flow and 
to have any effect in patients with aortic valve stenosis. 
The lucite ball used initially by Hufnagel was eventually 
changed by him to a hollow nylon core covered by silicone 
rubber so that it would be less noisy and also so that it 
would be isobaric with blood. Hufnagel gave Harken sev- 
eral of his hollow-nylon-silicone-rubber-covered poppets 
and Harken used them in his stainless steel double-caged 
prosthesis. Later, he used solid silicone rubber poppets. 
The outer cage prevented the poppet from touching the 
wall of aorta in its excursion. Harken’s first aortic valve 
replacement using the caged-ball prosthesis with an lva- 
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lon? aorta-widening gusset extending cephalad from the 
prosthetic attachment ring was unsuccessful.? His second 
patient, a 32-year-old woman who had had a previous 
transaortic valvuloplasty, underwent successful aortic. 
valve replacement on March 10, 1960. Harken was nearly 
50 years old at the time. The patient later developed sig- 

nificant peribasilar prosthetic regurgitation and the pros- . 
thesis was replaced in 1963. This patient is still alive in 
1985. Harken had 2 survivors among his first 7 patients ' 
having aortic valve replacement with his caged-ball 

prosthesis.? The second successful operation was per- 

formed on June 7, 1960. This patient developed prosthetic 
endocarditis 23 years later, the prosthesis was replaced, 
and this patient is still alive in 1985. Thus, the initial 

prosthesis was in place for 23 years, the longest any 
prosthetic valve had been in place, and the poppet at re- 
operation “looked good." Neither of Harken’s first 2 suc- 
cessful human aortic-valve-replacement patients ever 
received anticoagulants and neither apparently has had 
embolic complications. 

The first successful mitral valve replacement was 
performed by Albert Starr in September 1960.* Although 
successful aortic valve replacement had never been ac- 
complished in nonhuman animals before Harken’s success 
in patients, Starr had successfully used a caged-ball 
prosthesis in dogs for mitral valve replacement before his 
attempt in humans. Indeed, he had canine survivors of 
mitral valve replacement with caged-ball prostheses for 
many months before he attempted, at the encouragement 
of his cardiologist colleague, Herbert Griswald, mitral valve 





Dwight Harken (left) and Albert Starr (right) about the time of their firs 
successful cardiac valve replacement. 








- placement with a fully engineered caged-ball prosthesis 
| was in a 33-year-old woman who had an air embolus at 
Miraton and she died 10 hours later. The second patient 
_in whom 34-year-old Albert Starr performed mitral valve 
_ replacement was a 52-year-old truck dispatcher, who also 
received a caged-ball prosthesis, and he lived for 15 years 
_ thereafter. After Starr presented his results of mitral valve 
replacement in March 1961 before the American Surgical 
- Association, Michael E. DeBakey? commented as follows: 
- “I must say that this paper persuades me to reevaluate my 
attitude toward ball valves. | have been somewhat preju- 
- diced against them because of my very early experience 
with their use in changing the directional flow in blood 
| pumps. Our most recent experience with the use of such 
ball valves, as in the Hufnagel valve in aortic insufficiency, 
- also tended to make me somewhat prejudiced . . . None- 
theless, it seems to me that this is very impressive work 
on the part of Drs. Starr and Edwards . . ."' 
1 - Shortly after that surgical meeting, Starr visited Boston 
_and observed Harken insert his double caged-ball pros- 
th Sis into the aortic valve position in a patient. At the time 
Starr became convinced that his fully engineered, single 
“unit, caged-ball prosthesis, which he had used in the mitral 
position, also could be adapted to the aortic valve position. 
Thus, he and his engineering associate, Lowell M. Ed- 
wards,” also developed a factory-complete, caged-ball 
prosthesis for use in the aortic valve position and Starr later 
successfully used it for aortic valve replacement. 
During the past 25 years Starr has continued to use the 
caged-ball prosthesis (Starr-Edwards) as his first choice 
among mechanical prosthetic valves. Harken, in contrast, 
later considered the caged-ball type to be far less desirable 
than some tilting disc prostheses. 
| Although other varieties of caged-ball prostheses 
(Magovern, Smeloff-Cutter, Braunwald-Cutter and De- 
Bakey) followed the Harken and Starr-Edwards models, all 
but the Starr-Edwards type were discontinued. The Starr- 
Edwards caged-ball prosthesis underwent several changes 
before returning to an early model. The early processing 
procedures for the silicone rubber poppets proved to be 
poor and as a consequence many of the silastic poppets 
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-..* Mr. Edwards at the time was a retired electrical engineer. During 
World War II he had designed a special airplane fuel pump that greatly 
contributed to the war effort. This pump handled mixtures of fuel in liquid 
and vapor phases. After retirement, as head of his own development 
company, he desired to continue to apply his knowledge by any con- 
tribution he might make to medicine. In 1958, he began working with 
Dr. Starr. Mr. Edwards, using his own laboratory facilities, was able to 
fabricate rapidly many prototype mitral valves for Dr. Starr to insert in 
experimental animals. Together, Edwards and Starr progressed through 
Teflon,® Lucite,® and silicone leaflet and ball-valve designs, and finally 
settled on a Teflon-rimmed stainless steel cage enclosing a silicone 
rubber ball.® 
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replacement in a human patient. His first mitrabvalve re- 
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nserted before 1967 swelled by adsorbing lipids and some 
impacted in the cage; or they shrank or cracked and some 
dislodged from the cage. Although there have been some 
surface abrasion injuries, some to an extent that has al- 
lowed expulsion of the poppet from the cage, degeneration. 
(variance) of the silicone rubber poppet of the fatty infil- 
tration type has not been reported since the processing 
of the silicone was finally standardized in 1966. The use 
of cloth on the metallic struts as a means to decrease 
prosthetic thrombus in the Starr-Edwards model proved 
not to be an improvement. The hollow, metallic poppet, 
introduced almost simultaneously with the cloth covering 
of the metallic struts, caused disruption of the cloth on both 
base and stents, and this poppet and the cloth covering on 
the stents and the metallic studs on the metallic base have 
all been discontinued. Thus, a full circle has occurred with 
the caged ball. The only one presently manufactured in the 
USA is the model introduced in late 1965 and it consists 
of a silicone rubber poppet and non-cloth-covered stents 
and base (M 6120 in the mitral valve position and A 1260 
in the aortic valve position). 

Other prosthetic cardiac valves followed the caged ball. 
The first was a nontilting caged disc (1965), which was 
utilized by most surgeons only in the atrioventricular valve 
positions.^? This prosthesis proved to be highly throm- 
bogenic and obstructive and its use has virtually disap- 
peared. The next development was the tilting disc and the 
Bjork-Shiley prosthesis proved to be highly effective.9- 1! 
And, in the late 1970s, another tilting disc appeared, this 
one with a bileaflet configuration, the St. Jude Medical 
Prosthesis; it is the least obstructive and the least dam- 
aging to blood elements of any of the prosthetic valves. 12 

Tissue values, of course, also have been used as re- 
placements for dysfunctioning native aortic valves. Aortic 
valve homografts were first used for aortic valve re- 
placement in the early 1960s. !?-!5 The initial results were 
gratifying: The valve lesions were usually ameliorated and 
anticoagulant therapy was not required. The problem 
proved to be accelerated wear with development of aortic 
regurgitation.'®-'? Other tissue valves followed, namely 
fascia lata, dura mater, parietal pericardium (human and 
bovine) and porcine aortic valve. The fascia lata and dura 
mater valves rapidly proved to be poor valve substitutes 
because they became stiff and relatively immobile. The 
porcine xenograft and bovine parietal pericardial valves 
preserved in glutaraldehyde and attached to a semiflexible 
stent proved to be effective.?? (The porcine bioprosthesis 
failed quickly when preserved in formalin.?) 

| have examined at necropsy well over 1,000 hearts 
containing 1 or more prosthetic or bioprosthetic cardiac 
valves.??-^' From my vantage point some views on cardiac 
valve replacement have been acquired and some of them 
are discussed in the remainder of this piece. 
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1. Perform cardiac valve replacment only when ab- 
solutely necessary. When | was a student in Emory medical 
school, the chief of surgery, J. D. Martin, often stated: 
“Never remove someone’s stomach unless it is absolutely 
mecessary.'' Certainly the same can be said of a cardiac 
valve. Except possibly in patients with severe, usually pure, 
aortic regurgitation, cardiac valve replacement should be 
reserved for patients with clear-cut evidence of significant 
cardiac dysfunction (functional class Ill or IV, New York 
Heart Association classification). Cardiac valvular oper- 
ations that preserve the native valve, in my view, should 
be performed more often. Mitral valvuloplasty (commis- 
surotomy) now is too often displaced in favor of mitral valve 
replacement,^9.^9 and mitral and tricuspid valve reparative 
operations for pure regurgitation probably are too often 
displaced by valve replacement. Tricuspid valve re- 
placement for pure tricuspid regurgitation secondary to 
mitral valve disease usually can be avoided. The tricuspid 
valve position simply is not ideal for either a mechanical 
prosthesis as a bioprosthesis. 

2. If anticoagulants are going to be administered 
chronically postoperatively (because of ''chronic atrial 
fibrillation or a huge left atrial cavity"), a mechanical 
prosthesis, not a bioprosthesis, should be used for valve 
replacement. The only advantage of a bioprosthesis is that 
use of this type of substitute cardiac valve does not require 
the use of anticoagulants. If anticoagulants are going to 
be used chronically postoperatively, use of a bioprosthesis 
cannot be justified. 

3. In patients having double- or triple-valve replace- 
ment, either mechanical prostheses or bioprostheses, not 
both, should be used in all native valve positions. Utilizing 
a mechanical prosthesis in one valve position and a 
bioprosthesis in another is illogical because anticoagulants 
will be required because of the mechanical prosthesis. All 
bioprostheses will wear out if the patients survive long 
enough, and presently available mechanical valves are far 
more resistant to wear. Thus, because anticoagulants will 
have to be given if one of the native valves is replaced by 
a prosthesis, all valves replaced should be replaced by a 
mechanical prosthesis, or bioprostheses should be used 
for all native valves replaced. 

4. Bioprostheses should never be used in patients 
younger than age 20 years and, if possible, not in patients 
younger than age 30 years.?' Because not all patients can 
take anticoagulants, bioprosthetic (tissue) cardiac valves 
must be available, but except in older persons or in women 
wanting pregnancy or in vigorous outdoor persons in whom 
chronic anticoagulation might have excessively dangerous 
consequences, bioprostheses should be second-line rather 
than first-line cardiac valve substitutes. Persons having 
third or fourth valve replacements need mechanical 
prostheses, not bioprostheses, because each operation is 
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more dangerous than the preceding one, and biopros- 
theses wear out. 

5. It is better to err on the side of using smaller-sized — 
prostheses rather than larger-sized prostheses. After | 
deciding which type of prosthesis or bioprosthesis to utilize - 
in a particular patient, the next most important decision - 
is which size of prosthesis or bioprosthesis to use.?^ Al- 
though the sizing is generally not done until cardiotomy or 
aortotomy has been performed, the size of a substitute - 
valve chosen should take into consideration the lean 
weight of the patient and the type of hemodynamic valvular 
lesion present and, in my view, roughly decided on before - 
the patient and the surgeon enter the operating room. - 
Volume lesions, of course, if chronic, dilate the ventricular 
cavity and usually the ascending aorta, and consequently - 
larger-sized prostheses can usually be used. Pressure 
lesions, in contrast, mitral stenosis or aortic stenosis, or 
both, may not be associated with left ventricular dilatation 
and, consequently, a smaller-sized prosthesis or biopros- 
thesis will be required for the mitral position. Although the - 
aortic root is usually dilated in chronic, isolated aortic 
stenosis and/or isolated regurgitation, when combined with 
chronic mitral valve stenosis or regurgitation, the aortic - 
root is usually not dilated irrespective of whether the aortic” 
valve is stenotic or purely regurgitant. Thus, in patients with 
combined mitral and aortic valve stenosis, or combined 
mitral and aortic regurgitation or mixed lesions, a 
smaller-sized prosthesis or bioprosthesis usually is pre- 
ferred in the aortic valve position. 

6. Refrain from doing mitral valve replacement in the 
presence of massive mitral anular calcium. 

7. Use interrupted sutures only for insertion of either 
prosthetic or bioprosthetic cardiac valves. A single break 
of a continuous suture, despite 4 or 8 interrupted sutures, 
can produce massive regurgitation. 

8. Operative preciseness is far more important during 
insertion of tilting disc prostheses than during insertion of 
caged-ball prostheses. A single suture may cause irre- 
versible interference to closure of an occluder of a disc 
valve but may have no effect with a caged-ball prosthe- 
sis.38 Careful orientation is far more important with tilt- 
ing-disc prostheses than with caged-ball ones. The margin 
of error, in other words, is less with tilting-disc prostheses 
compared to caged-ball prostheses or bioprostheses. 

9. Predictably successful cardiac valve replacement 
can be achieved most often by surgeons who frequently 
perform cardiac valve replacement. Although over 50% 
of prosthetic and bioprosthetic cardiac valves are supplied 
to surgeons who order relatively few substitute valves, 
predictably successful cardiac valve replacement cannot 
be obtained by an operator who only occasionally performs 
cardiac valve replacement. Predictable success requires 
a good prosthesis or bioprosthesis, a properly-sized 
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ji CME Test 427 


Differentiation Between Acute and Healed Myocardial 
Infarction by Signal Averaging and Color Encoding 
Two-Dimensional Echocardiography * 


The University of Alabama School of Medicine designates this continuing medical education activity for 1 credit hour in Category 
1 of the Physician's Recognition Award of the American Medical Association. Answers are to be marked on the instruction sheet 
on page A 106. 
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. In this study, the acute myocardial infarction (MI) group 
consisted of 10 patients who underwent 2-dimensional 
(2-D) echocardiography within: 

8) 4 hours of acute MI 

b) 48 hours of acute MI 

C) 4 weeks of acute MI 

d) 8 weeks of acute MI 


. In this study, the healed MI group consisted of 10 patients 
who underwent 2-D echocardiography more than: 

a) 4 days after acute MI 

b) 48 hours after acute MI 

C) 4 weeks after acute MI 

d) 4 months after acute MI 


. Between the area of new MI and adjacent normal muscle, 
subjective assessment of 2-D echocardiograms showed: 
a) no difference in color 

b) significant difference in color 

C) opaqueness in the areas of new MI 

d) opaqueness in the area of normal muscle 


. The unprocessed image showed a suggestion of in- 
creased tissue density in healed MI areas of: 

a) no patients in 10 

b) 10 patients in 10 

C) 3 patients in 10 

d) 7 patients in 10 


. The pixel intensities between areas of infarcted muscle 
and normal muscle showed: 

a) no overlap 

b) 1 cm overlap area 

C) 1.5 cm overlap area 

d) none of the above 


. Compared with values in control regions within 1 hour 


after coronary occlusion, Mimbs et al observed integrated 
back-scatter: 

a) decreased by 5096 

b) increased by 5096 

c) increased by 200% 

d) increased by 30096 


. Factors responsible for alteration of ultrasonic properties 


in acute MI include: 

a) histologic changes 

b) interstitial and intracellular edema 
c) decreased collagen 

d) potassium deficiency 


. According to Mimbs et al, in the late phase of MI, an 


important cause of increased back-scatter was: 
a) decreased collagen 

b) decreased cardiac fluid 

c) increased cardiac fluid 

d) increased collagen 


. In closed-chest dogs, 2 days after acute coronary occlu- 


sion: 

a) increased collagen was shown 

b) a difference in gray level distribution was shown 
C) decreased cardiac fluid content appeared 

d) pixel intensity increased 


. An increase in echo density in healed MI has: 


a) not been demonstrated 

b) been correlated with decreased collagen 
C) been correlated with myocardial fibrosis 
d) been correlated with interstitial edema 





*This article appears on page 381 of this issue. 
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A Radiation Protective Shield 


Interventional Radiology 


“Provides protection from patient scatter during 
lengthy fluoroscopic procedures without interfering 
with the performance of the examination” 
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employees performing the procedure, while of horizontal travel 
allowing total freedom of movement around Also available for “C” and “U” - 
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The American Journal of Cardiology does more than just 









treatment. Now it puts them on videotape. And the intro- 
ductory videocassette is yours. Free. 

Hosted by Editor-in-Chief William C. Roberts, MD, AJC 
Video Report will feature lively, highly-visualized discus- 
sions with noted cardiovascular specialists and authors of 


_ the most important articles appearing each month in The 
~ American Journal of Cardiology. And it will extend the 


utility of the articles by exploring their application in clinical 


. practice. 


The introductory, 45-minute videocassette will feature 
special guest Donald C. Harrison, MD, and guest authors 


.. discussing three important topics: 


[C] Analysis of spontaneous variability of ventricular 
arrhythmias: consecutive ambulatory ECG recordings 
of 110 patients with ventricular tachycardia; 

LJ Doppler diagnosis of valvular aortic stenosis in patients 
over 60 years of age; and 

|_| Routine preoperative exercise testing in patients 
undergoing major non-cardiac surgery. 


AJC Video Report is planned to be produced on a regular 


basis starting this Fall. 
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To order your free, introductory videocassette, just 
complete this coupon and send it to: Joyce Sturges, AJC 
Video Report, The Yorke Medical Group, 875 Third Avenue, 
New York, N.Y. 10022. Or call (212) 605-9549. Limited 
quantity available, so act now. c2s 
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Address 
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State/Zip 

Medical specialty 
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Director 
Department of Medicine 
Saint Luke's Hospital 
Cleveland, Ohio 





Saint Luke's Hospital is a 474 bed tertiary teaching hospital affiliated with Case Western 


Reserve School of Medicine. 


The Department Director will be responsible for the development of new clinical programs 
including the recruitment of required physicians, management of the various departmental 
divisions and the residency teaching program. 


Candidates will be Board Certified and have a minimum of five years’ demonstrated 
experience in administration and teaching. 


The hospital offers excellent benefits, competitive salary, research opportunities and private 


practice is welcomed. 


Curriculum Vitae is to be submitted to: 


Michael T. Gyves, MD 
Chairman of Search Committee 
Saint Luke's Hospital 
11311 Shaker Boulevard 
Cleveland, Ohio 44104 


An Equal Opportunity Employer M/F/H 
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Calan plus nitrates: 


are not enough 


Add Calan 
(verapamil HCI) 


TABLETS 


80 mg and 120 mg 








Unique hemodynamic benefits 


Ex 


| 9 increased myocardial oxygen supply— 
_ prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 


resistance (afterload) 





. € reduced myocardial oxygen demand due to 
—a reduction in peripheral vascular 


—a decrease in venous return (preload) 
—a modest decrease in contractility 


. "|t makes sense to treat those patients [with 
. chronic stable angina]... [with] an agent 
that has a beneficial effect on both oxygen 
demand and supply, rather than a beta 


blocker which attacks just one side of 


that ratio. 





Calan plus nitrates: 


Efficacy for all types 
of angina 


.a combination of rate-lowering vasodilator 
Eoi .) and long-acting nitrates .. 
efficacious i in patients with variant angina, angina 
- of effort, and unstable angina at rest. 
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Calan safety: ; 
Favorable side-effects profile : 


With Calan, side effects such - 
as fatigue, mental depression, — 
impotence or bradycardia (heart 
rate less than 50 beats/min) 
seldom occur. 


Pine dr 


In one study involving 63 
patients “verapamil therapy was 
not discontinued in any patient 
because of the development of 
adverse reactions." 


Calan =s. 


TE 


(verapamil HCl) 


References: 


1. Hillis, D., in Hillis, D. (Moderator); Frishman, W.; Leon, M.; Packer, M.; Robertson, R. M.; Subramanian, B., and Winniford, M. (Discussants): The Expanding Role of Calcium 

Channel Blockers, 1984. 2. Subramanian, B., and others: Long-Term Antianginal Action of Verapamil Assessed with Quantitated Serial Treadmill Stress Testing, Am. J. Cardiol. 

48: 529-535 (Sept.) 1981. 3. Subramanian, B.: Long-Term Therapy of Angina with Calcium Antagonists, Cardiovasc. Rev. Rep. 4:493-497 (April) 1983. 4. Leon, M.B.: Combination Therapy 

Using Calcium-Channel Blockers and Beta Blockers in Patients with Chronic Stable Angina Pectoris, Cardiovasc. Rev. Rep. 4:171-177 (Feb.) 1983. 5. Subramanian, V. B., and others: Rationale 
for the Choice of Calcium Antagonists in Chronic Stable Angina: An Objective Double-Blind Placebo-Controlled Comparison of Nifedipine and Verapamil, Am. J. Cardiol. 50: 1173-1179 (Nov.) 
1982. 6. Weiner, D. A., and others: Efficacy and Safety of Verapamil in Patients With Angina Pectoris After 1 Year of Continuous, High-Dose Therapy, Am. J. Cardiol. 57:1251-1255 (May 1) 1983. 
7. Frishman, W. H., and others: Superiority of Verapamil to Propranolol in Stable Angina Pectoris: A Double-blind, Randomized Crossover Trial, Circulation 65 (Suppl. 1):51-59 (Jan) 1982. 

8. Scheidt, S., and others: Long-Term Effectiveness of Verapamil in Stable and Unstable Angina Pectoris: One-Year Follow-Up of Patients Treated in Placebo-Controlled Double-Blind 
Randomized Clinical Trials, Am. J. Cardiol. 50:1185-1190 (Nov.) 1982. 9. Bowles, M. J., and others: Double-blind Randomized Crossover Trial of Verapamil and Propranolol in Chronic Stable 


Angina, Am. Heart J. 106:1297-1306 (Dec.) 1983. 10. Product Labeling. 
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! € atraindications: Severe left ventricular dysfunction 
(Kd ee Wars hypotension (systolic pressure 90 mm 
- Hg) or cardiogenic shock, sick sinus syndrome (if no 
pé emaler is present), 2nd- or 3rd-degree AV block. 
Ww : Verapamil should be avoided in patients with 
ore ‘left ventricular dysfunction (eg, ejection frac- 
tion ion <30%) or moderate to severe symptoms of cardiac 
- failure. Control milder heart failure with optimum digital- 
ization and/or diuretics before Calan is used. Calan may 
(m cC asionally produce hypotension, usually asymptomat- 
c, orthostatic, mild, and controlled by decrease in Calan 
d ose. Elevations of liver enzymes have been reported. 
-Fo ur cases have been demonstrated to be produced by 
verapamil. Periodic monitoring of liver function in pa- 
z ‘tie ts on verapamil is prudent. Patients with atrial flut- 
b te er/fibrilation and an accessory AV pathway (eg, WPW 
r LGL syndromes) may develop a very rapid ventricular 
esp onse after receiving verapamil (or digitalis). Treat- 
wr nt is usually D.C.-cardioversion. AV block may occur 
: a d-degree, 0.896). Development of marked 1st-degree 
ck or progression to 2nd- or 3rd-degree block re- 
< et reduction in dosage or, rarely, discontinuation and 
4 itution of appropriate therapy. Sinus bradycardia, 2nd- 
je gree AV block, sinus arrest, pulmonary edema and/or 
S ere hypotension were seen in some critically ill pa- 
ts with hypertrophic cardiomyopathy who were 
trei merit verapamil. 
recautions: Verapamil should be given cautiously to 
patient ni swith impaired hepatic function (in severe dys- 
hr nction use about 30% of the normal dose) or impaired 
nal function, and patients should be monitored for ab- 
“no ma | prolongation of the PR interval or other signs of 
overdosage. Studies in a small number of patients sug- 
hat concomitant use of Calan and beta-blockers 
e beneficial in patients with chronic stable angina. 
ined therapy can also have adverse effects on car- 
function. Therefore, until further studies are com- 
ed, verapamil should be used alone if possible. If 
ol bined therapy is used, patients should be monitored 
osel! y. Combined therapy with verapamil and propran- 
olol should usually be avoided in patients with AV con- 
x abnormalities and/or depressed left ventricular 
tion or in patients who have also recently received 
Bidons. Chronic verapamil treatment increases se- 
doon levels by 50% to 70% during the first week 
0 ston which can result in digitalis toxicity. The di- 
goxi in dose should be reduced when verapamil is given, 
E | the patient carefully monitored. Verapamil may have 
an additive hypotensive effect in patients receiving blood- 
pressure-lowering agents. Disopyramide should not be 
- given within 48 hours before or 24 hours after verapamil 
adm ministration. Until further data are obtained, com- 
ed verapamil and quinidine therapy in patients with 
ypertrophic cardiomyopathy should probably be avoid- 
ed, since signifi icant hypotension may result. Adequate 
an T al carcinogenicity studies have not been performed. 
One study in rats did not suggest a tumorigenic poten- 
ti t lind verapamil was not mutagenic in the Ames test. 
jnancy Category C. There are no adequate and well- 
C rolled studies in pregnant women. This drug should 
 beused during pregnancy, labor, and delivery only if clearly 
da sed ded. It is not known whether verapamil is excreted in 
st milk; therefore, nursing should be discontinued 
duri g verapamil use. 
h Ac ud rse Reactions: Hypotension (2.9%), peripheral 
ader a (1 7%), AV block: 3rd-degree (0.8%), bradycar- 
dia HR<50/min 11%), CHF or pulmonary edema (0.9%), 
$ " ess (3.696), headache (1.896), fatigue (1.196), con- 
ion (6.3%), nausea (1.6%); elevations of liver en- 
Ti mes have been reported (see Warnings). The follow- 
ir g reactions, reported in less than 0.596 of patients, 
curred under circumstances where a causal relation- 

























ship is not certain: confusion, paresthesia, insomnia, 
‘somnolence, equilibrium disorders, blurred vision, syn- 
sop », muscle cramps, shakiness, claudication, hair loss, 
mu eruptions, spotty menstruation, ecchymosis, 
ising, gynecomastia, and psychotic symptoms. Over- 
al Il continuation rate was 94.5% in 1,166 patients. 

c i Revised 9/84 + 4W63V 
‘Ada ess medical inquiries to: 

G.D. . Searle & Co. 

Wy ledical Communications Department 

Bo x 5110, Chicago, IL 60680 
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: . Jay S. Skyler, M.D., 
v University of Miami School of Medicine 
a A 
V M 2 E George F. Cahill, Jr., M.D., 
RED Ps Harvard Medical School and 
I4 Xon Howard Hughes Medical Institute 
is 


60 internationally prominent contributors provide in 26 papers a comprehensive 
overview of the current thinking on the causes, mechanisms, treatment and com- 
plications of diabetes. 


Featured topics include: 


O The causes of diabetic inheritance 

O Immune factors of diabetes 

LJ Mechanisms of diabetes (The culmination of 50 years of research) 

O Autoimmunity 

LJ New understandings in the mechanisms of insulin dependent and non- 
dependent diabetes mellitus 

O New developments in the treatment of diabetes 

O Methods of monitoring blood glucose and the use of glycosylated 
hemoglobin 

O Pharmacology of oral hypoglycemics 

[] Use of insulin infusion devices 

O Human insulin produced by recombinant DNA technology 


If it 1s important to you in your practice to stay up-to-date on the latest develop- 
ments in Diabetes Mellitus and you need a quick reference on the topic, then this 
is the book for you. 


DIABETES MELLITUS 


edited by Jay S. Skyler, M.D., and George F. Cahill, Jr., M.D. 
1981, 234 pp., 0-914316-23-0, $35.00 
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Yorke Medical Books 
Box C-757, Brooklyn, New York 11205 


Please rush me: 
O ____m____ copys) of Diabetes Mellitus $35.00 (00023). 


O Enclosed is my check for.—— — .— — ^ ^. which includes $1.50 for handling. Yorke pays postage. 
C) Please bill me plus postage and handling. (U.S. and Canadian residents only.) 
C] Please bill my CJ VISA O MasterCard 


Card No. 
Exp.Date. — |  . A M^/CInterbank No. 
Signature 











ADDRESS 
CITY ————————————————— 
STATE ZIP 
Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, TX. All foreign orders 
must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Eiatendées 00 per book for all orders 
to be shipped outside the U.S. and Canada. - 
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Differentiation Between Acute and Healed Myocardial 
Infarction by Signal Averaging and Color Encoding j 
Two-Dimensional Echocardiography E 


Instructions: Mark the appropriate box with an “X.” i 
Test questions appear on page 507. ‘ $ 
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The most important 
and best read 


annual publication 
on cardiology. 





What is CARDIOLOGY 1984? 


[] The fourth in an annual series to be published in the 
summer each year — over 750 papers 


[] A review of the year's newest and most important 
developments in cardiology 


O A multidisciplinary approach to clinical and applied 
research based on an exhaustive search of the year's 
literature 

[] A unique, cohesive summary of the state-of-the-art, 
written, not edited, by those making outstanding 
developments in the field 

C A practical approach to a complicated and fast-moving 
subject designed to be read and used daily 

Cardiology 1984 provides in a concise and readable format 

and style fundamental and new information essential to 

understanding the current thinking on managing car- 
diovascular disease. It coordinates what's new with well 
established data, arming the reader with a perspective on the 

field which is simply unavailable elsewhere. Its liberal use of il- 

lustrations and tables condenses valuable information into 

instantly understandable knowledge. 


Who are the authors? 


_} William C. Roberts, MD Editor L Charles E. 
Rackley, MD O Dean T. Mason, MD |) James T. 
Willerson, MD O Thomas P. Graham, Jr, MD 

O Albert D. Pacifico, MD |.) Robert B. Karp, MD 


These seven leaders in their respective fields of cardiology 
have reviewed the year's literature in their own areas and have 
worked together coordinating their individual efforts into a 
cohesive whole. 

ISBN 0-914316-42-7, 512 pages,117 illus., June'84 
ISSN 0275-0066 $49.50 
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ll Yorke Medical Books AJCIS i 
Box C-757, Brooklyn, NY 11205 


copy(s) of Cardiology 1984 (00039) 





jl Please send me 


$49.50 ' 

l O Enclosed is my check for which includes $1.50 8 

handling. Yorke pays postage. P 

C Please bill my O VISA O MasterCard 3 

Card no. 5 

T Slanatune c a a unte * 
O Please bill me plus postage and $1.50 handling (U.S. and 

Canadian orders only) É 

l Name 6 

|| Address d 
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i Subscribers in the following states please include applicable sales tax: CA, CT, GA, 

3 IL, MA, MI, NY. OH, PA, TX. All foreign orders must be prepaid in U.S. funds with a i 
check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per 

i book for all orders to be shipped outside the U.S. and Canada. 
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Catapres* 


(clonidine hydrochloride) 
Tablets of 0.1, 0.2, 0.3 mg 


Indication: The drug is indicated in the treatment of hypertension. As an anti- 
hypertensive drug, Catapres (clonidine hydrochloride) is mild to moderate in po- 
tency. It may be employed in a general treatment program with a diuretic and/or 
other antihypertensive agents as needed for proper patient response. 


Warnings: Tolerance may develop in some patients necessitating a reevalua- 
tion of therapy. 

Usage in Pregnancy: In view of embryotoxic findings in animals, and since 
information on possible adverse effects in pregnant women is limited to uncon- 
trolled clinical data, the drug is not recommended in women who are or may 
become pregnant unless the potential benefits outweigh the potential risk to 
mother and fetus. 

Usage in Children: No clinical experience is available with the use of Catapres 
(clonidine hydrochloride) in children. 


Precautions: When discontinuing Catapres (clonidine hydrochloride), reduce 
the dose gradually over 2 to 4 days to avoid a possible rapid rise in blood 
pressure and associated subjective symptoms such as nervousness, agitation, 
and headache. Patients should be instructed not to discontinue therapy without 
consulting their physician. Rare instances of hypertensive encephalopathy and 
death have been recorded after cessation of clonidine hydrochloride therapy. A 
causal relationship has not been established in these cases. It has been 
demonstrated that an excessive rise in blood pressure, should it occur, can be 
reversed by resumption of clonidine hydrochloride therapy or by intravenous 
phentolamine. Patients who engage in potentially hazardous activities, such as 
operating machinery or driving, should be advised of the sedative effect. This 
drug may enhance the CNS-depressive effects of alcohol, barbiturates and 
other sedatives. Like any other agent lowering blood Apes clonidine hydro- 
chloride should be used with caution in patients with severe corcnary insuffi- 
ciency, recent myocardial infarction, cerebrovascular disease or chronic renal 
failure. . 

As an integral part of their overall long-term care, patients treated with 
Catapres (clonidine hydrochloride) should receive periodic eye examinations. 
While, except for some dryness of the eyes, no drug-related abnormal 
ophthalmologic findings have been recorded with Catapres (clonidine hydro- 
chloride), in several studies the drug produced a dose-dependent increase in the 
incidence and severity of Spontaneously occurring retinal degeneration in al- 
bino rats treated for 6 months or longer. 


Adverse Reactions: The most common reactions are dry mouth, drowsiness 
and sedation. Constipation, dizziness, headache, and fatigue have been re- 
ported. Generally these effects tend to diminish with continued therapy. The 
following reactions have been associated with the drug, some of them rarely. (In 
Some instances an exact causal relationship has not been established.) These 
include: Anorexia, malaise, nausea, vomiting, parotid pain, mild transient abnor- 
malities in liver function tests: one report of possible drug-induced hepatitis 
without icterus and hyperbilirubinemia in a patient receiving clonidine hydro- 
chloride, chlorthalidone and papaverine hydrochloride. Weight gain, transient 
elevation of blood glucose, or serum creatine phosphokinase; congestive heart 
failure, Raynaud's phenomenon: vivid dreams or nightmares, insomnia, other 
behavioral changes, nervousness, restlessness, anxiety and mental de- 
pression. Also rash, angioneurotic edema, hives, urticaria, thinning of the hair, 
pruritus not associated with a rash, impotence, urinary retention, increased 
sensitivity to alcohol, dryness, itching or burning of the eyes, dryness of the 
nasal mucosa, pallor, gynecomastia, weakly positive Coombs test, asymptoma- 
tic electrocardiographic abnormalities manifested as Wenckebach period or 
ventricular trigeminy. 


Overdosage: Profound hypotension, weakness, somnolence, diminished or 
absent reflexes and vomiting followed the accidental ingestion of Catapres 
(clonidine hydrochloride) by several children from 19 months to 5 years of age. 
Gastric lavage and administration of an analeptic and vasopressor led to 
complete recovery within 24 hours. Tolazoline in intravenous doses of 10 mg at 
30-minute intervals usually abolishes all effects of Catapres (clonidine hydro- 
chloride) overdosage. 


How Supplied: Catapres, brand of clonidine hydrochloride, is available as 0.1 
mg (tan) and 0.2 mg (orange) oval, single-scored tablets in bottles of 100 and 
1000 and unit dose package of 100. Also available as 0.3 mg (peach) oval, 
single-scored tablets in bottles of 100. 
or complete details, please see full prescribing information. 

Under license from Boehringer Ingelheim International GmbH 
Reference: 
1. Pioneering Research in Hypertension: The Role of the Sympathetic Ner- 

vous System, film and monograph, Boehringer Ingelheim Ltd., 1982. 


Boehringer Boehringer Ingelheim Ltd. 
Ingelheim Ridgefield, CT 06877 
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FROM MERCK SHARP & DOHME 


A NEW PRODUCT 
THAT WILL HELP CHANGE 
THE WAY YOU LOOK 
AT ACE’ INHIBITION 


“Angiotensin converting enzyme 


= Inhibitor -4 
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“Angiotensin Il 


MERCK SHARP & DOHME 
Division of Merck & Co. Inc 
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People write about them, __ 
sing about them, draw them, eive them. 
But very few take care of them. 


The heart. It’s your most vital o 


rgan. But what performed over 500 open heart surgeries. 
are you cong to keep yours vital? But at Sinai, we don’t just heal. 
ost people do nothing. 
At Sinai 


e do our best 
to prevent heart problems from occ 
Ospital, we see what that leads to. 
: And that's why Sinai has developed one of the 
O 


urring. We 
make our community “heart conscious” with fitness 
p programs, counseling, lectures, and workshops. 
remost cardiac care units in the country. A place All ways to convince you to do one very simple 
where some of the world’s top heart specialists care thing for your heart. Take care of it. 
for this most neglected organ. Last year alone we ©Sinai Hospital of Detroit 1985. 


THIS IS SINAI. 


USING ALL WE KNOW TO MAKE YOU WELL. 
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You MUST include your ZIP code. Post Office rules 
wifl not permit us to send your magazine to you 
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Clip this entire form and attach it to any other 
correspondence you may have for us and mail 
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Drug Treatment 
of Heart Failure 


edited by Jay N. Cohn, MD 


0-914316-41-9, approx. 250pp., Oct. '83, $35.00 








This volume is aimed at providing clinicians with the physiologic and pharmacologic background necessary to ef- 
fectively and efficiently create and administer drug therapy regimens for their patients who suffer heart failure. All efforts 
were made to ensure that the timeliness of each chapter, prepared by internationally respected clinicians and medical 
Scientists, would not be compromised by delays in publication. Consequently, this book presents the very latest think- 
ing on the utilization of drug therapy for heart failure and contains many references as recent as 1982 and 1983. This 
book is highly recommended to all physicians presently treating patients with heart failure. 
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Pathophysiology of Chronic Heart Failure Chapter IX 
by Robert J. Cody, MD, and John H. Laragh, MD Captopril in Heart Failure 
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nitroglycerin 


All faniem nitroglycerin products are being endi pending final evaluation of 
effectiveness by the FDA. (See Brief Summary of Prescribing Information on the following page. »" 
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E ET SUMMARY. " FULL PRESCRIBING INFORMATION, tod ay S most vi ru | ent epi d em i C 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the 
FDA for the prevention and treatment of angina pectoris due 
to coronary vH disease. The conditional approval reflects 
| adetermination that the drug may be marketed while further 
mouton of its effectiveness is undertaken. A final evalu- 
zi, "we WA the effectiveness of the product will be announced by 
d e i 












From the Publishers of The American Journal of Medicine, 
The American Journal of Surgery, and Cutis 


Acquire Immune 
Deficiency Syndrome (AIDS) 
and Infections of Homosexual Men 


edited by Pearl Ma, PhD, and Donald Armstrong, MD with a 
foreword by David J. Sencer, MD, Commissioner of Health, New 
York City; formerly Director, Centers for Disease Control, Public 
Health Service, U.S. Department of Health and Human Services 
0-914316-38-9, 442 pages, illus., 1984, $39.50 





—. CONTRAINDICATIONS 

Intolerance of organic nitrate drugs, marked anemia, increased 
- _ intraocular pressure or increased intracranial pressure. 
WARNINGS s 
> m patents with acute myocardial infarction or congestive heart 
: — fai ure, Transderm-Nitro system should be used under careful 
. . Glinical and/or hemodynamic monitoring. 
In terminating treatment of anginal patients, both the dosage and 
` yp pad of application must be gradually reduced over a period 
-Of 4 to 6 weeks to pon sudden withdrawal reactions, which are 
-.. characteristic of all vasodilators in the nitroglycerin class. 
Transdermal Roogivcerin Systems should be removed before 
y oru defibrillation or cardioversion because of the potential 
` for altered electrical conductivity which may enhance the possi- 
T n e arcing, a phenomenon associated with the use of 





defibrillators. 
Rr. 
EU. of ypotensin, sich as factess, weakness or a i iew all th 
.. symptoms of hypotension, such as faintness, weakness or dizzi- 
v. Mss partur rosa yponson may be dro overdos The first scientific presentation to review e 
... age. When these symptoms occur, the dosage should be reduce | 
vd or use of the product discontinued. j facts in full 
e ee enw system is not intended slay relief of : 
on Mpeg ee See Pe SUDAJ AIDS has become one of the most publicized diseases in modern times. It has produced fear and | 
ADVERSE REACTIONS | confusion in the general public and presented a formidable challenge to the medical community. — 
K cemere af the teva ane. "These headaches should Physicians and scientists have begun work on managing this epidemic, disease control centers con- 
rat u : i : 
be treated with mild analgesics while Transderm-Nitro therapy is tinue to search for answers, and the federal government has declared AIDS the number one | 
i 1 petit aa vidis po yl d treatment, health priority of the nation. Understanding this disease demands cooperation between many dif- 
A? disco nil osage should be reduce Ss une 9 sy " ferent medical specialties, and papers on this subject have been published in many diverse journals _ 
5 Evene neos norted EM sig nine: ONE, not regularly read by individual specialists. Now, for the first time, two highly distinguished medical 
.. vomiting, and dermatitis. These symptoms are attributable to the experts, Drs. Pearl Ma and Donald Armstrong, have coordinated in one easily accessible volume | 
EA RUNE umetologie sects he iiit eai M hes be symp- the complete range of interdisciplinary approaches to this complex disease, with contributions by 
- reduced or use of the product Mosel rach beg the most eminent researchers and physicians in disease control and hospital teaching centers 
. DOSAGE AND ADMINISTRATION — — throughout the country. Comprehensive Coverage is given to the entire spectrum of sexually trans- 
ky Y run do WAV application o we ligul mitted diseases, and an additional section on diagnostic perspectives offers never before published 
the chest i hair is likely to interfere with system adhesion or material on why this syndr ome occurs pr ran ily among homosexual men. For any physician ir 
removal, it can be clipped prior to placement of the system. Each other health care professional interested in the prevention and cure of this modern epidemic, this 


- System is designed to remain in place for 24 hours, and each suc- zu : "E ; z 
| cessive application should be to a different skin area. Transderm- book is an indispensable guide to recognizing and treating AIDS and other sexually transmitted 
__ Nitro system should not be applied to the distal parts of the diseases. 

. extremities. | 
_ The usual dosage is one Transderm-Nitro 5 system every 24 
_ hours. Some patients, however, may require the Transderm-Nitro 


..10 system. Ifa single Transderm-Nitro 5 system fails to provide 
- adequate clinical response, the patient should be instructed to Table of Contents 
ere it enc apply rid "o etree 1 n aber * PART I SEXUALLY TRANSMITTED DISEASES — NONDIARRHEAL * PART 2 SEXUALLY 
£4 erm-Nitro 10 system. More systems may be added as indi- ITTE 
E Cated by continued careful monitoring of clinical response. The TRANSMITTED DISEASES - DIARRHEAL e PART 3 OTHER SEXUALLY TRANSM D l 
Irem s system is useful principally veli ied DISEASES * PART 4 INFECTIOUS AND NEOPLASTIC COMPLICATIONS OF AIDS * PART 5 
ELS when used dong.) Provide adequate therapy for IMMUNOLOGICAL EVALUATION METHODS AND CONTROLS * PART 6 DIAGNOSTIC 
The optimal dosage should be selected based upon the clinical PERSPECTIVE 
. response, side effects, and the effects of therapy upon blood 
f pressure. The greatest attainable decrease in resting blood pres- — — — — — — — — — — — — — —— —————————— ll 
_ Sure that is not associated with clinical symptoms of hypotension pt. E 
.. especially during orthostasis indicates the optimal dosage. To Order Form AJCI5 
decrease adverse reactions, the size and/or number of systems à | 
should be tailored to the individual patient's needs. Send orders to. 
Do not store above 86°F (30°C). Yorke Medical Books ALL BOOKS SENT ON | 
_ PATIENT INSTRUCTIONS FOR APPLICATIONS Box C-757, Brooklyn, New York 11205 30 DAY APPROVAL | 
A patient leaflet is supplied with the systems. 
; HOW SUPPLIED RE Please send me the following book: | 
. ira rm- ; A $ 
- System Rated Nitroglycerin System Carton LJ Acquired Immune Deficiency Syndrome (AIDS) and Infections of Homosexual Men $39.50 (00034) | 
ha invivo inSystem — Süe Size O Enclosed is my check for which includes $1.50 for handling. York pays postage. Same | 
—-2.5mg/24hr — 12.5mg Scm? 30 Systems (NDC 0083-2025-26 return privilege. New York residents add appropriate sales tax. Add $5.00 per book for orders outside 
*100 Systems (NDC 0083-2025-30 oe US. and Cirad | 


i 5 mg/24 hr 25 mg 10cm2 — 30 Systems (NDC 0083-2105-26 




















*100 Syst NDC 0083-2105-30 i 
TTR Yo s fa ‘2 sts NDC 008 210-25 C] Please bill my O VISA — C) MasterCard (same return privilege) 
À jr stems * " 
- 15 mg/24 hr 75 mg 30cm? — 30 Systems NDC 0083-2115-26 Card No. ere. | 
p 100 Systems (NDC 0083-2115-30 Interbank No. (M/C only) Signature | 
Hospital Pack 100's LJ Please bill me plus postage and handling. (U.S. and Canadian orders only.) | 
Printed in U.S.A. 629-2355-A C85-24 (Rev. 4/85) Name | 
Dist. by: Address | 
CIBA Pharmaceutical Company i i 
Division of CIBA-GEIGY Corporation City/State/Zip | 
Summit, New Jersey 07901 


Customers in the following states please include applicable sales tax: CA, CT. GA. IL, MA, MI. NY, OH, PA, TX. All foreign orders must | 
be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit card. Please add $5.00 per book for all orders to be | 
shipped outside the U.S. and Canada. 
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CLINICAL 
STRESS TESTING 
AT ITS BEST. 


THE JUSTIFIABLE 

SYSTEM... 

When your clinical needs dictate a 

sophisticated and cost-efficient diag- 

nostic system for performing stress 

tests, Quinton’s Q2000 System is 

the answer. 

With the Q2000, you get: 

* Powerful multi-processor 
hardware. 

* Fast and accurate software 
analysis. 

* Programmable flexibility. 

e Diagnostic quality output. 

* Long-term reliability. 


PROGRAMMABILITY... 


The easy-to-operate Q2000 enables 
you to program, modify and access 
up to 5 environments (procedures) 
and 9 protocols having up to 26 
,stages each. 


THE DIAGNOSTIC 
EDGE... 


ST Integral and Index, in addition 

to ST Slope and Level, provide 

higher sensitivity and specificity 

than slope and level alone. Your 

diagnostic confidence in tests that 

may otherwise produce marginal 

results is improved. 

Also: 

¢ Absolute Spatial Vector Velocity 
(ASVV) is used to identify aber- 
rant beats, align normal beats for 
signal averaging and establish the 
isoelectric point. 

* ST parameters may be measured 
from either J-junction or R-wave 


peak, and you program the meas 
urement criteria. 
The Q55 TREADMILL is include 
and provides 350-lb. patient — 
capacity, 1-10 mph speed 
range, 0-25% grade range, 
and automatic calibration, 
self-test and 
trouble 


monitoring. um 


OTHER FEATURES... 


* COMPREHENSIVE DIS- 
PLAYS—6 seconds of live ECG 
data, resting and current average 

beats, split screen freeze, tabula 
and graphic displays, continuc 
write from memory, digital dis 
plays of heart rate, ST param- 
eters, and stage and time data. 

* THERMAL CHART 
RECORDER —Programmabl 
operation, AHA diagnostic 
quality traces, computer-aver- 
aged beats available. 

* FINAL REPORT-—Àn automati 
summary of your patient's test 
data saves valuable time in repo 
preparation. 

* SERVICE AND MAINTE- 
NANCE- Fast response and the 
built-in maintenance programs 
keep the service call short. 


For a detailed brochure, examples 4 
ECG printouts and reports, and co 
analysis information, call or write 
inton Instrument Company, 
Terry Avenue, Seattle, WA 
98121-2791. 1-800-426-0347. Te 
3794094 In Washington state ar 
Canada, call (206) 223-7373. 
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Quinton 


instrument co. 


An AH-ROBINS Company 





For steady maintenance following : 
cardioversion of supraventricular, 


ventricular, and atrial tachyarrhythmias 


a Maintains normal sinus rhythm 
m Full quinidine cardiodynamics 


B Greater gastrointestinal tolerance 


than with quinidine sulfate* 


m Convenient b.i.d. or t.i.d. dosage 


"Bibliography available upon request 


INDICATIONS AND USAGE: CARDIOQUIN Tablets are indicated as maintenance therapy after 
Brees and electrical conversion of atrial tachycardia, flutter or fibrillation and inthe treatment 
premature atrial and ventricular contractions, paroxysmal atrial tachycardia, paroxysmal A-V 
junctional rhythm, atrial flutter, paroxysmal atrial fibrillation, established atrial fibrillation when 
(herapy is appropriate, and paroxysmal ventricular tachycardia when not associated with complete 
heartblock. CONTRAINDICATIONS: History of hypersensitivity to quinidine, complete A-V block, 
complete bundle branch block or other severe intraventricular conduction defects, myasthenia 
E arrhythmias associated with digitalis toxicity. WARNINGS: In the treatment of atrial 
brillation with rapid ventricular response. use digitalis to control ventricular rate prior to administra- 
lion of quinidine. In the treatment of atrial flutter. reversion to sinus m may be preceded by 
progressive reduction in the degree of A-V block. to a 1:1 ratio resulting in an extremely high 
ventricular rate. This potential hazard may be reduced by digitalization prior to administration of 
quinidine. Potentially toxic digoxin plasma levels may occur when quinidine is administered 
zoncurrently. Consider reducing digoxin dosage and monitoring for digitalis toxicity. Evidence 
9f quinidine cardiotoxicity (increased P-R and Q-T intervals, 50% widening of QRS, and/or 
ventricular ectopic beats or tachycardia) mandates immediate discontinuation of the drug, and/or 
dose clinical and electrocardiographic monitoring. NOTE: Quinidine effect is enhanced by 
potassium and reduced in the presence of hypokalemia. Quinidine should be used with extreme 
zaution in the presence of incomplete A-V block, since complete block and asystole may result 
Quinidine may cause abnormalities of rhythm in digitalized patients; therefore, it should be used 
With caution in the presence of digitalis intoxication. Caution is also called for in patients exhibiting 
enal, cardiac or hepatic insufficiency because of potential toxic accumulation of quinidine in 
asma. PRECAUTIONS: A preliminary test dose of a single tablet of quinidine sulfate may be 
tdministered to determine if the patient has an idiosyncracy to quinidine. ECG monitoring and 
feterminationof plasma quinidine levels are recommended when doses greater than 2.5 g/day are 
idministered. Periodic blood counts and liver and kidney function tests should be performed during 
ong-term therapy. 


Purdue Frederick 


? COPYRIGHT 1982. THE PURDUE FREDERICK COMPANY/NORWALK, CT 06856 PFR-003/82 


DRUG INTERACTIONS OF QUINIOINE: 


DRUG 

With anticholinergic drugs 

With cholinergic drugs 

With carbonic anhydrase inhibitors, sodium 
bicarbonate, thiazide diuretics 

With coumarin anticoagulants 

With tubocurare, succinylcholine and 


EFFECT 

Additive vagolytic effect. 

Antagonism of cholinergic effects. 

Alkalinization of urine resulting in decreasec 
excretion of quinidine. 

Reduction of clotting factor concentrations. 

Potentiation of neuromuscular blockade 


decamethonium 
With phenothiazines and reserpine 
With hepatic enzyme-inducing drugs 
(phenobarbital, phenytoin, rifampin) 
With digoxin 


Additive cardiac depressive effects. 
Decreased plasma half-life of quinidine. 


Increased plasma concentrations of digoxin 
(see WARNINGS). 


PREGNANCY: The use of quinidine in pregnancy should be reserved only for those cases where 
the benefits outweigh the possible hazards to the patient and fetus, NURSING MOTHERS: The 
drug should be used with caution due to excretion of the quinidine in breast milk, ADVERSE 
REACTIONS: SYMPTOMS OF CINCHONISM (ringing in the ears, nausea, headaches, and/or 
disturbed vision) may appear in sensitive patients after à single dose of the drug. GASTROINTES- 
TINAL: Diarrhea, nausea. vomiting, abdominal pain. CARDIOVASCULAR: Widening of QRS 
complex, cardiac asystole, ventricular ectopic beats, idioventricular rhythms (including ventricular 
tachycardia and fibrillation), paradoxical tachycardia, arterial embolism, and hypotension. HEMA- 
TOLOGIC: Acute hemolytic anemia, hypoprothrombinemia, thrombocytopenic purpura, agranulo- 
cytosis. CNS: Headache. fever, vertigo, apprehension, excitement, confusion, delirium, and 
syncope, disturbed hearing (tinnitus, decreased auditory acuity), disturbed vision (mydriasis, 
blurred vision, disturbed color perception, reduced vision field, photophobia, diplopia, night 
blindness, scotomata), optic neuritis. DERMATOLOGIC: Rash, cutaneous flushing with intense 
pruritus, urticaria, HYPERSENSITIVITY REACTIONS: Angioedema, acute asthmatic episode’ 
eo be collapse, respiratory arrest, hepatic toxicity See package insert for Full Prescribing 
niormation: 
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Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 
With modern sustained-release Procan SR, short duration of effect 


no longer impedes the usefulness of procainamide for maintenance therapy. 


A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 


Ideal maintenance therapy 


E . Procan SR... Rod 
s the original sustained-release oral procainamide 


=~ 


Please see next page for brief summary of prescribing information. 









ic pein ct bod ly (AN/ | r Dtorr is of h pus ery 
: > tc sus-like ‘syndrome. If a positive ANA titer de /elops. the benefit/risk ratio related to 
MT fc: en procainamide therapy should be assessed. This may necessitate consid- - 


lion of alternative antiarrhythmic therapy. 
ICATIONS AND USAGE: Oral procainamide is indicated in the treatment of premature 
tricular contractions, ventricular tachycardia, atrial fibrillation. and paroxysmal atrial 
ycardia. 














































DICATIONS: Hypersensitivity to procainamide is an absolute contraindication. 
dr th is connection, cross- sensitivity to procaine and related drugs must be borne in mind. 
4 P >rocainamide should not be administered to patients with complete atrioventricular 
o he sart block. It is also contraindicated in cases of second degree and third degree A-V 
P. ri i 'odal block unless an electrical pacemaker is operative. 
A has been suggested that procainamide be contraindicated in patients with myasthe- 
ee rt: a i gravis. 
AF GS: Granulocytopenia may follow the use of procainamide, and deaths from sep- 
5 have occurred. Leukocyte changes are most likely to occur during the first three 
O onths of therapy. During this time routine blood counts should be done at least every two 
seks, and thereafter at longer intervals throughout maintenance procainamide therapy. 
& Emp of malaise and aches (a flu-type syndrome) are often reported in association 
ih the granulocyte depression. 
ys ^ Patients should be instructed to report such symptoms promptly, as well as any sore- 
—— ness of mouth. throat or gums, unexplained fever, or symptoms of an upper respiratory 
_ tract infection. If these should occur and a complete blood count indicates a granulocyte 
. dep pression, procainamide therapy should be discontinued immediately and appropriate 
eatment instituted. Recovery of leukocyte count usually occurs within a few weeks. 
e incidence of granulocytopenia appears to be higher with procainamide sustained- 
as e ta zae than with standard tablets. 
F 'AUTIONS: General— During administration of the drug. evidence of untoward 
myo S OBI en ponses should be carefully watched for in all patients. In the presence of an 
. abnormal myocardium, procainamide may at times produce untoward responses. In atrial 
lation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
ec juate digitalization reduces, but does not abolish, this danger. If myocardial damage 
7 xists , ventricular tachysystole i is particularly hazardous. Correction of atrial fibrillation, 
will h resultant forcetul contractions of the atrium, may cause a dislodgement of mural 
th 'om mbi and | produce an embolic episode. However, it has been suggested that, in a 
whi is already discharging emboli, procainamide is more likely to stop than to 
ne process. 


Jsive coronary episode should be carried out with extreme caution. Caution 
uired in marked disturbances of atrioventricular conduction such as A-V block, 
; le branch lock or severe digitalis intoxication, where the use of procainamide may 
sult in additional depression of conduction and ventricular asystole or fibrillation. 

Bi cause patients with severe organic heart disease and ventricular tachycardia may 
so have complete heart block, which is difficult to diagnose under these circumstances, 
lication should always be kept in mind when treating ventricular arrhythmias with 
o 'Oca amide. If the ventricular rate is significantly slowed by procainamide without attain- 
v nto f regular atrioventricular conduction, the drug should be stopped and the patient 
feeva uated since asystole may result under these circumstances. 

Inpatients receiving normal dosage, but who have both liver and kidney disease, symp- 
ms of Overdosage (principally ventricular tachycardia and severe hypotension) may 
ccur due to drug accumulation. 

id Serious hypotension can result from peripheral vasodilation and from decreases in car- 
... diac ; Output. At high plasma levels, procainamide may produce sinus tachycardia due to 
E x sympathetic response to its hypotensive effect. Large doses may increase cardiac 
3) pon € to me and can induce complete atrioventricular block, cardiac standstill, or ventric- 


yarthralgia, arthritic symptoms, and pleuritic pain are common symptoms: to à lesser 
— extent fever, myalgia, skin lesions, pleural effusion, pericarditis, headache, fatique, weak- 
ness, , nausea and abdominal pain may occur Rare cases of thrombocytopenia, Coombs' 
sitive hemolytic anemia, increased SGOT. SGPT, and serum amylase have been 

. y j opor ed which may be related to this SLE-like syndrome. 
s = Itis recommended that tests for systemic lupus erythematosus be carried out at regular 
E /als i in patients receiving maintenance procainamide therapy. The drug should be dis- 
e. ontinued i there is arising ANA titer or clinical symptoms of SLE appear The SLE-like syn- 
drome may be reversible upon discontinuation of the drug. If discontinuation does not 
a Jse remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
t S yndrome develops in a patient with recurrent life-threatening arrhythmias not controllable 
13H / 0! her antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 

ri ar tly with procainamide 


M E for Patient— Practitioners should give the following information and instruc- 
As _ tions to patients receiving Procan SR. 


41. Do not crush or chew these tablets. Swallow them whole. 

"a . Take this medicine exactly as directed by your doctor. Do not miss any doses and do 
Ne no take | more medicine than ordered. Do not stop taking this medicine without first check- 
in g with your doctor 


t Ko 










ce adjust the heart rate ina patient who has developed ventricular tachycardia 
lusi 










5. Do not be concerned if you occasions all lt cos y AM i ‘something that lo looks dic 
atablet. In Procan SR (procainamide hydrox lards abet) the drug is ‘held’ in a wax È 
that has been specially designed to slowly release the drug for your body to absorb. Whe: 
this process is completed the empty, nonabsorbable wax core, which looks neat 
unchanged, is eliminated from your body. eel 
6. Keep container tightly closed and store in a cool. dry place. F * 
Laboratory Tests —Patients receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals. 
Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information. 
Plasma concentrations of procainamide and NAPA should be monitored in patients with 
renal disease, hepatic disease, cardiac failure, or low cardiac output states. 
Drug Interactions 
1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects. 
2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
i 
à 












tion must be exercised with such a combination. 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases 
myasthenia gravis, and paralysis returns. 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. — . 

5. Cimetidine: It has been reported that the histamine Ho-antagonist cimetidine reduces 
renal clearance of procainamide and NAPA. resulting in higher plasma concentrations fo 
longer durations. Caution should be exercised when administering these drugs conch 
rently, especially in the elderly, who have a reduced ability to clear all three. Dosage modifi- 
cation may be required. 

6. Neuromuscular Blocking Agents: Procainamide potentiates the effects of d 
muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate, dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, producing, 
respiratory depression. FU MEE 
Pregnancy —Pregnancy Category C. Animal reproduction studies have not been ird 
ducted with procainamide. It is also not known whether procainamide can cause fetal 
harm when administered to a pregnant woman or can affect reproduction sanani o- 
cainamide should be given to a pregnant woman only if clearly needed. l ia 
Nursing Mothers— It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when sete 
is administered to a nursing woman. A 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: "2 
1. Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5 Urticaria 6. Pruritus. DET. (i 
Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinuclear 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus. (SLE) | eee 
PRECAUTIONS). 

2. Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash í c. Feve 
d. Eosinophilia e. Hypergammaglobulinemia. ý 
Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS) 2. C 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression i) Giddi 
7. Lightheadedness 8. Weakness 9. Bitter taste. | ry " 9l 
Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, er 








abdominal pain, acute hepatomegaly, and a rise in serum ohare oxaloacetic trar 
aminase following a single dose of the drug. r4 E ave 
OVERDOSAGE: Signs and symptoms of overdosage of procainamide include V 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycar a. 
intraventricular conduction delay, oliguria, lethargy, confusion, nausea. and vomiting. SA 
If ingestion is recent, gastric lavage or emesis may reduce absorption. Dopamine, 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. 1 
Management of overdosage includes symptomatic treatment with ECG and blood pres- 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of 
molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide. : 
The urinary elimination of procainamide is proportional to the glomerular filtration. tate Ya 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble asa. 
free base, but the ionized form is not. Acid urine, therefore, leads to ion trapping of pro- i, 
cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal - 
clearance of procainamide can be considerably increased by maintaining a low urinary 
PH and high flow rates. ran 
If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- Y 
ination of procainamide and NAPA is decreased, and hemodialysis may be required. 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively - 
removes procainamide and NAPA. Peritoneal dialysis is not effective. Br 
It has been reported that one patient who ingested approximately 7 grams of pro- A 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide, attempted volume expansion with albumin, and hemodialysis. Also reported is the 
case of an elderly patient who recovered after ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epine 
rine. The latter report suggested that insertion of a ventricular pacing electrode is a 
reasonable precautionary measure in case high grade A-V block develops. " E a 


Storage Conditions— Protect from moisture. Store bottles below 30° C (86° F). Store 
unit-dose packages at controlled room temperature, 15°-30° C (59°-86° F). 0207G012. 
Caution: Federal law prohibits dispensing without prescription. 
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captopril should be reserved for those who have either developed unacceptable side 
effects on other drugs, or have failed to respond satisfactorily to drug combinations. 

_CAPOTEN is effective alone and in combination with other antihypertensive agents, 
especially thiazide-type diuretics. 


; " Heart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
: have not responded adequately to or cannot be controlled by conventional diuretic 
and digitalis therapy. CAPOTEN is to be used with diuretics and digitalis. 


WARNINGS: Neutropenia/Agranulocytosis — Neutropenia (—1000/mm?) with 
myeloid hypoplasia has resulted from use of captopril. About half of the neutropenic 
~ patients developed systemic or oral cavity infections or other features of the syndrome 
of agranulocytosis. The risk of neutropenia is dependent on the clinical status of 
the patient: 


In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine — 1.6 mg/dL and no collagen disease), neutropenia has been seen 
in one patient out of over 8,600 exposed. In patients with some degree of renal 
failure (serum creatinine at least 1.6 mg/dL) but no collagen vascular disease, the 
risk in clinical trials was about 1 per 500. Doses were relatively high in these 
patients, particularly in view of their diminished renal function. In patients with 
collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
While none of the over 750 patients in formal clinical trials of heart failure 
developed neutropenia, it has occurred during subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 1.6 mg/dL and more than 75% 
received procainamide. In heart failure, it appears that the same risk factors for 
- neutropenia are present. 
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. Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
is a possibility in severely salt/volume-depleted persons such as those treated vigorously 
with diuretics (see PRECAUTIONS [Drug Interactions]). 
In heart failure, where blood pressure was either normal or low, transient decreases 
_ in mean blood pressure >20% were recorded in about half of the patients. This transient 
hypotension may occur after any of the first several doses and is usually well tolerated, 
although rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patients 
should be followed closely for the first 2 weeks of treatment and whenever the dose of 
captopril and/or diuretic is increased. 


= BECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN 
.. THESE PATIENTS, THERAPY SHOULD BE STARTED UNDER VERY 
_ CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: /mpaired Renal Function, Hypertension — Some 
_ hypertensive patients with renal disease, particularly those with severe renal artery 
stenosis, have developed increases in BUN and serum creatinine. It may be necessary 
to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
=~ . normalization of blood pressure and maintenance of adequate renal perfusion may 

= not be possible. Heart Failure — About 20% of patients develop stable elevations of 
... BUN and serum creatinine >20% above normal or baseline upon long-term treat- 
ment. Less than 5% of patients, generally with severe preexisting renal disease, 
. required discontinuation due to progressively increasing creatinine. See DOSAGE 

. AND ADMINISTRATION, ADVERSE REACTIONS [Altered Laboratory Find- 
. ings]. Valvular Stenosis — A theoretical concern, for risk of decreased coronary perfu- 
sion, has been noted regarding vasodilator treatment in patients with aortic stenosis 
due to decreased afterload reduction. 
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Agents Having Vasodilator Activity— In heart failure patients, vasodilators should 
be administered with caution. 


Agents Causing Renin Release — Captopril’s effect will be augmented by antihypertensive, 
agents that cause renin release. 


Agents Affecting Sympathetic Activity — The sympathetic nervous system may be 
especially important in supporting blood pressure in patients receiving captopril 
alone or with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive 
effect to captopril, but the overall response is less than additive. Therefore, use agents 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron 
blocking agents) with caution. 


Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium 
supplements only for documented hypokalemia, and then with caution, since they 
may lead toa significant increase of serum potassium. Use potassium-containing salt 
substitutes with caution. 


Inhibitors of Endogenous Prostaglandin Synthesis — Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, espe- 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C — There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects were observed in rabbits. Therefore, captopril 
should be used during pregnancy only if the potential benefit outweighs the potential 
tus. Captopril crosses the human placenta. 
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ns Of hypotension ation of captopril therapy. 

t pain, and palpitations each in about 1 of 100 patients. Angina 
pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure 
each in 2 to 3 of 1000 patients. 


Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 







usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, — 


abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 

peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 2% of patients but did not 

appear at increased frequency compared to placebo or other treatments used in 

controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 
depleted or renovascular hypertensive patients. In instances of rapid reduction of 
longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an I.V. infusion of normal saline is the treatment of choice for restoration of 
blood pressure. Captopril may be removed from the general circulation by hemodialysis. 


DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage 
must be individualized; see DOSAGE AND ADMINISTRATION section of pack- 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 


HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 
(25 mg also available in bottles of 1000), and in UNIMATIC* single dose packs of 100 
tablets. 

(]3-658C) 


Reference: 1. Cannon PJ, Criley JM, Dzau VJ, et al: A placebo- controlled trial of captopril in 
refractory chronic congestive heart failure. J Am Col Cardiol 2:755-763, 1983. 
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Echocardiography 


Hemodynamic and Pathological Correlations 


by José Missri, MD 


Dr. Missri has produced a unique contribution to the 
further understanding and application of Doppler 
echocardiography in the clinical practice of medicine. 
This book provides the reader with ready access to a 
body of knowledge so logically and clearly presented 
that its practical utility is undeniable. Enhanced by 39. 
halftones, 16 line drawings and 18 tables, the 
information contained within its concise 282 pages is 
easily absorbed. And the 315 references cited not only 
support the material presented but serve as an exce 
guide to anyone interested in further in-depth reading. - 
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Indicated for adult patients with high serum D Lowers elevated serum levels of 
triglycerides (type IV hyperlipidemia) who present triglyceride-rich very-low-density lipoproteit 
a risk of pancreatitis and who do not respond (VLDL) and, to a lesser extent, cholesterol-r 
adequately to diet. low-density lipoproteins (LDL) 


Clinical trials she w that Lopid © Favorably raises serum levels of high-den 
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Artist's interpretation of balance 
of serum VLDL and HDL. 


to Therapy of Certain Dyslipudemias 


Lipid-regulating efficacy: Diet, exercise and weight loss 
i are the first choice in therapy of 


open-label phase of US multicenter study lipid disorders. 
X 
at CI id ol 12 lunar II mths *Visit every 4 weeks during long-term use 


of LOPID. 

‘Data cited on this graph reflect clinical 
experience based on the multicenter trial. 
They do not npe an indication for Types 
IIa and IIb dyslipidemias. 


Average percent change from baseline at doses ranging from 


8(0- 1,600 mg/day, majority at 1,200 mg/day (119 patients)" 


i. Data on file, Medical Affairs Dept, Parke-Davis. 
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Be ore prescribing, please see full prescribing information. 
.. A Brief Summary follows. 


P BENi 
[ CLIN CAL PHARMACOLOGY. LOPID is a lipid regulating agent which lowers 
A el avat » » * . * . * * L 
- reduction in total serum cholesterol. These decreases occur primarily in the very 
-. low density lipoprotein (VLDL) fraction and less frequently in the low density lipo- 
7 tein (LDL) fraction. In addition, LOPID may increase the high density lipopro- 
HDL) cholesterol fraction, an action considered of possible benetit to 


een shown to inhibit peripheral lipolysis and to decrease the hepatic extrac- 
free fatty acids, thus reducing hepatic triglyceride production. LOPID also 

bits synthesis of VLDL carrier apoprotein, leading to a decrease in VLDL 

duction. 

nimal studies suggest that LOPID may, in addition to elevating HDL choles- 
educe incorporation of long-chain fatty acids into newly formed triglycer- 

, accelerate turnover and removal of cholestero! from the liver, and increase 
etion of cholesterol in the feces. 

OPID is well absorbed from the gastrointestinal tract after oral administration. 
plasma levels occur in one to two hours with a plasma half-life of 1.5 hours 

ng single doses and 1.3 hours following multiple doses. Plasma levels 

ear proportiona! to dose and do not demonstrate accumulation across time 

ing multiple doses. 

ID mainly undergoes oxidation of a ring methyl group to successively form a 

(ymethy! and a carboxy! metabolite. Approximately seventy percent of the 

istered human dose is excreted in the urine, primarily as unchanged gemfi- 

Six percent of the dose is accounted for in the feces. 

large, controlled multicenter trial of 427 patients, lipid and lipoprotein 

ges from average baseline (%) by hyperlipoproteinemic (HLP) type are sum- 

zed below for those patients receiving gemfibrozil, 1200 mg/day, at the end of 


[i TE —cHoEStRO RATIO 
| Total VLDL LDL HDL HDL Cholesterol 
ris Total Cholesterol 

~42% — 44 3% - 5.8% 4 24.696 +33% 

-8.6% -45.0% - 6.4% +19.5% +34% 

— 1.896 — 40 895 4 14,696 +17.4% +23% 


- the apy specific for the type of hyperlipidemia is the initial treatment of choice. Excess 
dy weight and excess alcoholic intake may be important factors in hypertriglyceri- 


mellitus should be looked for and adequately treated. The use of drugs 
Id be considered only when reasonable attempts have been made to obtain sat- 
lory results with nondrug methods. If the decision is to use drugs, the patient 
d be instructed that this does not reduce the importance of adhering to diet. 
(ca use of chemical, pharmacological, and clinical similarities between gemfibro- 
* zil and clofibrate, and the adverse findings with clofibrate in two large clinical studies 
» (see Warnings), use of gemfibrozil should be restricted to the following indications. 
E LOPID may be considered for the treatment of adult patients with very high serum 
-triglyceride levels (type IV hyperlipidemia) who present a risk of abdominal pain and 
| reatitis and who do not respond adequately to a determined dietary effort to con- 
1. Patients with triglyceride levels in excess of 750 mg per deciliter are likely to 
present such risk. 
_ LOPID (gemfibrozil capsules, USP) has little effect on elevated cholesterol levels 
n most subjects. A minority of subjects show a more pronounced response. How- 
ever, it must be understood that there is no evidence that use of any lipid-altering 
will be beneficial in preventing death from coronary heart disease (see WARN- 
. Therefore, the physician should be very selective and confine gemfibrozil 
hent to patients with clearly defined risk due to severe hypercholesterolemia 
ndividuals with familial hypercholesterolemia starting in childhood) who inade- 
ly respond to appropriate diet and more effective cholesterol-lowering drugs. 
PÍD is not useful for the hypertriglyceridemia of Type ! hyperlipidemia. | 
* biochemical response to gemfibrozil is variable, and it is not always possible to 
ct from the lipoprotein type or other factors which patients will obtain favorable 
s. It is essential that lipid levels be assessed and that the drug be discontinued 
hree months in any patient in whom lipids do not show significant improvement. 
‘effect of drug-induced reduction of serum cholesterol or triglyceride levels or 
ion of HDL cholesterol levels on morbidity or mortality due to coronary heart dis- 
ase has not been established. Several years may be required before ongoing long- 
rm investigations will resolve this question. 
wf NDICATIONS. 1. Hepatic or severe renal dysfunction, including primary 
cirrhosis. 
Pi eexisting gallbladder disease. (See Warnings.) 
Hypersensitivity to gemfibrozil. 
i S. 1. Because of chemical, pharmacological, and clinical similarities 
en gemfibrozil and clofibrate, the adverse findings with clofibrate in two large 
| studies may also apply to gemfibrozil. In the first of those studies, the Coro- 
/ Drug Project, 1000 subjects with previous myocardial infarction were treated for 
ars with clofibrate. There was no difference in mortality between the clofibrate- 
d subjects and 3000 placebo-treated subjects, but twice as many clofibrate- 
d subjects developed cholelithiasis and cholecystitis requiring surgery. In the 
tudy, conducted by the World Health Organization, 5000 subjects without 
coronary heart disease were treated with clofibrate for five years and followed 


ality was due to noncardiovascular causes, including malignancy, postcholecys- 
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.. Electron microscopy studies have demonstrated a florid hepatic peroxisome prolif- — 


eration following LOPID administration to the male rat. Similar changes have not been _ 
wel. 


Male rats had a dose-related increase of benign Leydig cell tumors. Subcapsular Me 
bilateral cataracts occurred in 10%, and unilateral in 6.396 of the high dose males. a 
3. Since a reduction of mortality from coronary artery disease has not been demons d 
strated and liver and interstitial cell testicular tumors were increased in male rats; :; 9*5 
LOPID should be administered only to those patients described in the Indications and d 
Usage Section. If a significant serum lipid response is not obtained, LOPID should bei 


4. Cholelithiasis—LOPID may increase cholesterol excretion into the bile leading to 
cholelithiasis. If cholelithiasis is suspected gallbladder studies are indicated. LOPID 
therapy should be discontinued if gallstones are found. 

5. Concomitant Anticoagulants—Caution should be exercised when anticoagulants 
are given in conjunction with LOPID. The dosage of the anticoagulant should be 
reduced to maintain the prothrombin time at the desired level to prevent bleeding 
complications. Frequent prothrombin determinations are advisable until it has been . 
definitely determined that the prothrombin level has stabilized. 

PRECAUTIONS. 1. Initial Therapy—Before instituting LOPID (gemfibrozil cap- 
sules, USP) therapy, every attempt should be made to control serum lipids with 
appropriate diet, exercise, weight loss in obese patients, and other medical prob- . 
lems such as diabetes mellitus and hypothyroidism. 

2. Continued Therapy—Pretreatment laboratory studies should be performed to 
ensure that patients have abnormal levels of serum lipids. Periodic determinations of 
serum lipids should be obtained during LOPID administration. The drug should be 
withdrawn after three months if the lipid response is inadequate. 

3. Seasonal Variation of Lipid Levels —! OPID is not expected to alter seasonal 
variations of higher serum lipid values in mid-winter and late summer or the lower val- | 
ues in fall and spring. 

4. Impairment of Fertility — Administration of approximately three and ten times 
the human dose to male rats for 10 weeks resulted in a dose-related decrease of fertil- - 
ity. Subsequent studies demonstrated that this effect was reversed after a drug-free 
period of about eight weeks, and it was not transmitted to their offspring. Jj 

5. Pregnancy Category B— Reproduction studies have been performed in the rat | 
at doses 3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the — 
human dose. These studies have revealed no evidence of impaired fertility in females 
or harm to the fetus due to LOPID. Minor fetotoxicity was manifested by reduced birth 
rates observed at the high dose levels. No significant malformations were found _ "A 
among almost 400 offspring from 36 litters of rats and 100 fetuses from 22 litters of ecl d 
rabbits. rie 

There are no studies in pregnant women. In view of the fact that LOPID is tumori- 
genic in male rats, the use of LOPID in pregnancy should be reserved for those _ 
patients where the benefit clearly outweighs the possible risk to the patient or fetus. — 

6. Nursing Mothers—Because of the potential for tumorigenicity shown for gemfi- _ 
brozil in male rats, a decision should be made whether to discontinue nursing or dis- — 
continue the drug, taking into account the importance of the drug tothe mother. — T 

7 Hematologic Changes— Mild hemoglobin, hematocrit and white blood cell 
decreases have been observed in occasional patients following initiation of LOPID 
therapy. However, these levels stabilize during long-term administration. Therefore, 
periodic blood counts are recommended during the first 12 months of LOPID 
administration. bri 

8. Liver Function — Abnormal liver function tests have been observed occasionally 
during LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline 
phosphatase. These are usually reversible when LOPID is discontinued. Therefore 
periodic liver function studies are recommended and LOPID therapy should be termi- 
nated if abnormalities persist. v 


9. Cardiac Arrhythmias—A\though no clinically significant abnormalities imer 
occurred that could be attributed to LOPID, the possibility exists that such abnormali- - 
ties may occur. AQ 


10. Use in Children— Safety and efficacy in children have not been established. — 
ADVERSE REACTIONS. In controlled clinical trials of 805 patients, including 245 Eur 
who received LOPID for at least one year, the most frequently reported adverse reac- D 
tions associated withLOPID involved the gastrointestinal system. In decreasing order 
of frequency, these were abdominal pain (6.096), epigastric pain (4.9%), diarrhea - 
(4.8%), nausea (4.0%), vomiting (1.6%), and flatulence (11%). Other adverse reac- 

Er where the probability of a causal relationship to LOPID therapy exists are listed © 

system. (3 
Integumentary: rash, dermatitis, pruritus, urticaria ap pee 
Central Nervous System: headache, dizziness, blurred vision CRA 1 
Musculoskeletal: painfu! extremities he Du 
Hematopoietic: anemia, eosinophilia, leukopenia da 

Other reactions have been reported under conditions where a causal relationshipis — 
difficult to establish, thus the physician should be alert to these occurrences. Reports. 
of viral and bacterial infections (common cold, cough, and urinary tract infections) 
were more common in gemfibrozil than in placebo-treated patients. 

Other reactions were: 

Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspepsia 

Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen joints 

Central Nervous System: vertigo, insomnia, paresthesia, tinnitus 

Clinical Laboratory: hypokalemia, liver function abnormalities (increased SGOT, 
SGPT, LDH, CPK, alkaline phosphatase) 

Miscellaneous: fatigue, malaise, syncope 
DOSAGE AND ADMINISTRATION. The recommended dose for adults is 1200 mg 
administered in two divided doses 30 minutes before the morning and evening meal. 
Some patients will experience therapeutic effects on 900 mg/day; a few may require 
1500 mg/day for satisfactory results. À 
DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGU- 
LANTS ARE GIVEN IN CONJUNCTION WITH LOPID (GEMFIBROZIL CAPSULES, 
USP). THE DOSAGE OF THE ANTICOAGULANT SHOULD BE REDUCED TO j 
MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED LEVEL TO PREVENT ka: 
BLEEDING COMPLICATIONS. FREQUENT PROTHROMBIN DETERMINATIONS A 
ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE i 
PROTHROMBIN LEVEL HAS STABILIZED. Le: 
MANAGEMENT OF OVERDOSAGE. While there has been no reported case Of over- —— 
dosage, symptomatic supportive measures should be taken should it occur. + 
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509  Cardiorespiratory Response to Exercise in Ebstein's Anomaly 
GERALD BARBER, GORDON K. DANIELSON, CHARLES T. HEISE, and DAVID J. DRISCOLL 


Fourteen patients with unrepaired Ebstein's anomaly underwent maximal exercise testing between October 
1982 and April 1984. Compared with control subjects, these patients had significant reductions in total work per- 
formed, exercise time, maximal oxygen uptake, blood oxygen saturation at rest and during exercise, and heart 
rate and systolic blood pressure during maximal exercise. They had a significant increase in heart rate at rest. 
The ventilatory equivalent for oxygen was increased significantly both at rest and during exercise. Thus, patients 
with Ebstein's anomaly have decreased exercise tolerance owing to both cardiac and respiratory limitations. 


514 Influence of the Two-Stage Anatomic Correction of Simple Transposition of the Great Arteries on Left 
Ventricular Function 


HANS H. SIEVERS, PETER E. LANGE, DIETRICH G.W. ONNASCH, ROSEMARY RADLEY-SMITH, 
MAGDI H. YACOUB, PAUL H. HEINTZEN, DIETER REGENSBURGER, and ALEXANDER BERNHARD 


To evaluate the influence of the 2-stage anatomic correction of simple transposition of the great arteries on left 
ventricular (LV) function, pressure and angiocardiographic volume, data were analyzed before banding of the 
pulmonary trunk (n — 12), and before (n — 17) and after (n — 11) anatomic correction and compared with data 
in control subjects (n = 12). After banding, LV ejection fraction decreased (p <0.01), and LV peak systolic pres- 
sure (p <0.01) as well as LV end-diastolic pressure (p <0.05) increased. After anatomic correction, these pa- 
rameters and LV end-systolic wall stress were not significantly different from control values. In 7 of 11 patients, 
LV stress-ejection relation were within control range with the highest values in the youngest patients. In contrast 
to measures of global myocardial function, such as LV ejection fraction and LV end-diastolic pressure data, the 
LV stress-ejection fraction relation suggest that LV function may not be normal in few patients 20 months after 
anatomic correction. Young age at operation, however, appears to be advantageous in preserving LV function. 
Hemodynamic alterations after banding probably reflect LV adaptation to systemic pressures in a hypoxemic 
circulation. 


520  Echocardiographic Ventricular Shape Analysis in Congenital Heart Disease with Right Ventricular 
Volume or Pressure Overload 


ANNABELLE AZANCOT, THOMAS CAUDELL, HUGH D. ALLEN, GEORGE TOSCANI, 
JEAN LOUIS DEBRUX, ANNA LAMBERTI, DAVID J. SAHN, and STANLEY J. GOLDBERG 


A computerized Fourier analysis technique that allows quantification of changes of septal shapes was applied 
to patients with atrial septal defect, total anomalous pulmonary venous connection, and d-transposition of the 
great arteries. Left ventricular shapes were characterized by "shape factor," in which 1 equals a circle and 7 
a distorted, indented ellipse. Highest shape factors were found in transposition (diastolic mean 4.59, systolic 
mean 5.61). Significant systolic and diastolic differences existed between normal subjects and patients with total 
anomalous pulmonary venous connection, whereas only diastolic shape factors were significantly different be- 
tween the atrial septal defect group and normal subjects. Shape factor correlated well with the hemodynamic 
data (right ventricular/left ventricular systolic pressure ratios and normalized interventricular pressure differ- 
ences) and allows numerical expression of visually interpreted distortions over a wide range of geometric 
alterations. 


| ~ Continued on page A12 
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fs 527 Results of Balloon Valvuloplasty in the Treatment of Congenital Valvar Pulmonary Stenosis in Children 
E. : DANIEL A. KVESELIS, ALBERT P. ROCCHINI, A. REBECCA SNIDER, AMNON ROSENTHAL, 
DENNIS C. CROWLEY, and MACDONALD DICK Il 


pec Transluminal balloon valvuloplasty was used in the treatment of 19 children with congenital valvar pulmonary 
pee stenosis (PS). The right ventricular systolic pressure and right ventricular outflow tract gradient decreased signif- 
E: icantly immediately after the procedure. Follow-up evaluation was performed and included cardiac catheteriza- 
E je tion (n — 7), electrocardiography (n — 13), vectorcardiography (n = 11) and echocardiography (n = 11). All stud- 
3 ies documented the continued long-term relief of congenital valvar PS after balloon valvuloplasty and suggest 
ae that follow-up of these patients may be performed noninvasively unless questions arise concerning the severity 


of the residual PS. 
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. 533 Anticoagulation Therapy in Children with Mechanical Prosthetic Cardiac Valves 


i. LINDA M. BRADLEY, FRANK M. MIDGLEY, DONALD C. WATSON, PAMELA R. GETSON, and 

E LEWIS P. SCOTT 

d From 1980 through 1984, 28 children, aged 3 months to 19 years, underwent cardiac valve replacement with 30 
Ns mechanical prostheses and received anticoagulation therapy with warfarin (group 1) or acetylsalicylic acid and 
[3 dipyridamole (group 2). Patients in group 1 had a greater risk of hemorrhage (5 of 20 [2596] vs 0 of 10 [096], 
x p <0.05). Three of 5 episodes of hemorrhage were mild, and in no case was hemorrhage life-threatening. Group 
E 2 had excessive risk of thromboembolism (2 of 10 [2096] vs 0 of 20 [096], p <0.05) compared with group 1. 
ie : Both episodes of thromboembolism were life-threatening and required emergency valve replacement. Although 


warfarin is associated with greater risk of hemorrhage than acetylsalicylic acid and dipyridamole, it is superior 


to antiplatelet drugs in thromboembolism prophylaxis and is indicated for anticoagulation therapy in children with 
mechanical cardiac valves. 
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536 Extravascular Lung Water in Children Immediately After Operative Closure of Either Isolated Atrial 
i Septal Defect or Ventricular Septal Defect 


ROBERT N. VINCENT, PETER LANG, E. MARSHA ELIXSON, RICHARD JONAS, and 
ALDO R. CASTANEDA 
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Extravascular lung water (EVLW) was measured in 16 patients with congenital heart disease by the cold green 
| dye, double indicator dilution technique. Five patients with optimally corrected tetralogy of Fallot served as con- 
ks trols; in this group EVLW was 4.7 + 0.5 ml/kg (111 13 ml/m?) (mean + standard deviation). In 5 asymptomatic 

patients with atrial septal defect (ASD), normal pulmonary artery (PA) pressure and increased pulmonary blood 
flow, EVLW was 5.7 + 2.8 ml/kg (132 + 63 ml/m?), which was not significantly different from the level in control 
patients. However, in 6 patients with ventricular septal defect, PA hypertension, normal left atrial pressure and 
an equivalent left-to-right shunt to ASD patients, EVLW was 15.9 + 3.8 ml/kg (270 + 60 mI/m?). This was signif- 
Ee. icantly different from both control and ASD patients (p « 0.01). Thus, in the face of normal pulmonary vascular 

resistance, PA pressure is transmitted to the microvasculature, causing hydrostatic pulmonary edema. 


|. 539 Assessment of Right Ventricular Outflow Tract in Children by Two-Dimensional Echocardiography 
| Using a New Subcostal View: Angiocardiographic and Morphologic Correlative Study 


E. KARL ISAAZ, JEAN L. CLOEZ, NICOLAS DANCHIN, FRANQOIS MARCON, ANNE M. WORMS, and 
e. CLAUDE PERNOT 


Using subcostal 2-dimensional echocardiography (2-D echo) the right ventricular (RV) outflow tract was pro- 
spectively studied in 20 children without cardiac disease and 49 children with various congenital or acquired 
Be. forms of heart disease. A specific subcostal view was used to display simultaneously the long axis of the RV out- 
i | flow tract and the long axis of the proximal part of the ascending aorta, providing a picture similar to that ob- 

A tained by a right ventriculogram in the elongated right anterior oblique view. This new subcostal view could be 
obtained in 18 of the 20 patients (9096) without heart disease and in 46 of the 49 patients (9496) with heart dis- 
ease. The RV outflow tract was correctly visualized in all patients with tetralogy of Fallot (n — 20) or pulmonary 
atresia with ventricular septal defect (n — 2). This particular echocardiographic approach, the subcostal elongat- 
ed right oblique view, appeared superior to standard parasternal and subcostal cuts in imaging the RV outflow 
tract and permitted differentiation between normal and abnormal (with or without obstruction) types of RV out- 


E flow tract, best demonstrating the severity and anatomic components of infundibular obstruction in the latter 
iS : type. 


> Continued on page A15 
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e Many common prescription e Less variability in absorption 
and OTC drugs can cause means less risk of over- or 
P variations in digoxin absorption. under-digitalization, and 


increased safety. 
e Lanoxicaps are more rapidly 
and completely absorbed to 
minimize these interactions. 


LANOXICAPS 


(digoxin solution in capsules) 


0.05 mg, 0.1 mg, 0.2 mg strengths 


: The new standard in digoxin delivery 


Burroughs Wellcome Co. 
^» Research Triangle Park 
Wellcome North Carolina 27709 


Copr. © 1985 Burroughs Wellcome Co. All rights reserved. Please see brief summary of prescribing information on next page. 84L NC€ 
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... LANOXICAPS* 
RA (digoxin solution in capsules) 
E 50 ug (0.05 mg) I.D. Imprint A2C (red) 
-— 100 ug (0.1 mg) I.D. Imprint B2C (yellow) 

200 ug (0.2 mg) I.D. Imprint C2C (green) 

— Brief Summary of Prescribing Information 
-Before using Lanoxicaps® (digoxin solution in capsules), 
- . the physician should be thoroughly familiar with the 
basic pharmacology of this drug as well as its drug 
- interactions and its indications and usage. 
_ CONTRAINDICATIONS: Digitalis glycosides are con- 
- traindicated in ventricular fibrillation. Any untoward effect 
- requiring permanent discontinuation of other digitalis prep- 
. arations usually constitutes a contraindication to digoxin. 
f Hypersensitivity to digoxin itself is a contraindication to its 
— use. Allergy to digoxin, though rare, does occur. It may 
- mot extend to all such preparations, and another digitalis 
- glycoside may be tried with caution. 
—. WARNINGS: The use of digoxin or other digitalis glyco- 
E. sides in the treatment of obesity is unwarranted and 







_ dangerous. 

-Itis recommended that digoxin in soft capsules be 
administered in divided daily doses to minimize any poten- 
tial adverse reactions. Where compliance is considered 
Tua problem, single daily dosing may be appropriate (see 

- DOSAGE AND ADMINISTRATION section in complete 

.. prescribing information). 

e Anorexia, nausea, vomiting and arrhythmias may 

4 accompany heart failure or may be indications of digitalis 
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^^ 


_ intoxication. Clinical evaluation of the cause of these 

_ symptoms should be attempted before further digitalis 
. administration. 

EC Patients with renal insufficiency require smaller than 

. usual maintenance doses of digoxin (see DOSAGE AND 
ADMINISTRATION section in complete prescribing 
information). 

- Heart failure accompanying acute glomerulonephritis 
-requires extreme care in digitalization. Relatively low 
tt loading and maintenance doses and concomitant use of 
.. antihypertensive drugs may be necessary. Careful 
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A, monitoring is essential. Digoxin should be discontinued 
| abe as possible. 
= Patients with severe carditis, such as carditis associated 
_ with rheumatic fever or viral myocarditis, are especially 
. Sensitive to digoxin-induced disturbances of rhythm. 
___ Newborn infants display considerable variability in their 
tolerance to digoxin. Premature and immature infants 
are particularly sensitive, and dosage must not only be 
. reduced but must be individualized according to their 
.. degree of maturity. 
= Note: Digitalis glycosides are an important cause of 


. accidental poisoning in children. 


PRECAUTIONS: 

General: Digoxin toxicity develops more frequently and 
lasts longer in patients with renal impairment because of 
the decreased excretion of digoxin. Therefore, dosage re- 
quirements will be decreased in patients with moderate to 
Severe renal disease (see DOSAGE AND ADMINISTRATION 
- Section in complete prescribing information). More time is 
required to achieve an initial or new steady-state concen- 
- tration in patients with renal impairment than in patients 
x normal renal function. 








aie 









* 


_ In patients with hypokalemia, toxicity may occur despite 
- Serum digoxin concentrations within the “normal range ', 
- because potassium depletion sensitizes the myocardium 
to digoxin. Hypokalemia may result from diuretic, ampho- 
_tericin B or corticosteroid therapy, and from dialysis or 
. mechanical suction of gastrointestinal secretions. It may 
. also accompany malnutrition, diarrhea, prolonged 
. vomiting, old age and long-standing heart failure. In 

. general, rapid changes in serum potassium or other elec- 

. trolytes should be avoided, and intravenous treatment with 

potassium should be reserved for special circumstances as 

- described below (see TREATMENT OF ARRHYTHMIAS 
. PRODUCED BY OVERDOSAGE section in complete pre- 
. scribing information). 

—.. Calcium, particularly when administered rapidly by the 

_ intravenous route, may produce serious arrhythmias in 
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digitalized patients. Hypercalcemia from any cause pre- 
disposes the patient to digitalis toxicity. Hypocalcemia 
can nullify the effects of digoxin in man; digoxin may be 
ineffective until serum calcium is restored to normal. 

Hypomagnesemia may predispose to digitalis toxicity. If 
low magnesium levels are detected in a patient on digoxin, 
replacement therapy should be instituted. 

Quinidine and verapamil cause a rise in serum digoxin 
concentration, with the implication that digitalis intoxi- 
cation may result. This rise appears to be proportional 
to the dose. Due to the considerable variability of these 
interactions, digoxin dosage should be carefully 
individualized. 

Certain antibiotics may increase digoxin absorption in 
patients who convert digoxin to inactive metabolites in the 
gut (see Pharmacokinetics portion of the CLINICAL 
PHARMACOLOGY section in complete prescribing in- 
formation). The magnitude of rise in serum digoxin con- 
centration may be as much as two-fold in some cases. 
This interaction is significantly reduced if digoxin is given 
as Lanoxicaps. 

Patients with acute myocardial infarction or severe 
pulmonary disease may be unusually sensitive to digoxin- 
induced disturbances of rhythm. 

Atrial arrhythmias associated with hypermetabolic states 
(e.g. hyperthyroidism) are particularly resistant to digoxin 
treatment. Large doses of digoxin are not recommended 
as the only treatment of these arrhythmias and care must 
be taken to avoid toxicity. In hypothyroidism, the digoxin 
requirements are reduced. Digoxin responses in patients 

with compensated thyroid disease are normal. 

Reduction of digoxin dosage may be desirable prior to 
electrical cardioversion to avoid induction of ventricular 
arrhythmias, but the physician must consider the con- 
sequences of rapid increase in ventricular response to 
atrial fibrillation if digoxin is withheld 1 to 2 days prior to 
cardioversion. If there is a suspicion that digitalis toxicity 
exists, elective cardioversion should be delayed. If it is not 
prudent to delay cardioversion, the energy level selected 
should be minimal at first and carefully increased in an 
attempt to avoid precipitating ventricular arrhythmias. 

Incomplete AV block, especially in patients with Stokes- 
Adams attacks, may progress to advanced or complete 
heart block if digoxin is given. 

In some patients with sinus node disease (i.e. Sick 
Sinus Syndrome), digoxin may worsen sinus bradycardia 
or sino-atrial block. 

In patients with Wolff-Parkinson-White Syndrome 
and atrial fibrillation, digoxin can enhance transmission 
of impulses through the accessory pathway. This effect 
may result in extremely rapid ventricular rates and even 
ventricular fibrillation. 

Digoxin may worsen the outflow obstruction in patients 
with idiopathic hypertrophic subaortic stenosis (IHSS). 
Unless cardiac failure is severe, it is doubtful whether 
digoxin should be employed. 

Patients with chronic constrictive pericarditis may fail to 
respond to digoxin. In addition, slowing of the heart rate 
by digoxin in some patients may further decrease cardiac 
output. 

Patients with heart failure from amyloid heart disease or 
constrictive cardiomyopathies respond poorly to treatment 
with digoxin. 

Digoxin is not indicated for the treatment of sinus tachy- 
cardia unless it is associated with heart failure. 

Digoxin may produce false positive ST-T changes in the 
electrocardiogram during exercise testing. 

Intramuscular injection of digoxin is extremely painful 
and offers no advantages unless other routes of adminis- 
tration are contraindicated. 

Drug Interactions: Potassium-depleting corticosteroids 
and diuretics may be major contributing factors to digitalis 
toxicity. Calcium, particularly if administered rapidly by the 
intravenous route, may produce serious arrhythmias. 
Quinidine and verapamil cause a rise in serum digoxin con- 
centration, with the implication that digitalis intoxication 
may result. Certain antibiotics increase digoxin absorption 
in patients who inactivate digoxin by bacterial metabolism 






in the lower intestine, so that digitalis intoxication may 2 

result. Propantheline and diphenoxylate, by decreasing 

gut motility, may increase digoxin absorption. Antacids, 
kaolin-pectin, sulfasalazine, neomycin, cholestyramine 
and certain anticancer drugs may interfere with intestinal 
digoxin absorption, resulting in unexpectedly low serum 
concentrations. Thyroid administration to a digitalized, 
hypothyroid patient may increase the dose requirement 

of digoxin. Concomitant use of digoxin and sym- 
pathomimetics increases the risk of cardiac arrhythmias, 
because both enhance ectopic pacemaker activity. Suc- 
cinylcholine may cause a sudden extrusion of potassium 
from muscle cells, and may thereby cause arrhythmias in 
digitalized patients. Although B adrenergic blockers or cal- 
cium channel blockers and digoxin may be useful in com- 
bination to control atrial fibrillation, their additive effects 
on AV node conduction can result in complete heart block. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: 

There have been no long-term studies performed in 

animals to evaluate carcinogenic potential. 

Pregnancy: Teratogenic Effects: Pregnancy Category C. 

Digoxin should be given to a pregnant woman only if 

clearly needed. 

Nursing Mothers: Caution should be exercised when 

digoxin is administered to a nursing woman. 

ADVERSE REACTIONS: The frequency and severity of 

adverse reactions to digoxin depend on the dose and route 

of administration, as well as on the patient's underlying 
disease or concomitant therapies (see PRECAUTIONS 
section). The overall incidence of adverse reactions has 
been reported as 5 to 20%, with 15 to 20% being consid- 
ered serious (1 to 4% of patients receiving digoxin). Car- 
diac toxicity accounts for about one-half, gastrointestinal 
disturbances for about one-fourth, and CNS and other 
toxicity for about one-fourth of these adverse reactions. 

Adults: 

Cardiac—Unifocal or multiform ventricular premature 

contractions, especially in bigeminal or trigeminal 

patterns, are the most common arrhythmias associated 
with digoxin toxicity in adults with heart disease. Ventricu- 
lar tachycardia may result from digitalis toxicity. Atrioven- 
tricular (AV) dissociation, accelerated junctional (nodal) 
rhythm and atrial tachycardia with block are also common 
arrhythmias caused by digoxin overdosage. Excessive 
slowing of the pulse is a clinical sign of digoxin over- 
dosage. AV block (Wenckebach) of increasing degree may 
proceed to complete heart block. 

Note: The electrocardiogram is fundamental in 
determining the presence and nature of these 
Cardiac disturbances. 

Gastrointestinal—Anorexia, nausea, vomiting and less 

commonly diarrhea are common early symptoms of over- 

dosage. Uncontrolled heart failure may also produce such 
symptoms. 

CNS— Visual disturbances (blurred or yellow vision), 

headache, weakness, apathy and psychosis can occur. 

Other— Gynecomastia is occasionally observed. 

Infants and Children: Toxicity differs from the adult in a 

number of respects. Anorexia, nausea, vomiting, diarrhea 

and CNS disturbances may be present but are rare as initial 
symptoms in infants. Cardiac arrhythmias are more reli- 
able signs of toxicity. Digoxin in children may produce any 
arrhythmia. The most commonly encountered are conduc- 
tion disturbances or supraventricular tachyarrhythmias, 

Such as atrial tachycardia with or without block, and junc- 

tional (nodal) tachycardia. Ventricular arrhythmias are less 

common. Sinus bradycardia may also be a sign of impend- 
ing digoxin intoxication, especially in infants, even in the 
absence of first degree heart block. Any arrhythmia or 
alteration in cardiac conduction that develops in a child 
taking digoxin should initially be assumed to be a conse- 
quence of digoxin intoxication. 
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SYSTEMIC HYPERTENSION ; 


546  Echocardiographic Assessment by Computer-Assisted Analysis of Diastolic Left Ventricular Function 
and Hypertrophy in Borderline or Mild Systemic Hypertension 


VASILIOS PAPADEMETRIOU, JOHN S. GOTTDIENER, ROSS D. FLETCHER, and EDWARD D. FREIS A 


Measures of systolic and diastolic left ventricular (LV) function were examined in 7 patients with borderline hy- 
pertension and 14 patients with mild systemic hypertension. Results were compared with those in 15 normal 
subjects. The correlation of the degree of LV hypertrophy and the level of blood pressure is also examined. In- 
dexes of systolic LV function were similar between patients with hypertension and normal subjects. However, 
the peak rates of early relaxation of the LV posterior wall and the mitral valve closure rates were significantly de- 
creased in the patients with mild hypertension compared with normal subjects. In this study the degree of LV hy- 
pertrophy correlated poorly with intermittent rest blood pressure, suggesting that additional factors may play a 
role. 


551  Double-Blind Trial Comparing Labetalol with Atenolol in the Treatment of Systemic Hypertension with 
Angina Pectoris 


LARRY D. JEE and LIONEL H. OPIE | 


Theoretical arguments suggest that added vasodilation is beneficial in the management of hypertensive patients 

with angina pectoris. Atenolol (a cardioselective Ê blocker) and labetalol (a nonselective B blocker with added 
a-blocking activity) were compared in a study of 10 patients ina double-blind crossover trial in which the severi- 

ty of hypertension and angina pectoris was monitored. Labetalol (200 mg twice daily) and atenolol (100 mg once 
daily) were equivalent in blood pressure control at rest, exercise tolerance, and use of nitroglycerin, but heart J 
rates both at rest and during exercise were higher with labetalol (p <0.01). Each agent has some advantages in 

the therapy of patients with hypertension and effort angina. 


CONGESTIVE HEART FAILURE 


555 Hemodynamic and Hormonal Effects of High-Dose Transdermal Nitroglycerin in Patients with Chronic 
Congestive Heart Failure , 


URI ELKAYAM, ARIE ROTH, BORIS HENRIQUEZ, LAURA WEBER, DAVID TONNEMACHER, and 
SHAHBUDIN H. RAHIMTOOLA 


The hemodynamic effect over 24 hours of a large dose (90 mg) of nitroglycerin (NTG) given transdermally using 
a reservoir system was studied in 10 patients with severe chronic congestive heart failure. NTG therapy resulted 
in only a mild decrease in mean pulmonary artery wedge pressure, which was significant only at 2 hours (19 + 
9 mm Hg vs 27 + 6 mm Hg at baseline). No other significant hemodynamic changes were observed during NTG 
therapy. Eight of 10 patients showed more than a 2096 reduction in pulmonary artery wedge pressure; however, 
persistent effect (longer than 8 hours) was seen in only 4 patients. NTG therapy resulted in no significant 
changes in serum catecholamine levels or renin concentration. Thus, a large dose of NTG (90 mg), when given 
transdermally using a reservoir system, results in mild and mostly statistically insignificant hemodynamic and 
hormonal changes in patients with chronic severe congestive heart failure. 


560 Spectrum of Acute Hemodynamic Effects of Nifedipine in Severe Congestive Heart Failure 
URI ELKAYAM, LAURA WEBER, CHARLES McKAY, and SHAHBUDIN RAHIMTOOLA 


The acute hemodynamic effects of 20 to 50 mg of oral nifedipine were evaluated in 31 patients with severe, 
chronic congestive heart failure. The mean value of cardiac index (Cl) increased from 2.1 + 0.5 to 2.4 + 0.8 li- 
ters/min/m? (p <0.001). The individual response, however, was variable. Twenty patients had a 15% or greater 
increase in Cl (group A) and 11 had a decrease or less than a 1596 increase (group B). Six group B patients had 
substantial worsening (at least 2096) of 1 or more hemodynamic variables, including Cl, stroke volume index, 
stroke work index and mean pulmonary artery wedge pressure. A comparison of baseline rest hemodynamic val- 
ues, left ventricular ejection fraction, associated coronary artery disease, nifedipine dose, and concomitant di- 
uretic therapy revealed no significant differences between the 2 groups. Thus, nifedipine therapy is associated 
with a variable, unpredictable and occasionally unfavorable hemodynamic response. Caution and hemodynamic 
monitoring are recommended if it is used in patients with severe congestive heart failure. 


¥ Continued on page A16 
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i ft _ Enalapril reduced the frequency of premature ventricdler complexes, ventricular couplets and ventricular tachy- 


cardia in patients with congestive heart failure treated with maintenance diuretic and digoxin therapy, whereas 
~ a parallel placebo group showed no change in ectopic frequency over the same study period of 12 weeks. Enala- 

_ pril treatment was associated with significant increases in plasma potassium levels, decreases in plasma digox- 
in levels and lowering of right-sided cardiac pressures. Changes in these indexes, however, could not be related 


i _ Statistically to the concomitant decline in ventricular arrhythmias. Although the mechanisms remain to be clari- 


fied, this study showed that treatment of Ee heart. owe with enalapril reduces the Daea: of ventric- 
ular ectopic activity. | | 


| Instructions to Authors on page 570 


| CORRECTION. 


In the Ail de 1985 issue on page 180 ("Are the Findings from 

the Randomized Coronary Artery Surgery Study (CASS) of Value 

in the Management of Patients Soon After Acute Myocardial 

Infarction?” by S.H. Rahimtoola), the left ventricular ejection 

. fraction of patients in the CASS study who had impaired left 

ventricular function should read 0.35 to 0.49 instead of 0.36 to 
0. 49. 
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-. Calan plus nitrates: 
. Unique hemodynamic benefits 


ERT 


_ "It makes sense to treat those patients [with 
_ chronic stable angina]... [with] an agent 


| that ratio." 


- Calan plus nitrates: 


- of angina 
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^da Calan 7s, 
(verapamil HCI) @ 





@ increased myocardial oxygen supply — 
prevents vasoconstriction both in large 
coronary arteries and in coronary arterioles 


|. € reduced myocardial oxygen demand due to 


—a reduction in peripheral vascular 
resistance (afterload) 


—a decrease in venous return (preload) 
— 3a modest decrease in contractility 





that has a beneficial effect on both oxygen 
demand and supply, rather than a beta 
blocker which attacks just one side of 





Efficacy for all types 


“...a combination of rate-lowering vasodilator 
(verapamil...) and long-acting nitrates... .is very 

_ efficacious in patients with variant angina, angina 
of effort, and unstable angina at rest.” 
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improvement in exercise tolerance”? Aa 
X @ clinically significant improve- ` 
A ment in exercise tolerance z 
E e TRUE MTS eno ee @ clinically significant reduc- 

A maid b. _ DD tion in the number of attacks — 
NS ie E © | WI mida and the need for sublingual — 


mg/day Dose=480 | yia nitroglycerin ed 


Calan safety: * 
Favorable side-effects profile ; 


With Calan, side effects such 
as fatigue, mental depression, — 
impotence or bradycardia (heart © 
rate less than 50 beats/min) X 
seldom occur. 





In one study involving 63 
patients “verapamil therapy was . 
not discontinued in any patient — 
because of the development of 
adverse reactions.” Mi 








| TABLETS 


80 mg and 120 mg 


Cala 
-. (verapamil HCI) 


References: 


1. Hillis, D., in Hillis, D. (Moderator); Frishman, W.; Leon, M.; Packer, M.; Robertson, R. M.; Subramanian, B., and Winniford, M. (Discussants): The Expanding Role of Calcium 

Channel Blockers, 1984. 2. Subramanian, B., and others: Long-Term Antianginal Action of Verapamil Assessed with Quantitated Serial Treadmill Stress Testing, Am. J. Cardiol. 

48: 529-535 (Sept.) 1981. 3. Subramanian, B.: Long-Term Therapy of Angina with Calcium Antagonists, Cardiovasc. Rev. Rep. 4:493-497 (April) 1983. 4. Leon, M.B.: Combination Therapy 

Using Calcium-Channel Blockers and Beta Blockers in Patients with Chronic Stable Angina Pectoris, Cardiovasc. Rev. Rep. 4: 171-177 (Feb.) 1983. 5. Subramanian, V. B., and others: Rationale 

| for the Choice of Calcium Antagonists in Chronic Stable Angina: An Objective Double-Blind Placebo-Controlled Comparison of Nifedipine and Verapamil, Am. J. Cardiol. 50:1173-1179 (Nov.) 
| — 9992. 6. Weiner, D. A., and others: Efficacy and Safety of Verapamil in Patients With Angina Pectoris After 1 Year of Continuous, High-Dose Therapy, Am. J. Cardiol. 57:1251-1255 (May 1) 1983. 
7. Frishman, W. H., and others: Superiority of Verapamil to Propranolol in Stable Angina Pectoris: A Double-blind, Randomized Crossover Trial, Circulation 65 (Suppl. 1):51-59 (Jan.) 1982. 

k 8. Scheidt, S., and others: Long-Term Effectiveness of Verapamil in Stable and Unstable Angina Pectoris: One-Year Follow-Up of Patients Treated in Placebo-Controlled Double-Blind 

E Randomized Clinical Trials, Am. J. Cardiol. 50:1185-1190 (Nov.) 1982. 9. Bowles, M. J., and others: Double-blind Randomized Crossover Trial of Verapamil and Propranolol in Chronic Stable 


Angina, A Heart J. 106:1297-1306 (Dec.) 1983. 10. Product Labeling. 


. Please see following page for a brief summary of the complete prescribing information. 
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9 TABLETS 
80 mg and 120 mg 
(verapamil HCI) 


Contraindications: Severe left ventricular dysfunction 
(see Warnings), hypotension (systolic pressure <90 mm 
Hg) or cardiogenic shock, sick sinus syndrome (if no 
pacemaker is present), 2nd- or 3rd-degree AV block. 
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—— Warnings: Verapamil should be avoided in patients with 
- . severe left ventricular dysfunction (eg, ejection frac- 
_ tion 3055) or moderate to severe symptoms of cardiac 
-— failure. Control milder heart failure with optimum digital- 
T ization and/or diuretics before Calan is used. Calan may 
-Occasionally produce hypotension, usually asymptomat- 


ic, orthostatic, mild, and controlled by decrease in Calan 
-. dose. Elevations of liver enzymes have been reported. 
Four cases have been demonstrated to be produced by 
- verapamil. Periodic monitoring of liver function in pa- 
~ tients on verapamil is prudent. Patients with atrial flut- 
ter/fibrillation and an accessory AV pathway (eg, WPW 
or LGL syndromes) may develop a very rapid ventricular 
-~ fesponse after receiving verapamil (or digitalis). Treat- 
. ment is usually D.C.-cardioversion. AV block may occur 
- (3rd-degree, 0.8%). Development of marked 1st-degree 
- block or progression to 2nd- or 3rd-degree block re- 
quires reduction in dosage or, rarely, discontinuation and 
institution of appropriate therapy. Sinus bradycardia, 2nd- 
-. degree AV block, sinus arrest, pulmonary edema and/or 
_ Severe hypotension were seen in some critically ill pa- 
. tients with hypertrophic cardiomyopathy who were 
- treated with verapamil. 
—— Precautions: Verapamil should be given cautiously to 
_ patients with impaired hepatic function (in severe dys- 
... function use about 30% of the normal dose) or impaired 
renal function, and patients should be monitored for ab- 
.. normal prolongation of the PR interval or other signs of 
... overdosage. Studies in a small number of patients sug- 
= gest that concomitant use of Calan and beta-blockers 
— . may be beneficial in patients with chronic stable angina. 
... Combined therapy can also have adverse effects on car- 
ks diac function. Therefore, until further studies are com- 
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pleted, verapamil should be used alone if possible. If 
combined therapy is used, patients should be monitored 

___ Closely. Combined therapy with verapamil and propran- 
-olol should usually be avoided in patients with AV con- 
-.. duction abnormalities and/or depressed left ventricular 
function or in patients who have also recently received 
methyldopa. Chronic verapamil treatment increases se- 

- tum digoxin levels by 50% to 70% during the first week 
= of therapy, which can result in digitalis toxicity. The di- 
goxin dose should be reduced when verapamil is given, 

- and the patient carefully monitored. Verapamil may have 
. an additive hypotensive effect in patients receiving blood- 
___pressure-lowering agents. Disopyramide should not be 
~ given within 48 hours before or 24 hours after verapamil 
-. administration. Until further data are obtained, com- 
-— bined verapamil and quinidine therapy in patients with 
__ hypertrophic cardiomyopathy should probably be avoid- 
- ed, since significant hypotension may result. Adequate 
. animal carcinogenicity studies have not been performed. 
i^ One study in rats did not suggest a tumorigenic poten- 
Ir tial, and verapamil was not mutagenic in the Ames test. 
i 
f 





_ Pregnancy Category C. There are no adequate and well- 
-. controlled studies in pregnant women. This drug should 

- beused during pregnancy, labor, and delivery only if clearly 
E ... heeded. It is not known whether verapamil is excreted in 
—— breast milk; therefore, nursing should be discontinued 
_ during verapamil use. 
- Adverse Reactions: Hypotension (2.9%), peripheral 
| edema (1.7%), AV block: 3rd-degree (0.8%), bradycar- 
| dia: HR<50/min (1.1%), CHF or pulmonary edema (0.9%), 
' dizziness (3.6%), headache (1.8%), fatigue (1.1%), con- 
- stipation (6.3%), nausea (1.6%); elevations of liver en- 
- - zymes have been reported (see Warnings). The follow- 
- ing reactions, reported in less than 0.5% of patients, 

- Occurred under circumstances where a causal relation- 
_ Ship is not certain: confusion, paresthesia, insomnia, 
"somnolence, equilibrium disorders, blurred vision, syn- 
- Cope, muscle cramps, shakiness, claudication, hair loss, 
macular eruptions, spotty menstruation, ecchymosis, 
_ bruising, gynecomastia, and psychotic symptoms. Over- 
"all continuation rate was 94.5% in 1, 166 patients. 
Revised 9/84* 4W63V 
-— Address medical inquiries to: 

G.D. Searle & Co. 
~ Medical Communications Department 
_ Box 5110, Chicago, IL 60680 
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TOPICS IN | 
HYPERTENSION 


Edited by JOHN H. LARAGH, MD 








644 pages. 36 chapters by 85 internationally known specialists. 
Illustrated. Comprehensively indexed. $49.00. Available on 
30-day approval. 


High blood pressure is no longer only a problem of worldwide 
interest and relevance. It is now one in which the knowledge 
base has exploded to the point where the informed physician 
can do more and more about it in his daily practice. .. and can 
apply, to an ever-increasing extent, more sophisticated and in- 
dividually tailored therapies. 


Laragh's TOPICS IN HYPERTENSION places this kind of 
vital knowledge within instant reach of the physician. It 
presents a carefully selected array of discussions by 85 emi- 
nent specialists. It deals in depth with recent breakthroughs in 
understanding, diagnosing, and treating this problem. 


The book is conveniently organized for effective consultation 
and reading. 


Check the helpful contents... 


SECTION 1 SECTION 4 

Some Biochemical and Modes of Therapy 
Pathophysiologic Aspects PART I Beta Blockade 

SECTION 2 PART II Saralasin 

Newer Physiologic Approaches to PART III Converting Enzyme Blockade 
Diagnosis Basic and Clinical Aspects 

SECTION 3 


Clinical and Prognostic Aspects 
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! Yorke Medical Books 


Box C-757, Brooklyn, New York 11205 


Send me, on approval, ____ copies of Laragh’s Topics in Hypertension at $59.00. I will consult 
and read this new manual for 30 days, then remit only if I consider it a necessary addition to my 
library. Otherwise I will return it without further obligation. 

C Send bill, plus shipping cost (U.S. & Canada only). 

O Payment herewith. Publisher pays shipping. Same return privilege. 
O Charge my C MasterCard O Visa 
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Address 


City r0 ANT KIM SuSE MAEUEISET ee 
Customers in the following states please include applicable sales tax: CA, CT, GA, IL, MA, MI, NY, OH, PA, 
TX. All foreign orders must be prepaid in U.S. funds with a check drawn on a U.S. bank or charged to a credit 
card. Please add $5.00 per book for all orders to be shipped outside the U.S. and Canada. 
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The American Journal of CARDIOLOGY? 


CONGENITAL HEART DISEASE 


VOLUME 56 


NUMBER 8 


Cardiorespiratory Response to Exercise 


in Ebstein's Anomaly 


GERALD BARBER, MD, GORDON K. DANIELSON, MD, CHARLES T. HEISE, CRTT, 
and DAVID J. DRISCOLL, MD 


Fourteen patients with unrepalred Ebstein’s anomaly 
underwent maximal exercise testing between Oc- 
tober 1982 and April 1984. Compared with control 
subjects, these patients had slgnificantly lower 
values for total work performed, exercise time, 
maximal oxygen uptake, blood oxygen saturation 
at rest and during exercise, and heart rate and 
systolic blood pressure during maximal exercise. 


Patients with Ebstein's anomaly often have significant 
dyspnea and easy fatigability.!-? One report! stated that 
there was no correlation between the degree of cyanosis 
and exercise intolerance. This claim is supported only 
bya retrospective study,* based on review of the records 
of 3 patients after postmortem diagnosis of Ebstein's 
anomaly. The precise level of exercise intolerance has 
not been documented by formal exercise testing. This 
study of patients with Ebstein's anomaly was under- 
taken to determine their degree of exercise intolerance, 
the relation of degree of exercise intolerance to age, 
degree of cardiomegaly, systemic arterial blood oxygen 
saturation and pulmonary blood flow at rest, the effect 


From the Division of Pediatric Cardiology, Sectlon of Thoracic and 


Cardiovascular Surgery, and the Pulmonary Functlon Laboratory, Mayo 
Clinic and Mayo Foundation, Rochester, Minnesota. Manuscript received 
January 11, 1985; revised manuscript received April 15, 1985, accepted 
April 22, 1985. 

Address for reprints: David J. Driscoli, MD, Division of Pediatric 
Cardiology, Mayo Clinic, 200 First Street, SW, Rochester, Minnesota 
55905. 
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They had a significant increase in heart rate at rest. 
The ventilatory equivalent for oxygen was Increased 
significantly both at rest and during exercise. Thus, 
patients with Ebstein's anomaly have decreased 
exercise tolerance owing to both cardiac and res- 
piratory limitations. 


(Am J Cardiol 1985;56:509-514) 


of exercise on heart rate and blood pressure, the pattern 
of exercise ventilation and its relation to exercise 
intolerance, and the incidence of arrhythmia during 
exercise. 


Methods 


Patients: Patients older than 5 years who had Ebstein’s 
anomaly, evaluated at our institution between October 1982 
and April 1984, were included in the study. The diagnosis of 
Ebstein’s anomaly was established by 2-dimensional echo- 
cardiography and confirmed at operation in each case. No 
patient had significant pulmonary stenosis. 

Protocol: Before exercise testing, a chest roentgenogram 


was taken for each patient to de CUERO cardiothoracic 
ratio. 

"Thirteen of the 14 nes rweit.Spirometry before 
exercise testing. The for FAT capacity, fércéd expiratory 
volume in 1 second and malvoluntaby ve lation were 
measured. 7 Sx. 

Heart rate, respiratory Nate “slectrscag gram, blood 
pressure, oxygen consumption, carbén dioxide production and 
minute ventilation were measure eet an and during each 
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510 EXERCISE AND EBSTEIN'S ANOMALY 








TABLE! Results of Exercise Testing 
Blood Oxygen Saturation : 
š ] (96) Qp Exerclse Ve$ 
Age Total Work Exerciso Vos max, (liter/ Heart Rate f 
Pt (yr) (kpm)* Time (min)* (liters/mln)*:* Rest Exerclse min/m?)t (beats/min)* Voz mae 
1 7 368 (1796) 2.0 (2896) 0.418 (3796) 75 42 2.3 169 (8996) 69 
2 9 1,012 (35%) 4.2 (5596) 0.643 (4896) 92 84 E 139 (7296) 43 
3 10 514 (1896) 2.8 (3696) 0.498 (4196) 72 62 1.9 141 (7396) 82 
4 11 1,042 (2796) 4.0 (4996) 0.785 (5196) 66 57 1.1 184 (83%) 50 
5 11 748 (15%) 3.4 (37%) 0.541 (27%) 84 65 1.0 119 (63%) 72 
6 13 1,777 (19%) 5.5 (4196) 1.162 (4896) Tm TM 1.7 145 (7496) 46 
7 13 1,532 (51%) 5.0 (7096) 0.772 (4196) 95 92 2.0 163 (87 96) 50 
8 13 213 (896) 1.2 (1496) 0.392 (2696) 80 66 0.8 134 (67 96) 95 
9 13 1,826 (47%) 5.6 (69%) 0.949 (4896) 91 78 1.8 162 (8296) 51 
10 15 2,022 (2196) 6.0 (4596) 1.100 (3996) 87 66 1.6 162 (8296) 45 
111 15 3,536 (3296) 7.9 (5496) 1.500 (5596) 97 95 2.0 175 (9196) 45 
12 23 1,042 (1796) 4.0 (3896) 0.407 (1896) 90 69 2.6 141 (7196) 85 
13 23 4,413 (7196) 9.0 (8596) 1.900 (8896) 98 98 3.5 187 (9496) 53 
14 23 2,022 (1396) 6.0 (3696) 0.900 (2996) 86 62 1.4 180 (8196) 89 


* |n parentheses, percentage of predicted norma! based on sex, height and body surface area. 


T Maximal oxygen uptake. 
t Pulmonary blood flow at rest. 


$ Minute ventilation divided by oxygen uptake during maximal exercise. 


intact atrial septum. 


workload during the exercise test. Three electrocardiographic 
leads were monitored at all times and a 12-lead electrocardi- 
ogram was recorded at rest and at each workload. Blood 
pressure was measured by using a programmable air com- 
pression cuff system (Narco Systems PE-300) with a cuff of 
appropriate size. Mixed expiratory oxygen and carbon 
dioxide were measured with a mass spectrometer (Centronic 
200 MGA). Flow was measured as expired gas passed through 
a pneumotachograph (Fleisch no. 3) connected to a pressure 
transducer (Validyne DP 45). Volume was measured by 
electronically integrating the flow signal. Blood oxygen sat- 
uration was measured by an ear oximeter (Hewlett-Packard 
no. 47201 A). An acetylene-helium rebreathing technique was 
used to measure the pulmonary blood flow in 13 of the 14 
patients at rest, seated on the cycle ergometer.® 

Exercise was performed on a previously calibrated cycle 
ergometer (Siemans-Elema 380 B) according to the protocol 
described by James et al.” Only tests that were believed to 
represent a maximal effort were included in the study. 

Data analysis: T'he results of the exercise tests were ana- 
lyzed by comparing them with the normal values previously 
published by James et al^? and with the values from 22 control 
subjects in our laboratory. (For the 22 control subjects mean 
values were: age, 12 years; weight, 51 kg; height, 156 cm; and 
body surface area, 1.45 m?.) 

Statistical analysis: The 2-tailed unpaired Student t test, 
Fisher's exact probability and linear regression were used in 
statistical analysis. A p value «0.05 was considered significant. 
All data are expressed as mean + standard deviation. 


Results 


Clinical features: Fourteen patients (10 female, 4 
male) with Ebstein's anomaly underwent maximal ex- 
ercise testing during the period of the study. They were 
7 to 23 years old (mean 14). Mean weight was 48 
kg, height 156 cm and body surface area 1.45 cm?. 
Weight, height and body surface area were not sig- 
nificantly different between patients and control 
subjects. 

Two of the patients had undergone a previous 
Waterston shunt procedure and 2 others had had a 
Glenn shunt, 'T'hree of these operations were performed 
in the neonatal period and the fourth was performed 
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before age 3 years. Thirteen of the 14 patients had either 
an atrial septal defect or a patent foramen ovale. 

Four patients had first-degree atrioventricular block 
and right bundle branch block, 2 had first-degree 
atrioventricular block and ventricular preexcitation, 1 
had first-degree atrioventricular block alone, 2 had right 
bundle branch block alone and 2 had ventricular 
preexcitation alone. 

Spirometry: Maximal voluntary ventilation was 96 
+ 14% of predicted normal and forced vital capacity was 
85 + 16% of predicted normal. The 4 patients who had 
previously undergone thoracotomy had a significantly 
(p «0.005) lower forced vital capacity (68 + 9% of pre- 
dicted normal) than the 9 patients who had not under- 
gone thoracotomy (93 + 1296). The ratio of forced ex- 
piratory volume in 1 second to forced vital capacity was 
90 + 8%; only 1 of the 13 patients who underwent 
preexercise spirometry had a ratio of less than 80%. 

Exercise capacity: All patients exercised to ex- 
haustion as indicated by audible ventilation and in- 
ability to maintain a pedaling frequency of 60 rpm. No 
patient had chest pain, syncope or other adverse effect 
from exercise testing. 

'Table I is a summary of the results of exercise testing 
for the 14 patients. T'otal work performed ranged from 
6 to 71% of predicted normal. In 18 of the 14 patients, 
total work performed was less than 65% of predicted 
normal, which is the lower limit of normal in our labo- 
ratory. Maximal power achieved ranged from 23 to 86% 
of predicted normal. The lower limit of normal for 
maximal power in our laboratory is 7096 of predicted 
normal; this level was achieved by only 3 of the 14 pa- 
tients. Total exercise time ranged from 14 to 85% of 
predicted normal. Only 1 of the 14 patients exercised 
to at least 75% of predicted normal, the lower limit of 
normal for our laboratory. Maximal oxygen uptake 
ranged from 18 to 8896 of predicted normal. Only 1 of the 
14 patients achieved 80% of predicted maximal oxygen 
uptake, the lower limit of normal for our laboratory. As 
percentages of predicted normal, mean total work per- 
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FIGURE 1. Relation between blood oxygen saturation and total work, expressed as percentage of predicted normal, for patients with Ebstein's 
anomaly. Left, at rest: % = 1.1 (saturation at rest) —63; r = 0.58, p «0.05. Right, during exercise: % = 0.85 (saturatlon during exercise) —33; 


r = 0.76; p «0.005. 


formed (28 + 18%), mean maximal power achieved (55 
+ 20%), mean total exercise time (47 + 19%) and mean 
maximal oxygen uptake (43 + 17%) were all significantly 
(p <0.001) lower than the values in the 22 control 
subjects. 

Effect of age on exercise tolerance: No correlation 
was found between age at time of test and exercise tol- 
erance (r = 0.22, p = 0.46) for the 14 patients with Eb- 
stein's anomaly. 

Degree of cardiomegaly and exercise tolerance: 
The cardiothoracic ratio ranged from 0.44 to 0.74 (mean 
0.6 + 9). There was no correlation between cardiotho- 
racic ratio and exercise tolerance (r = —0.09, p = 0.74). 

Degree of hypoxemia and exercise tolerance: 
Blood oxygen saturation was measured in 12 of the 13 
patients with Ebstein's anomaly who had an interatrial 
communication. Áll had hypoxemia at rest and during 
exercise. Mean arterial oxygen saturation at rest (85 + 
10%) and during exercise (70 + 16%) were significantly 
(p <0.001) lower for these patients than for control 
subjects. 'The patient with an intact atrial septum had 
no hypoxemia either at rest or during exercise. Blood 
oxygen saturation both at rest and during exercise 
correlated positively with exercise tolerance (Fig. 1). 

Pulmonary blood flow and exercise tolerance at 
rest: When measured at rest in 13 of the 14 patients, 
pulmonary blood flow ranged from 0.9 to 3.5 liters/ 
min/m? (mean 1.8). Exercise tolerance correlated pos- 
itive so i pulmonary blood flow at rest (Fig. 2). 

rt rate and blood pressure response: Heart 
rate at rest ranged from 70 to 171% of predicted normal. 
The normal range heart rate at rest in our laboratory is 
70 to 130% of predicted normal for age. Four of the 14 
patients had a heart rate at rest that exceeded the upper 
limit of normal and 2 had a heart rate at rest below the 
lower limit of normal. Mean heart rate at rest was sig- 
nificantly (p <0.01) greater for patients (115 + 26% of 
predicted normal for age) than for control subjects. 
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Maximal heart rate during exercise ranged from 63 
to 94% of predicted normal. Six of the 14 patients had 
a maximal heart rate during exercise of less than 80% 
of predicted normal, the lower limit of normal for our 
laboratory. Mean maximal heart rate during exercise 
(80 + 10% of predicted normal) was significantly (p 
<0.001) less than that for control subjects. 

Mean systolic blood pressure at rest (92 + 7% of 
predicted normal) and diastolic blood pressure (102 + 
17% of predicted normal) were similar to those of control 
subjects. No patient had a systolic blood pressure at rest 
outside the range of normal for our laboratory. Two of 
the 14 patients had a diastolic blood pressure at rest 
exceeding the normal value for their age. Systolic blood 
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FIGURE 2. Relation between pulmonary blood flow index at rest and 
total work performed, expressed as a percentage of predicted normal, 
for patients with Ebstein's anomaly. % = 17.2 (pulmonary blood flow 
index at rest) —4.2; r — 0.86, p «0.01. 
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pressure during exercise ranged from 65 to 96% of pre- 
dicted normal. Seven patients had a systolic blood 
pressure during exercise of less than 7596 of predicted 
normal, the lower limit of normal for our laboratory. 
Mean systolic blood pressure during exercise (76 + 10% 
of predicted normal) was significantly (p <0.001) less 
than that of control subjects. Mean diastolic blood 
pressure during exercise (95 4: 19% of predicted normal) 
was not significantly different from that of control 
subjects. However, 4 patients had a diastolic blood 
pressure during exercise that exceeded the upper limit 
of normal for our laboratory; 1 of these was 1 of the 2 
patients who had an increased diastolic blood pressure 
at rest. 

Exercise ventilation: The ventilatory equivalent for 
oxygen was significantly greater for patients with Eb- 
stein’s anomaly than for control subjects, both at rest 
and during exercise (Fig. 3). The ratio of minute venti- 
lation at rest to maximal voluntary ventilation at rest 
was significantly greater (p <0.05) in patients with 
Ebstein’s anomaly (15 + 4%) than in control subjects (11 
+ 5.3%) (Fig. 4). However, the ratio of minute ventila- 
tion during maximal exercise and maximal voluntary 
ventilation at rest was significantly (p <0.01) lower in 
patients (52 + 14%) than in control subjects (68 + 17%). 
This occurred because patients with Ebstein’s anomaly 
had a lower maximal oxygen uptake than did control 
subjects. For any given level of oxygen uptake, patients 
had a greater ratio of minute ventilation to maximal 
voluntary ventilation than did control subjects. For 
patients with Ebstein’s anomaly to have achieved the 
same level of oxygen uptake as control subjects, they 
would have had to exceed their maximal voluntary 
ventilation. 

Exercise electrocardiography: No exercise tests 
were terminated because of an arrhythmia. Four pa- 
tients showed preexcitation on their electrocardiogram 
at rest. There was no statistically significant difference 
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FIGURE 3. Mean (+ standard deviation) ventilatory equivalent for oxygen 
at rest and during exercise (Vs/Vo,, for 14 patlents with Ebstein's 
anomaly (broken line) and 22 control subjects (solid line). * p «0.05; 
t p «0.001. 


in exercise tolerance between these 4 patients with and 
the 10 patients without preexcitation. One of the pa- 
tients with preexcitation had supraventricular tachy- 
cardia (170 beats/min) during exercise. There were no 
complications from this tachycardia and it reverted 
spontaneously after exercise. The delta wave disap- 
peared during exercise in another patient with preex- 
citation. It returned with slowing of heart rate after 
exercise. A third patient with ventricular preexcitation 
had a brief episode of ventricular bigeminy 2 minutes 
after completion of exercise. One of the patients without 
preexcitation had bigeminy during exercise and this 
resolved after exercise. Because of the presence of either 
preexcitation or right bundle branch block, ST-segment 
changes could not be evaluated in 11 of the patients. In 
the 3 patients in whom ST segments could be evaluated, 
no ST-segment depression was seen either at rest or 
during exercise. 


Discussion 


Estimates of exercise tolerance overestimate mea- 
sured capacity in children.9?-1! Therefore, detailed ex- 
ercise testing 18 necessary for adequate evaluation of 
the exercise tolerance of children with congenital 
heart disease. Exercise testing also is helpful in 
evaluating patients' responses to various therapeutic 
interventions. 

Exercise tolerance: This study shows that patients 
with Ebstein's anomaly have a significant reduction of 
exercise tolerance that is unrelated to age. The inability 
to show an effect of age on exercise tolerance-—unlike 
that reported by Driscoll et al!? in patients with 
"functional single ventricle"— may be a result of the 
wide spectrum of severity of Ebstein's anomaly and 
small sample size. It is unknown whether patients with 
Ebstein's anomaly would show a progressive decline 
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FIGURE 4. Relation between minute ventilation, expressed as per- 
centage of maximal voluntary ventilation (V./MVV), and oxygen uptake 
(Vo,), expressed as percentage of predicted maximal oxygen uptake 
(Vo, max), for patlents with Ebstein's anomaly (broken Ine) and control 
subjects (solld line) at rest and during exercise. Results are mean + 
standard deviation. * p «0.001. 
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in exercise tolerance with increasing age if tested 
serially. 

The degree of cardiomegaly in Ebstein’s anomaly is 
correlated with survival. +3 The degree of cardiomegaly 


was not correlated with exercise tolerance in this study.. 


However, most of our patients had marked cardio- 
megaly and only 3 had a cardiothoracic ratio of less than 
0.55. Thus a relation between cardiothoracic ratio and 
exercise tolerance may exist, but was not apparent in 
this study because few patients had mild disease. 

The reduction in exercise tolerance was related to 
systemic arterial blood oxygen saturation both at rest 
and during exercise and to pulmonary blood flow at rest. 
This correlation between exercise tolerance and pul- 
miner blood flow is similar to that shown for cyanotic 
pal ients with tetralogy of Fallot? and functional single 
ventricle. 

Heart rate and blood pressure response during 
exercise: Our patients with Ebstein’s anomaly had 
tachycardia at rest. A similar tachycardia at rest has 
been noted in patients with tetralogy of Fallot.!° This 
tachycardia may represent an adaptation to maintain 
tissue oxygen supply in the presence of chronic hypox- 
emia. The maximal heart rate during exercise was sig- 
nificantly less than in control subjects. It has been 
shown that hypoxia may decrease the maximal heart 
rate response to exercise.1?14 Patients with tetralogy of 
Fallot?! and functional single ventricle! have a similar 
blunted heart rate response to exercise. In our patients 
with Ebstein’s anomaly, however, there was no corre- 
lation between heart rate during maximal exercise and 
systemic arterial blood oxygen saturation during exer- 
cise (r = 0.27, P = 0.37). Thus, hypoxemia probably is 
not the only cause of the blunted heart rate response 
to exercise in patients with cyanotic congenital heart 
disease. 

Unlike patients with functional single ventricle,!? 
patients with Ebstein's anomaly have a significantly 
decreased blood pressure response to exercise. However, 
because patients with Ebstein's anomaly and patients 
with functional single ventricle have similar reductions 
in heart rate during maximal exercise, the abnormal 
blood pressure response must be the result of reduced 
stroke volume response or an abnormally reduced sys- 
temic vascular resistance in patients with Ebstein's 
anomaly. This may be the result of interference with 
cardiac output during maximal exercise, caused 
by significant iricuspid insufficiency with either a 
restrictive atrial septal defect or an intact atrial 
septum. 

Exercise ventilation: Similar to results of previous 
studies of patients with tetralogy of Fallot}®!115 and 
functional single ventricle,!? we find that patients 
with [Ebstein's anomaly ventilate excessively, both at 
rest and during exercise. This hyperventilation has 
been attributed to a true or relative hypercapnia by 
Shephard.!® He found a decreased carbon dioxide 
concentration in arterial blood but increased concen- 
trations in tissue. Strieder et al!" found increased dead 
space ventilation and increased arterial-alveolar gra- 
dient for partial pressure of carbon dioxide in patients 
with cyanotic congenital heart disease. They believed 


that this inability to eliminate carbon dioxide appro- 
priately may result in stimulation of an already over- 
worked respiratory center and interference with buf- 
fering of the lactic acid produced during exercise. 

The forced vital capacity was abnormal in 5 of the 14 
patients. Patients with tetralogy of Fallot? and func- 
tional single ventricle!? have decreased forced vital 
capacity. This may represent restrictive lung disease 
from prior thoracotomy or from pulmonary congestion 
(patients with aortopulmonary anastomosis) or both. 
Four of the 5 patients in this study who had decreased 
forced vital capacity has previously undergone thora- 
cotomy (p «0.005). 

Exercise electrocardiography: Exercise testing 
may be useful in provoking and documenting supra- 
ventricular tachycardia in patients with Ebstein’s 
anomaly who have a history suggestive of tachycardia. 
Supraventricular tachycardia was provoked by exercise 
testing in 1 of 4 patients with Ebstein's anomaly and 
ventricular preexcitation. Whether supraventricular 
tachycardia can be provoked consistently by exercise 
in some patients and whether, in these patients, exercise 
testing can be used to evaluate response to antiar- 
rhythmia therapy is unknown. 

Conclusions: Patients with Ebstein's anomaly have 
a significantly decreased exercise tolerance. À combi- 
nation of cardiac, respiratory and metabolic factors 
probably accounts for this severe limitation. Besides 
an abnormality of the tricuspid valve, patients with 
Ebstein's anomaly frequently have abnormalities of the 
right ventricular myocardium!? and of left ventricular 
function.1?29 Peripheral tissue oxygenation may be 
limited because of decreased pulmonary blood flow and 
the presence of a right-to-left shunt in patients with an 
interatrial communication. Hyperventilation at rest and 
during exercise imposes an additional workload on cy- 
anotic patients with Ebstein's anomaly, which con- 
tributes to limited maximal oxygen uptake and exercise 
intolerance. 
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Influence of the Two-Stage Anatomic Correction 
of Simple Transposition of the Great Arteries 
on Left Ventricular Function 


HANS H. SIEVERS, MD, PETER E. LANGE, MD, DIETRICH G.W. ONNASCH, PhD, 
ROSEMARY RADLEY-SMITH, MD, MAGDI H. YACOUB, FRCS, PAUL H. HEINTZEN, MD, 
DIETER REGENSBURGER, MD, and ALEXANDER BERNHARD, MD 


To evaluate the influence of the 2-stage anatomic 
correction of simple transposition of the great ar- 
terles on left ventricular (LV) functlon, pressure and 
anglocardlographic volume data were analyzed 
during resting conditlons shortly before banding of 
the pulmonary trunk (n = 12) and before (n = 17) 
and after anatomic correction (n = 11), and com- 
pared with data from controls (n = 12). Age at 
banding and anatomic correction was between 1 
and 44 months (mean 16 + 10) and between 13 and 
47 months (mean 24 + 10), respectively. The in- 
terval between anatomic correction and the Inves- 
tigation ranged from 10 to 29 months (mean 20 + 
7). After banding, LV ejection fraction decreased (p 
<0.01) and LV peak systolic pressure (p <0.01) as 
well as LV end-diastolic pressure (p <0.05) in- 
creased. After anatomic correction, these varlables 


Anatomic correction provides a logical and direct 
method of treatment for transposition of the great ar- 
teries.}-? Its potential limitations have been reported.? 
One of them relates to the fate of left ventricular (LV) 
function, especially in patients with simple transposi- 
tion. In these patients, a rapid diminution of LV muscle 
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and LV end-systollc wall stress were not significantly 
different from control values. The LV end-systolic 
wall stress-ejection fraction relation In 7 of 11 pa- 
tients after anatomic correction was within control 
range. The highest values were found In the youn- 
gest patients at banding and at anatomic correction. 
In contrast to measures of global myocardial func- 
tion, such as LV ejection fraction and LV end-dia- 
stolic pressure data, the LV end-systolic stress- 
ejection fraction relation suggest that LV function 
may not be normal In some patients 20 months after 
anatomic correction. Young age at operation, 
however, appears to be advantageous in preserving 
LV function. Hemodynamic alterations after banding 
probably reflect LV adaptation to systemic pressures 
in a hypoxemic circulatlon. 

(Am J Cardiol 1985;56:5 14-519) 


mass occurs soon after birth, depending on the decrease 
in pulmonary vascular resistance,? leaving the left 
ventricle incapable of supporting the systemic circula- 
tion.^* Redevelopment of the left ventricle by banding 
of the pulmonary trunk has proved effective in pre- 
paring it for anatomic correction.59 Both surgical stages 
alter LV load and may affect LV function. In this study 
we attempted to increase knowledge of the behavior of 
LV function during and after this 2-stage procedure by 
analyzing pressure and angiocardiographic volume data 
in our patients shortly before banding (n = 12) as well 
as before (n = 17) and after anatomic correction (n = 
11). Values were compared with those of 12 control 
subjects. 


Methods 


Prebanding investigation group: Pressure and angio- 
cardiographic volume data before banding were available in 
3 female and 9 male patients (Tables I and II). Two patients 
With a hemodynamic insignificant ventricular septal defect 
were included. One patient (H.S.) underwent atrioseptectomy 
before banding. The oxygen saturation was between 58% and 
75% (mean 67 + 7%). 

Postbanding investigation group: Pressure and angio- 
cardiographic volume data between banding and anatomic 
correction were available in 17 patients (4 girls and 13 boys, 
Tables I and II). The aortic oxygen saturation ranged from 58 
to 86% (mean 71 + 9%). Banding of the pulmonary trunk was 
performed as described previously.5 The band was tightened 
tolachieve a pulmonary artery pressure proximal to the band 
of at least two-thirds of the systemic pressure. Àn additional 
systemic-to-pulmonary artery shunt was created in 6 patients 
H.S., H.U., P.D., R.S., S.M., and A.M.) at the time of banding. 
The primary indication for this shunt was a relatively low total 
pulmonary blood flow. In the last 3 years, however, it was 
performed more often in conjunction with a tighter 
banding. 

Postanatomic correction investigation group: Pressure 
and angiocardiographic volume data after anatomic correction 
were available in 3 girls and 8 boys (Tables I and IT). Data from 
7 of these patients are also included in the pre- and post- 
banding investigation group. The aortic oxygen saturation 
ranged from 97% to 98% (mean 98 + 1%). In all patients ana- 
tomic correction was carried out according to the technique 
reported previously.’ To bridge the gap between the aortic 
root and the pulmonary bifurcation, a tube of dura mater (n 
= 7) was used or a direct connection® was performed (n = 4). 
Standard cardiopulmonary bypass with the aid of a bubble 
oxygenator was used in deep hypothermia (14 to 20°C, naso- 
pharyngeal temperature) in all 10 patients, together with 
circulatory arrest in 1 (47 minutes). After clamping the aorta, 
20 ml/kg body weight of 4°C cold cardioplegia (20 mmoles 
potassium chloride in 1,000 ml Ringer’s solution) was instilled. 
Bypass time ranged from 142 to 187 minutes (mean 157 + 8) 
and aortic cross-clamp time from 64 to 107 minutes (mean 76 
+ 15). One month to 5 years after anatomic correction all pa- 
tients were in excellent physical condition. The electrocar- 
diogram showed sinus rhythm in all patients, except 1, who 
had occasional tachybradyarrythmias that had started before 
banding. One patient had a right bundle branch block and a 
right ventricular peak systolic pressure of 130 mm Hg, re- 
sulting from a stenosis in the dura mater tube, which was 
positioned on the right side of the ascending aorta.? In all 
patients systolic murmurs thought to originate from the right 
ventricular outflow tract, and in 1 patient with a hemody- 
namic insignificant ventricular septal defect and a trivial 


aortic insufficiency, a diastolic murmur was present. On an- 


giocardiography, a trivial aortic insufficiency was observed. 


in 5 patients. Valvular, supravalvular aortic stenosis or nar- 
rowing or kinking at the proximal part or orifice of the coro- 
nary arteries were not found. At catheterization, no systolic 
pressure gradient between left ventricle and the ascending 


a | was measured. 


Control subjects: Twelve children served as control. 


subjects (Tables I and II). Most of them had heart murmurs 
or abnormal results on electrocardiography, but no atrio- 
ventricular conduction disturbances. At catheterization of the 
right and left sides of the heart, the pulmonary artery and the 
ascending aorta, no hemodynamic or morphologic abnor- 
malities were found. 

Catheterization and data acquisition: The patients were 
in a fasting state in the supine position during study. 
Premedication was previously described in detail.’° Pres- 
sures pee obtained using a side-hole catheter (NIH 5F-7F), 
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connected to Statham P23Db transducer (Statham Instru- 
ments). Zero pressures were referenced to the level of the 
venae cavae in the lateral projection. The basis for the deter- 
mination of volume data were biplane videoangiocardiogra- 
phic projections of the left ventricle (posteroanterior and 
lateral). These projections were displayed on a TV monitor 
side by side and recorded on videotape at 50 frames/s after 
selective injection of 76% Urografin? (Schering AG) into the 
left ventricle (1 ml/kg body weight). Techniques of volume 
determination and calibration were previously reported in 
detail.!° Largest (end-diastolic) and smallest (end-systolic) 
volumes were calculated using the area-length method and 
corrected with factors appropriate for position and cardiac 
phase.!! Volumes were normalized for body surface area to the 
power of the corresponding exponent of the exponential 
relation between volumes and body surface area in normal 
subjects.!?^ Ventricular diameters for determination of the 
end-systolic stress were obtained from the traced contours in 
posteroanterior projection.! Extra- and postextrasystolic 
beats were excluded. Wall thickness was measured at the lower 
half of the left cardiac border in the angiographic posteroan- 
terior projection.1? 

The Hugenholtz approximation? was used to determine 
LV end-systolic wall thickness. LV end-systolic circumfer- 
ential midwall stress was calculated according to the ap- 
proximation of Mirsky!*: ESS = P (B/HES) (1 - HES/2B — 
B?/28?), where ESS = end-systolic circumferential midwall 
stress, P = LV end-systolic pressure, HES = LV end-systolic 
wall thickness, and a and b = LV end-systolic hemimajor and 
hemiminor axes, respectively, at the midwall. The LV end- 
systolic wall stress was converted to dynes cm? by multiplying 
by 1,832 dynes/cm? X mm Hg. The LV ejection fraction was 
calculated as ((EDV — ESV)/EDV], where EDV and ESV are 
the LV end-diastolic and LV end-systolic volumes. 

Statistics: Data are presented as individual data points as 
well as mean + standard deviation. Comparisons of means of 
total patient groups were performed by first testing overall 
differences based on the analysis of variance. Then, the dif- 
ferent groups were identified by modified ¢ test applying the 
Bonferroni procedure to determine the critical t values.!° The 
3 stages of the 7 serial patients were compared by using the 
paired t test. LV end-systolic stress-ejection fraction relation 
data outside the control range (+2 standard deviations, Fig. 
1) were considered abnormal. 


Results 


Individual and summarized clinical data, as well as 
LV pressure, volume and wall stress data at different 
investigations during the course of the 2-stage anatomic 
correction, and data from controls are listed in Tables 
I and Il. Heart rate and normalized LV end-diastolic 
volume were not significantly different in the 3 patient 
groups (serial, total or controls). The LV ejection frac- 
tion in serial patients significantly decreased after 
banding when compared with prebanding or control 
levels. After anatomic correction the LV ejection frac- 
tion was not significantly different from control. The 
LV peak systolic pressure increased after banding to 
control or values after anatomic correction. The LV 
end-diastolic pressure was significantly higher after 
banding when compared with control and decreased to 
control levels after anatomic correction. At the post- 
banding investigation, patients with a shunt had an 
aortic oxygen saturation of 77 + 6%, a normalized LV 
end-diastolic volume of 79 + 26 m]/m?1-2 and a LV 
end-diastolic pressure.of 12 + 3 mm Hg compared with 
74 + 896, 72 + 13: ml/m? 1-2? and 11 + 4 mm Hg in pa- 
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body surface area; EDP 
end-systollc pressure; ESS 
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body surface area to the power of 1.22; EF = ejection fraction; ESP = 


PSP 


banding of the pulmonary trunk 


anatomic correction; B. 


AC = 


peak systolic pressure. 
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tients without a shunt. Figure 1 illustrates a good linear 
correlation between the LV ejection fraction and LV 
end-systolic wall stress for individual data points in the 
control group. After anatomic correction (Fig. 1), 7 of 
11 data points were within control limits. The mean age 
at banding and anatomic correction of 5 patients closest 
to the regression line of controls (Fig. 1) was 10 + 3 and 
15 + 2 months, respectively, compared with 24 + 12 and 
30 + 10 months in the other 6 patients. 


Discussion 


Methods: Digoxin was administered prophylactically 
during the phase of assumed postoperative adaptation. 
All patients at the time of postbanding investigation and 
8 patients (B.A., A.N., B.F., S.B., L.A., B.B., R.S., and 
A.M.) during the study after anatomic correction re- 
ceived digoxin; none had signs of cardiac failure. The 
influence of this positive inotropic drug on LV end- 
systolic stress—ejection fraction relation was not de- 
termined in this study. However, Gunther and Gross- 
man!® reported that the calculated regression 
coefficients for LV ejection fraction vs LV mean midwall 
circumferential stress were identical in patients with 
aortic stenosis who did or did not take digoxin, 
suggesting similar contractile states. 

Determination of exact pressure-volume relations 
requires simultaneous measurements of both variables. 
In routine clinical pediatric angiocardiographic studies, 
these conditions are difficult to fulfill if 1 catheter is 
used for both pressure recording and injection of con- 
trast medium. Therefore the LV pressures were aver- 
aged from the last recorded 5 beats before injection. 

The time delay in LV pressure measured by a mi- 
cromanometer-tipped system and fluid-filled catheters 
in our diagnostic equipment was between 10 and 15 ms. 
A correction in time lag was not used, since this delay 
does not significantly alter the relation of pressure to 
volume and end-systole.!? 

Simultaneous recording of the electrocardiogram and 
videoangiocardiogram, as well as the electrocardiogram 
and pressure, allowed for synchronization of LV pres- 
sure and corresponding diameter at end-systole, al- 
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FIGURE 1. Left ventricular end-systollc wall stress-ejection fraction 
relation in patients with simple transposition of the great arteries (TGA) 
10 to 29 months after anatomic correction (AC). Seven of 11 patients 
have values within contro! limits (+2 standard deviations). 
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TABLE If Summary of Clinical and Left Ventricular Hemodynamic and Stress Data in Patients with Transposition of the . 
Great Arterles at Different Stages of Anatomic Correction and In Control Subjects 





* p <0.01; ! p «0.05. 


. Investigation Investigation ` Investigation 
: Before Banding After Banding After Switch 
Controi Total Serial Total Serial Total Seríal 
(n = 12) (n = 12) (n = 7) (n = 17) (n = 7) (n = 11) (n = 7) 
Age (mo) 105 + 58 14+ 10 17+ 13 22 + 10 26 + 10 44 +10 45 + 10 
: 2 — 1" 2—41* o= 1" oT 4 — 1" & — 1* 
3 — 2 NS 3—2* 4 — 2 NS 4 — 2* 
4 — 3 NS 4 -= 3* 
BSA (m?) 1.02 + 0.39 0.40 + 0.07 0.42 + 0.08 0.44 + 0.09 0.48 + 0.05 0.65 + 0.06 0.65 + 0.06 
2 --1* 2— 1* 3~ 1° 3g=]1? 4— 1* 4 -— 1* 
3 —2NS 3-21 4 — 21 4-—2* 
4~— 3! 4-— 3° 
HR (beats/min) 100 + 20 118 + 18 112+ 11 114 + 16 109 +7 99 + 22 106 + 25 
"E 2 -—1NS 2—1NS 3 -— 1NS 3 —1NS 4 — 1NS 4 — 1NS 
l , 3 — 2 NS 3—2NS 4 -— 2NS 4 — 2 NS 
i 4—3 NS 4 — 3 NS 
EDVN (mi/m?) 644 12 74 +20 81 17 75 + 18 72 X 16 85 + 25 76 + 21 
2-—1NS 2—1NS 3 —1NS 3— 1NS 4—1NS 4 — 1 NS 
d-—2NS 3—2NS 4 —2NS 4 —2NS 
4—3NS 4 —3NS 
EF (96) 0.75 + 0.08 0.75 + 0.06 0.77 + 0.04 0.68 + 0.08 0.64 + 0.09 0.70 + 0.05 0.71 + 0.05 
2 -—1NS 2 —1NS 3 — 1 NS d -— 1° 4 — 1 NS 4 — 1NS 
3-—2NS 3— 2° 4—2NS 4-21 
4 -—3NS 4 — 3 NS 
' PSP (mm Hg) 103 + 10 31:5 3244 98 + 33 120 + 30 100 + 13 97 + 10 
2--1* a4" 3— 1NS 3 — 1 NS 4—1NS 4 -—-1NS 
3| 2" 3 2* 4—2* 4- 2° 
. 4—3 NS 4 — 3 NS 
~ EDP (mm Hg) 8+2 81:3 10 4-3 1243 1142 10+2 10:42 — 
2 — 1NS 2—1NS 3 -- 1* 3 — 1! 4 — i NS 4— 1NS 
3— 2t 3—2 NS 4 — 2 NS 4 — 2 NS 
; å — 3 NS å — 3 NS 
ESS (kdyne/cm?) 183 + 37 — — — — 174 + 30 156 + 16 


___ BSA = body surface area; EDP = end-diastolic pressure; EDVN = end-diastolic volume normalized by body surface area to the power of 1.22; . 
EF = ejection fraction; ESS = end-systolic stress; HR = heart rate; NS = not significant, PSP = peak systolic pressure; — = none. 


. lowing for a difference in cycle length of not more than 
30 ms. 

We used the pressure at end ejection, defined as the 
time of smallest LV volume, to approximate the end- 
systolic pressure. Although coincidence of the end of 
ejection and the end of systole was observed in a natural 
. type of contraction in animals,!® unphysiologic afterload 
- manipulation was reported to cause a difference in the 
2 instants, 19.1? | 

'The interval between 2 frames on videotape was 20 
: ms; therefore, the maximal possible error of determi- 

‘ nation of the true LV end-systolic pressure, as measured 
from pressure tracings after anatomic correction, could 
have been, on the average, 16 + 6 mm Hg, while the LV 
mean end-systolic pressure was 89 + 12 mm Hg. 


Experimental studies” indicated that alterations of- 
left and right ventricular hemodynamic measurements © 


by injection of contrast medium into the right ventricle 
reached a maximum within 6 beats after injection. To 
minimize the influence of these hemodynamic varia- 
. tions on volumes, the first adequately opacified 

beat after beginning of injection of contrast medium 
. into the left ventricle was used for LV volume deter- 


. minations. 


.'' The intra- and interobserver reproducibility of the 
wall thickness were both within 1 mm. The individual 

" beat-to-beat variability was 0.6 mm.1° 

Results: Although the results of anatomic correction 


of transposition of the great arteries at the arterial level - 


are encouraging,92122-?8 some questions are still un- 
answered, including those concerning the fate of the left 
ventricle in patients with simple transposition who 
underwent 2-stage anatomic correction.? 

After banding of the pulmonary trunk as the first 
stage of the surgical procedure, LV end-diastolic volume 
did not change significantly, whereas LV end-diastolic 
pressure increased and LV ejection fraction decreased 
(Table II). Because of normalization of these variables 
after anatomic correction, these alterations in hemo- 
dynamic findings after banding probably reflect adap- 
tation of the left ventricle to systemic pressures in a 
hypoxemic circulation rather than implying impaired 
LV function. 

Potential shunt-intrinsic variables like aortic oxygen - 
saturation and LV end-diastolic volume and pressure, 
as LV preload parameters, were not significantly dif- 
ferent in patients with or without a shunt at the time of 
postbanding investigation. If this is valid in the acute 
phase, immediately after banding and in the presence 
of a large intraatrial communication, remains to be 
evaluated. 

After anatomic correction, LV ejection fraction, LV 
end-diastolic pressure, and LV end-diastolic volume 
data were not different from control data, suggesting 
normal LV function. In contrast to these parameters of 
global myocardial function, LV end-systolic stress- 
ejection fraction relations (Fig. 1) suggest that LV 
functio mày not be normal in few patients. Additional 
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afterload challenge would probably be more effective 
in identifying patients with depressed LV function. 
However, Borow et al?! recently stated that this may not 
be needed in patients with transposition of the great 
arteries who undergo anatomic correction. In an echo- 
cardiographic study, they found normal LV end-systolic 
stress-ejection fraction data points in 6 of 8 patients 
after anatomic correction, confirming the result of this 
study with 7 of 11 LV end-systolic stress-ejection frac- 
tion relations within the control range. LV end-systolic 
stress-ejection fraction data points (Fig. 1), close to the 
regression line of controls, are those of patients whose 
age at banding and anatomic correction was markedly 
lower than those of the other patients. This supports the 
findings of Borow et al*! that a young age at operation 
may be advantageous in preserving normal LV function. 
Because of the aforementioned methodologic limita- 
tions and the small number of patients studied, the 
finding that normal LV function is preserved, especially 
in the youngest patients at operation, is preliminary. 
However, it may help to increase knowledge of the 
functional behavior of the left ventricle in the 2-stage 
anatomic correction of transposition of the great 
arteries. 


Acknowledgment: We gratefully acknowledge the assis- 
tance of Susanne Schlüter and Elisabeth Schulze Brexel in 
preparing the manuscript. 
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Echocardiographic Ventricular Shape Analysis 
in Congenital Heart Disease with Right Ventricular 
Volume or Pressure Overload : 


ANNABELLE AZANCOT, MD, THOMAS CAUDELL, PhD, HUGH D. ALLEN, MD, 
GEORGE TOSCANI, PhD, JEAN LOUIS DEBRUX, MD, ANNA LAMBERTI, MD, 
DAVID J. SAHN, MD, and STANLEY J. GOLDBERG, MD 


in this 2-dimenslonal (2-D) echocardlographic study, 
a computerized Fourier analysis technique refined 
from one that allows quantification of changes In 
septal shapes in normal fetuses, newborns and In- 
fants allowed analysis of left ventricular (LV) shapes 
in 14 patients with right ventricular (RV) volume 
overload (atrial septal defects), 5 with volume and 
pressure overload (total anomalous pulmonary ve- 
nous connection), and 10 with pressure overload 
(complete transposition of the great arteries [TGA] 
with intact ventricular septum). 

Diastolic shape factors in the 3 groups were sig- 
nificantly different from those of normal subjects (p 
<0.01). Highest diastolic values were found In pa- 
tlents with TGA (mean 4.59 + 1.28). Systolic shape 
factors were similar in patlents with atrial septal 
defect and normal subjects. Significant differences 


In a recent study! of normal fetuses, newborns and in- 
fants up to 3 months of age, we found serial change in 
septal shape, reflecting interdependent ventricular 
geometries. The study showed that diastolic left ven- 
tricular (LV) shapes were more elliptical and distorted 
in fetuses and newborns than in infants, similar to 
geometries found in right ventricular (RV) volume or 
pressure overload. Further, in each group, systolic 
shapes were rounder than diastolic shapes in newborns 
and infants. A quantitative computerized method de- 
scribing each shape was derived by Fourier analysis 
technique. This analysis yielded a single parameter, 
termed “shape factor,” that changes monotonically with 
increasing septal distortion, varying from an assigned 
value of 1 for a circle to 7 for a distorted crescent 
shape. 

Since this quantitative technique is available to assess 
these qualitative changes, we applied Fourier analysis 
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existed between normal subjects and patlents with 
total anomalous pulmonary venous connection, with 
the greatest differences In systolic shape factor 
being 5.61 for TGA vs 1.87 (p « 0.005) for normal 
subjects. Shape factor correlated well with hemo- 
dynamic data for RV/LV systolic pressure ratlos (r 
= 0.93, p <0.001) for normalized Interventricular 
pressure differences (r = —0.95, p «0.001). The 
lower the normalized systolic pressure difference 
or the higher the RV/LV ratlo, the more the septum 
encroached Into the LV cavity. Significant but 
weaker correlations were noted for values during 
diastole. Quantitatlve application of Fourier shape 
factor analysis to LV shapes allows numerical ex- 
pression of visually interpreted distortions over a 
wide range of geometric alterations. 

(Am J Cardiol 1985,56:520—-526) 


of LV shape to patients with 3 types of congenital car- 
diac disease. Atrial septal defect (ASD) produced RV 
volume overload, total anomalous pulmonary venous 
connection (TAPVC) produced RV volume and pres- 
sure overload and transposition of the great arteries 
(TGA) produced RV pressure overload. 


Methods 


Patients: Shape factors found in patients with congenital 
heart disease were compared with those in normal infants and 
children. Data from normal infants were prospectively con- 
sidered from our normal study (n = 14).! Older children were 
also examined to obtain an age-matched control! population 
(n = 10). Normal data are shown in Table I. Physical exami- 
nations and echocardiographic studies revealed the absence 
of cardiac abnormalities in all cases. 

Fourteen patients with ASD were evaluated by cardiac 
catheterization and 2-dimensional echocardiography. Patient 
details are shown in Table II. 

Five patients with TAPVC were evaluated. All patients 
underwent cardiac catheterization and RV and LV pressures 
were measured. Patient details are shown in Table II. 

Ten patients with TGA were evaluated. All had intact 
ventricular septum and 5 had undergone previous atrial baffle 
procedures. None had tricuspid valve regurgitation. These 
patients were in sinus rhythm without evidence of bundle 
branch block at the time of the study. RV and LV pressures 
were measured at cardiac catheterization. Those who had 
undergone atrial baffle procedures did not have stenosis of 


sis 
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either caval veins or the pulmonary outflow tract. Patient 
details are shown in Table II. 

Echocardiographic methods: Three echocardiographic 
cross-sectional systems were used. Younger children were 
usually studied with a SmithKline EkoSector 30? mechanical 
&&ctor scanner or with a mechanical sector scanner (ATL Mark 
300C) using a 5-MHz transducer. Older patients were exam- 
ined with a Toshiba SSH 10A phased-array sector scanner 
using a 2.4-MHz electronically focused transducer with a 78? 
sector and/or with an ATL Mark 300. Several patients were 
examined with 2 of the above systems. Sector angle accuracy 
was monitored on all instruments. 

Standard echocardiographic examination planes^? were 
used. Although complete examinations were performed on 
each patient, only short-axis views were analyzed in this study. 
Special care was taken to adequately image the entire LV 
cavity in short-axis view. This was especially necessary when 
the 30? instrument was used. LV short-axis evaluation was 
performed at the mitral valve level. Lateral mitral valve at- 


tachments were centered in the frame of view to ensure re- . 


producible cross sections from patient to patient.! Analysis 
was performed at early diastole (maximal opening of the mi- 
tral valve), end diastole (frame just after mitral valve closure) 
and end systole (frame just before mitral valve opening). 

Real-time videotape recordings were made of each exami- 
nation for subsequent analysis in this study. Preliminary 
frame-by-frame, slow-motion analysis of several cardiac cycles 
in forward and reverse directions facilitated selection of the 
best single frames. These selected frame images were photo- 
graphed on Polaroid film for subsequent digitization.! 

Evaluation technique: Qualitative: Diastolic and systolic 
frames were visually inspected with respect to overall LV 
shape, septal flattening and septal distortion in patient groups. 
These shapes were then compared with normal systolic and 
diastolic images.! 

Quantitative: The method used for Fourier shape analysis 
is similar to that previously reported.! The entire LV inner 
contour was traced on a Micrographics tablet driven by an 
Apple I+ microcomputer. Digitization began at the left mitral 
valve attachment and proceeded clockwise. On average, 60 
points per tracing were taken. The resulting sets of coordinates 
were processed in batch mode by an analysis program on the 
Apple II+. Data were graphically displayed for visual cross 
check after numerical smoothing. A vector diagram was cal- 
culated from the resulting rectangular coordinates. The vector 
diagram presents instantaneous change in direction of the 
point moving on the path defined by the LV digitized contour 
as a function of accumulated path length from an arbitrary 
point. The path length was subsequently normalized to a 
length of 27 to remove cavity size effects. The vector diagram 
was then Fourier analyzed into a set of 6 harmonic amplitudes. 
The use of 6 harmonics ensures the accurate description of 
highly distorted shapes (Appendix I). To form a single pa- 
rameter that would change monotonically with increasing 
septal shape changes and distortion from roundness, a shape 
sequence model specific to the range and types of distortion 
observed in the normal population was generated. The model 
shown in Figure 1 assigns a shape factor of 1 to a perfect circle 
and progresses through an ellipse to a crescentic shape as- 
signed a shape factor of 7. 

A least-squares, linear mapping technique calculates shape 
factors from a set of harmonic amplitudes. This process inserts 
the data shape into the model at its best-fit location. The 
continuous nature of the model allowed interpolation between 
shape factors 1 through 7. By reference to this model, the 
shape factor allows quantification for clinical comparisons and 
statistical analysis. 

Statistical analysis: The 3 groups with congenital heart 
disease were compared with normal subjects and compared 

| 





TABLE! Data from Normal (Control) Subjects 


Shape Factor 
Dlastole 
Age (yr) Early End Systole 
Control (n = 24) (n — 20) (n = 21) (n — 23) 

1 0.06 — — 2.30 
2 0.11 — 2.84 2.56 
3 0.19 2.10 2.66 1.96 
4 0.25 1.80 1.66 1.87 
5 0.04 1.81 1.54 1.66 
6 0.08 2.18 2.53 1.45 

7 0.17 2.47 1.82 1.51 
8 0.17 2.78 1,65 2.52 
9 0.25 1.74 1.82 1.96 
10 0.25 1.88 — 1.30 

11 0.08 2.83 2.13 — 
12 0.16 — 1.96 2.03 
13 0.40 — 1.40 2.31 
14 0.08 2.05 1.87 2.00 
15 10 2.17 1.47 1.88 
16 6 1.72 2.09 1.90 
17 6 1.77 2.13 1.59 
18 8 2.20 — 1.96 
19 1.4 2.56 1.50 1.98 
20 2 2.09 1.92 2.07 
21 1.6 1.85 2.10 1.18 
22 12.8 1.82 1.42 1.33 
23 12 2.41 2.05 1.67 
24 11 1.48 2.35 1.35 
Mean 3.05 2.09 1.95 1.84 
+SD +4.44 +0.37 +0.40 +0.38 

SD = standard deviatlon. 


with each other using unpaired ¢ tests. Statistical significance 
was considered at the p <0.05 level. Numerical correlations 
were sought between 2 combinations of hemodynamic data 
and the shape factor. The linear forms analyzed were: SF = 
A+B (RV/LV) and SF = A+B (Dp Norm), where SF = shape 
factor (either systolic or diastolic), RV = RV peak systolic 
pressure, LV = LV peak systolic pressure, and Dp Norm = 
normalized pressure difference, = 2(LV-RV)/(LV--RV). 
Parameters A and B = intercept and slope, respectively. 
Analysis was performed on the complete ensemble and sep- 
arately on each of the groups with congenital heart disease. 
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FIGURE 1. Discrete shapes used to define the shape sequence model. 
Shape factor Is the pointer Into this sequence and varles from a value 
of 1 for a perfect circle to 7 for an idented ellipse. 
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TABLE II Clinical and Hemodynamic Data from the Three Patient Groups 


Age BSA RVP LVP 
. Pt (yr) (m?) Comment Qp:Qs (mm Hg) (mm Hg) 
ASD 
1 2.40 0.46 OS 2.5:1 31 90 : 
2 1.50 0.76 OS 2.9:1 50 100 
3 5.50 0.81 OS-PAPVD 3.38:1 47 105 
4 5.90 1.6 OS 2.7:1 30 95 
5 17.20 1.9 OS 3.6:1 60 110 
6 15.00 0.73 OS 2.3:1 35 120 
7 4.00 0.68 OS-PAPVD 2.2:1 27 110 
8 5.10 0.66 OS-LSVC 2.5: 1 30 110 
9 5.50 0.91 SV-PAPVD 2:91] 23 115 
10 12.00 0.87 OS 2.531 30 100 
11 4.60 1.22 OS 2.6:1 30 85 
12 0.30 0.31 OS 2.2:1 35 100 
13 0.25 0.48 OS 2.25:1 45 100 
14 5.20 0.80 OS-SVC 3.2:1 40 110 
Mean 6.03 0.83 2.7:1 37 101 
+SD +5.18 +0.44 +0.4:1 +10 +9.7 
TAPVD 
15 1.66 0.51 VV 40 85 
16 0.66 0.38 CS 60 90 
17 0.33 0.24 CS 100 100 
18 0.17 0.28 RA (Obstr) 60 75 
19 0.003 0.21 Subd (Obstr) 100 70 
Mean 0.56 -32 72 84 
, xSD +0.65 +0.12 +27 +12 
TQV 
20 1.80 0.39 VS 70 25 
21 7.00 0.84 VS-Mustard 90 50 
22 4.50 0.74 VS-Senning 120 45 
23 0.50 0.30 VS 95 34 
24 13.00 1.5 VS-Mustard 100 65 
26 0.10 0.22 VS-Senning 65 62 
26 0.10 0.21 VS 75 40 
27 1.25 0.38 VS 85 60 
28 0.10 0.21 VS 90 70 
29 0.40 0.23 VS-Senning 70 32 
Mean 2.9 0.50 86 48 
+SD +4.2 +£0.42 +16.8 +15.5 


ASD = atrial septal defect; BSA = body surface area; CS = coronary sinus; LVP = left ventricular peak 
systolic pressure; LVSC = left superior vena cava; Obstr = obstruction; OS = ostium secundum; PAPVD 
= partial anomalous pulmonary venous drainage; Qp:Qs = pulmonary to systemic flow ratio; RA = right 


atrium; RPV = right ventricular systolic pressure; 


= standard deviation; Subd = subdlaphragmatic; 


SV = sinus venosus; TAPVD = total anomalous pulmonary venous drainage; TGV = transposition of the 
great vessels; VS = ventricular septum; VV = vertical vein. 


Linear regression gave values for the intercept, slope, standard 
deviation of the fit and the linear correlation coefficient. 

Inter- and intraobserver variability was studied using 1-way 
analysis of variance. For this study, the same set of 6 data 
shape samples was digitized twice at different times by at least 
2 of the investigators. Uncertainty owing to random errors in 
shape factor analysis was estimated from the variance of the 
repeatability study and a separate study in which 12 different 

' Shapes were digitized twice by 1 investigator. 


Results 


Qualitative: Patients with ASD showed septal flat- 
tening, which elliptically distorted the LV cavity in 
diastole. During systole, the LV cavity was rounder (Fig. 
2). In patients with TAPVC, encroachment of the sep- 
tum into the LV cavity was noted during both diastole 
and systole. Patients with TGA and intact ventricular 
septum displayed a kidney-shaped LV cavity with ap- 
position of the anterior mitral valve leaflet to the sep- 
tum and marked septal indentation predominant in the 
area between the tricuspid valve attachment and the 
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anterior ventricular septum throughout the cardiac 
cycle, particularly in systole (Fig. 3). 

Quantitative: Individual patient shape factors and 
hemodynamic data for each pathologic group are dis- 
played in Table III. 

Comparisons between the pathologic groups and the 
normal population are shown in Table IV and Figure 4. 
Shape factors from diastolic frames in the 3 groups were 
statistically separable from those of the normal popu- 
lation (p <0.01). Patients with TGA had the highest 
mean diastolic shape factor (4.6 + 1.3). 

In patients with ASD, systolic shape factors were 
similar to those found in the normal population (dif- 
ference not significant [NS]). Mean systolic shape fac- 
tors were significantly different between patients with 
TGA and TAPVC and normal subjects. The highest 
systolic shape factor was present in the transposition 
group (5.61), compared with 1.87 in normal subjects 
(p «0.0005). 

Intragroup comparison: As in our previous study 
of normal subjects diastolic and systolic frames from: 
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TABLE Ill Shape Factors at the Three Phases of the 
. Cardiac Cycle and Ventricular Pressure Data 
for Each of the Three Patient Groups 


Diastolic Systolic 





———— Dp Dp 
Early End End (mm Hg) (Norm)  RV/LV 
ASD 

1 2.91 2.22 1.96 59 0.975 0.344 

2 2.88 2.20 2.40 50 0.667 0.500 

3 222 2.02 1.88 57 0.763 0.448 

4 323 2.33 2.08 65 1.040 0.316 

5 2.82 2.85 2.04 50 0.588 0.545 

6 242 2.10 2.05 85 1.097 0.292 

7, 247 2.27 1,52 83 1.212 0.245 

8| 2.29 2.59 1.38 80 1.143 0.273 

9| 2.87 2.17 2.08 92 1.333 0.200 
10} 2.57 2.20 1.57 70 1.077 0.300 
11! 206  — 1.82 55 0.956 0.353 
12, 2.87 2.03 1.68 65 0.963 0.350 
13| 2.77 2.86 2.50 55 0.759 0.450 
14| 2.87 2.54 1.93 70 0.933 0.364 

| TAPVD 
15, 2.02 3.24 2.18 45 0.720 0.471 
16 453 4.17 3.48 30 0.400 0.667 
17 2.84 2.66 2.63 15 0.222 0.800 
18 585 5.45 5.15 —30 —0.353 1.43 
19 5.00 4.45 — 0 0 1 
TGV 

20 60.49 6.30 6.68 —45 —0.947 2.80 
21 3.46 4.76 5.06 —40 —0,571 1.80 
22 5.380 4.33 5.68 —75 —0.909 2.67 
23, 438 5,67 6.17 —61 —0.946 2.79 
24 443 5.04 6.03 —35 —0.424 1.54 
25 2.41 2.46 4.71 ed —0.047 . 1.05 
26 3.96 4.54 5.86 —35 —0,609 1.88 
27 3.75 3.23 4.34 —25 —0.345 1.42 
28 6.14 4.92 5.76 —20 —0.250 1.29 
28 5.59 4.00 6.03 —88 —0.745 2.19 


Dp = LV ~ RV; Dp Norm = 2 (LV — RV)/(LV + RV); LV = left ven- 
tricular peak systolic pressure; RV = right ventricular peak systolic 
pressure; other abbreviations as in Table Il. 
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normal subjects showed that the end-systolic shape was 
rounder than the end-diastolic and early-diastolic 
shapes (p «0.03). In patients with ASD, mean diastolic 
shape factor differed from mean systolic shape factor 
(p <0.002) because the ventricle was rounder during 
systole. No significant differences existed between di- 
astolic shapes and systolic shapes in the patients with 





FIGURE 2. Short-axis images from a patlent with an atrial septal defect. 
Note flattening of the septum In diastole and roundness in systole. The 
arrow points to the septum. Iv = left ventricle. 


TABLE IV Values for Normal Subjects and the Three 


Patlent Groups 

Diastolic ? 

Groups Early End Systolic 
Normal 2.10 + 0.35 1.95 + 0.40 — 1.84 01 0.37 
ASD 2.66 + 0.33 2.34 + 0.24 1.92 + 0.32 
TAPVD 4.05 + 1.58 3.99 + 1.08 — 3.36 + 1.31 
TGV 4.59 + 1.28 4.53 + 1.12 4 5.61 X 0.71 

p «0.0005 p «0.005 NS 

TAPVD-Norrnal p «0.01 p «0.001 p «0.005 
TGV-Normal p <0.0005 p <0.0005 p «0.0005 
TGV-ASD p «0.0005 p «0.0005 p «0.0005 

TGV-TAPVD NS NS p «0.005 

ASD-TAPVD p «0.05 p «0.002 p «0.005 


The p values for comparisons between normal subjects and the 3 
patient groups and Intergroup comparisons between patient groups are 
shown. 

NS = not significant; other abbrevations as in Table Il. 


'TAPVC. Systolic LV shapes were significantly more 
distorted than the diastolic LV shapes in patients with 
TGA (p «0.01). 

Intergroup comparison: Intergroup comparisons 
of patients with congenital heart disease are shown in 
Table IV. In diastole, only patients with ASD had shape 
factors statistically different from those with TGA (p 
<0.005). The systolic shape factor was significantly 
different between patients with ASD and those with 
TAPVC (p <0.05). In systole, patients with TGA had 
shape factors that were significantly separable from 
those with ASDs and TAPVC (p <0.005). 

Relation between shape factors and hemody- 
namic data: Normalization by averaged ventricular 
pressures reduces the variations caused by systematic 
patient-to-patient differences. This was justified by the 
reduced standard deviation found when this parameter 
was compared to pressure differences that were not 
normalized. 

Systolic shape factor correlated positively with 
RV/LV ratio (Fig. 5) and negatively with the normalized 
ventricular pressure differences (Fig. 6). All diastolic 
frames showed significant but weaker correlations: early 
diastole, r = 0.77, p «0.001 for RV/LV, r = —0.79, p 





FIGURE 3. Transposition of the great vessels. Note septal indentation 
in both phases of the cardiac cycle, predominant in systole. The arrow 
points to the septum. Iv = left ventricie. 
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«0.001. for Dp Normi end distale r = 0.85, p <0.001 for 
RV/LV, r = —0.86, p <0.001 for Dp Norm. 

Each pathologic group was individually evaluated for 
correlation between shape factors and ventricular 
pressures. Significant correlations were found between 
systolic shape factor and the normalized pressure dif- 
ference (Fig. 7) and RV/LV ratio in the TGA group (r 
= 0.68, p <0.025). The lower the normalized systolic 
pressure difference or the higher the RV/LV ratio, the 


more the septum tended to encroach into the LV cavity. 


Although the TAPVC group was small, RV/LV ratio 
approached significance in early diastole and end sys- 
tole. ASD diastolic and systolic shape factors showed 


insignificant correlations with ventricular pressure | 


parameters or with Qp:Qs. 


Intra- and interobserver variability: No signifi- 


cant differences were noted between paired data ob- 


tained from different shapes when measured by the | 


v^ LV 
FIGURE 5. Right ventricular/left ventricular pressure ratios (RV/LV) 


vs systolic shape factors (SF). Data include al! 3 patient groups. The : 


best fit line (solid) is placed on the plot with standard deviation (S.D.) 
lines (dashed) above and below. Results of bud es are 
Abbreviations as in Figure 4. i 
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FIGURE 4. Comparison of shape factor 
(SF) means of normal subjects (norm) 
and the 3 patient groups. The 3 cardiac 
cycle phases are shown separately. 
Bars Indicate standard deviations. ASD 
= atrial septal defect; TAPVD = total: 
anomalous pulmonary venous drainage; . 
. TGV = transposition of the great 
‘vessels. , 
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same observer or by different observers. Repeatability 
data were not significantly different. 


. Discussion 


Shape factors from Fourier analysis allowed. quanti- | 
tative description of LV shapes in various forms of - 
congenital heart disease that affect the right ventricle 
by volume or pressure loading. This analysis provided 
a quantitative tool that allowed. investigation of rela- 
tions between LV shapes and transseptal ventricular 
pressure.differences. The homogeneous nature of each 
of the 3 groups with congenital heart disease allowed 
characterization of septal shapes according to their 
specific hemodynamic patterns. 

Abnormalities of septal motion have been qualita: 
tively described in patients with ASD,* TAPVC,5§ . 
TGA,” pulmonary hypertension and in animal models 
that have been subjected to pulmonary arterial band- 
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FIGURE 6. Normalized pressure difference (Dp Normalized) vs ERN 
shape factor. Data Include 3 patient groups. The best fit line (solid) Is 
placed on the plot with standard deviation (S.D.) lines (dashed) above 
and below. Results of linear regression are shown. AODIOVIRHOnS as 
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ing.?? Most of these studies have shown that when RV 
pressure overload is superimposed on volume overload, 
septal shape remains distorted during systole. 

Quantitative studies have shown a link between 
transseptal pressure differences and LV septal shapes. 
In an experimental study in open-chest dogs during 
pulmonary artery constriction, Tanaka et al!! observed 
septal displacement into the LV cavity when reversal 
of the normal transseptal pressure gradient occurred 
during early diastole and at end systole. These obser- 
vations confirm our qualitative and quantitative find- 
ings in shape characteristics and hemodynamic relations 
in the|3 groups of patients with congenital heart disease 
chosen for evaluation in this study. 


Two recent cross-sectional echocardiographic studies, 


that quantified LV shape deserve further comment. 
Both studies used a normalized radius of curvature 
method for evaluating abnormalities in interventricular 
septal shape. Brinker et al!? reported that during acute 
volume overload in normal subjects (Mueller maneu- 
ver), flattening of the septum persisted throughout 
diastole and systole. In control and recovery phases, LV 
shapes recovered a rounder configuration in both end 
diastole and end systole. Persistence of septal shifting 
in systole led them to postulate that diastolic septal 
shape influenced systolic septal configuration. In our 
study, LV shape in patients with ASD tended to be 
significantly rounder in systole. However, inherent 
difficulties exist in comparing acute volume loading 
under experimental conditions with chronic loading as 
seen in congenital heart disease. King et all? measured 
the normalized septal radius of curvature and its rela- 
tion to RV/LV pressure ratio in a wide variety of pa- 
tients with congenital heart disease and found correla- 
tion between the septal radius of curvature and the 
pressure ratio. 

We! compared Fourier shape analysis to radius of 
curvature analysis as a ventricular pressure predictor 
and developed a conversion function (Appendix II). All 
systolic shape factors were remapped into normalized 
radius of curvatures and were plotted against RV/LV 
ratio for linear regression analysis. The resulting linear 
fit agreed with data derived by King et al,!? yielding a 
slope (B) of —0.98, an intercept (A) of 1.24, and a linear 
correlation coefficient of r = —0.88. Although this 


comparison was favorable, significant differences in . 


noise sensitivity were observed. The converted shape 
factors showed large scatter about the regression line 
in patients with pressure ratios greater than 1.0. In 
contrast to the study by King et al, 11 patients in our 
study: (10 with transposition of the great vessels and 1 
patient with TAPVC) had RV/LV ratios greater than 
1.0 and showed large curvature variations along their 
~ indented LV shapes. Therefore, in this subgroup, large 
scatter existed in the radius of curvature analysis 
technique because only 3 points on the septal curvature 
could be used by this method, whereas Fourier shape 
analysis uses a much larger number of points on the 
digitized ventricular inner contour, reducing errors or 
biases owing to arbitrary point selection. Thus, shape 
factor is a more stable and discriminant parameter than 
the normalized radius of curvature technique for pre- 
dicting pressures, and allows evaluation of a wide range 


LÀ 


of shape distortions, including crescent and very dis- 
torted shapes, which cannot be analyzed accurately by 
use of radius of curvature method. 

RV pressure overload is a frequent physiologic con- 
comitant in acyanotic and cyanotic congenital heart 
disease. In an experimental study of 3-dimensional LV 
dynamic geometry change in conscious dogs, Visner et 
ali^ showed that at moderate levels of acute RV hy- 
pertension, ventricular septal displacement significantly 
altered LV dynamic geometry and systolic function. In 
previous experimental studies, they subjected dogs to 
long periods (more than 4 months) of cyanosis and 
found major abnormalities in the geometry of LV con- 
traction, similar to the pressure-dimension relations 
found in acute ischemic myocardial regions.19 Clinical 
studies have shown that RV pressure overload can in 
itself shift the diastolic pressure-dimension relations 
of the LV cavity leftward and decrease chamber com- 
pliances.19?7 Our study describes and quantifies these 
dramatic septal shape changes, particularly found in 
patients with TGA with intact ventricular septum. 
These major shape alterations make echocardiographic 
measurements of LV contractility and volumes based 
on standard geometric models!? unreliable under these 
conditions. 

Septal shape distortion and, therefore, shape factor 
provide a predictor of tranaseptal ventricular pressure 
gradients. We found significant linear correlations be- 
tween shape factor and ventricular pressure differences. 
Shape factor therefore allows detection of RV pressure 
overload. However, when the physical characteristics 
of the septum vary owing to changes in thickness, con- 
tinuity or configuration, the ability of the septum to 








n 


F systolic 






OTGV 







BSiope -141.5 

Intercept 4.71 

8. 0.553 
- 0.88 





P Normalized 


FIGURE 7. Normalized pressure difference (Op Normalized) systolic 
shape factor (SF) for patients with d-transposition group only. The best 
fit line (solid) is placed on the plot with standard deviation (S.D.) lines 
(dashed) above and below. Results of linear regression are shown. 
Abbreviations as in Figure 5. 
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respond to the pressure differences will be affected. 
Thickness of the LV wall is an important component in 
the shape response of the septum to the ventricular 
pressure differences.!5 We propose that the scatter in 
the TGA fits is, in part, a result of individual variations 
in heart musculature and could be reduced by taking 
into account septal thickness. Dp normalized, when 
divided by septal thickness, could be used to more ac- 
curately estimate the pressure gradient. This effect will 
be evaluated in further studies. 

Considerable controversy still exists regarding the 
optimal moment and type of surgical correction in many 
patients with various forms of congenital heart disease, 
particularly in those with TGA. Shape factor analysis 
offers a potential noninvasive investigational tool for 
enhanced understanding of RV and LV shape and 
function interrelationships before surgery and in the 
postsurgical follow-up of specific populations. Thus, the 
quantitative technique we applied, coupled with qual- 
itative observations, such as the site of pulmonary ve- 
nous drainage and great vessel orientation, should allow 
further insight into RV and LV interdependences and 
lends a quantitative method of expression over a wide 
range of LV geometric alterations. 
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Appendix I 


The selection of Fourier frequencies used in the linear 
mapping procedure determines the range of distortion de- 
tectable by this type of analysis. In the previous study,! 3 
frequency bins were used, covering the range of shape varia- 
tions found in normal newborns and infants. The microcom- 
puter version of this analysis uses only the first 6 harmonics, 
allowing a fast numerical calculation. Although this Fourier 
analysis does not bin together amplitudes, the maximum 
frequency is nearly 3 times higher than that in the previous 
study. This allows detection and, therefore, more accurate 
quantification of highly distorted shapes as those found in our 
previous normal fetal study and in the present analysis of 
pathologic groups. For a complete discussion of information 
content in a truncated Fourier representation, the reader is 
referred to Bloomfield’s text.!? 


Appendix Il 


To provide a means of comparison between Fourier shape 
analysis and the normalized curvature technique (i.e., cur- 
vature = l/r), a remapping function was developed between 
the 2 methods. For each of the discrete shapes used in the 
shape sequence model, septal curvature was measured in 
addition to ventricular area. As discussed by King et al!? and 
Brinker et 81,'? the normalized curvature was calculated by 
dividing the septal curvature by an idealized curvature defined 
to be the square root of x over the area (ri/r = a/7/r). A least 
squares fit cubic polynomial is drawn through the data point, 
y = 0.4879 + 0.855132.SF — 0.393533.SF? + 0.0358966.S F3, 
standard error of the regression estimate = 0.066, r = 0.997. 
This polynomial defines the remapping function to high ac- 
curacy, allowing the unique conversion of shape factor into 
normalized curvature. The inverse relation is not a function, 
and therefore normalized curvatures may not be uniquely 
mapped into shape factors. 
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ness and evaiualion of long-term safety in these pallents are incomplete. 

Controlled studies in smell numbers of suggest concomitant use of PROCARDIA and btta-blocking agents 

may be beneficial In pabents with chronic stable angina, bui available information is not sufficient to predict with con- 
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Although PROCARDIA has been used safety In patients wilh renal dysfunction and has been reported to exert a ben- 
¢hclal effect In certain cases, rare, reversible ekevations In BUN and serum creatinine have been reported in patients with 
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Results of Balloon Valvuloplasty in the Treatment of 
Congenital Valvar Pulmonary Stenosis in Children 


DANIEL A. KVESELIS, MD, ALBERT P. ROCCHINI, MD, A. REBECCA SNIDER, MD, 
AMNON ROSENTHAL, MD, DENNIS C. CROWLEY, MD, and. MACDONALD DICK 1l, MD 


Transluminal balloon valvuloplasty was used In the 
treatment of congenital valvar pulmonary stenosis 
in 19 children, aged 5 months to 18 years. The right 
ventricular (RV) systolic pressure and RV outflow 
tract gradient decreased significantly immediately 
after the procedure (95 + 29 vs 59 + 14 mm Hg, p 
«0.01, and 78 + 27 vs 38 + 13 mm Hg, p <0.01). 
Seven of these patients were evaluated at cardiac 
catheterization 1 year after balloon valvuloplasty. 
No significant change occurred in RV systolic 
pressure or RV outflow tract gradlent at follow-up 
evaluation compared with measurements immedi- 
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Transluminal balloon pulmonary valvuloplasty signif- 
icantly reduces right ventricular (RV) pressure and RV 
outflow tract gradient immediately after the proce- 
dure. Kan et al? recently reported their experience 
with balloon valvuloplasty, including the long-term 
hemodynamic consequences in 11 patients. The present 
report is a description of our experience immediately 
.after balloon valvuloplasty and at follow-up evaluation 
with special emphasis on the usefulness of electrocar- 
diography, vectorcardiography and Doppler echocar- 
diography in the assessment of residual obstruction. 


Methods 


Patient group: From July 1982 to November 1984, 19 
children, aged 0.4 to 17.5 years (mean 4.5), underwent trans- 
luminal balloon valvuloplasty for congenital valvar pulmonary 
stenosis (PS). On examination, 17 of 19 patients had a grade 
4 to 5/6 systolic ejection murmur in the left upper sternal 
border. Only patient 16 had a murmur consistent with pul- 
monary regurgitation. RV hypertrophy was present on the 
electrocardiogram. Significant extracardiac disease delayed 
earlier surgical repair of severe PS in 2 patients. Patient 4 had 
steroid-dependent nephrotic syndrome and patient 6 had Von 
Willebrand's disease. In addition, patients 2, 5, 8 and 18 had 
Noonan's syndrome and patients 6 and 8 had a small ven- 
tricular septal defect. Before cardiac catheterization, balloon 
valvuloplasty was described to the patients and families as an 
alternative to surgical correction. 


From the Department of Pediatrics and Communicable Diseases, Di- 
vision of Pediatric Cardiology, C.S. Mott Children's Hospital, University 
of Michigan, Ann Arbor, Michigan. Manuscript received February 11, 
1985; revised manuscript received May 7, 1985, accepted May 8, 
1985. 

Address for reprints: Daniel A. Kvesells, MD, Pediatric Cardiology, 
C.S. Mott Children's Hospital, F1123, Box 66, Ann Arbor, Michigan 
48109. 





ately after balloon valvuloplasty (60 + 5 mm Hg vs 
56 + 12 mm Hg and 39 + 5 vs 38 + 10 mm Hg). In 
addition, follow-up evaluation was performed using 
noninvasive methods and included electrocardiog- 
raphy (n = 13), vectorcardlography (n = 11) and 
Doppler echocardiography (n = 11) Doppler echo- 
cardiography in 11 patients 15 + 9 months after 
balloon valvuloplasty showed a continued beneficial 
effect with a miid further decrease in RV outflow 
tract gradient. Thus, balloon valvuloplasty Is effec- 
tive In the rellef of pulmonary stenosis. 

(Am J Cardiol 1985;56:527-532) 


The first 7 patients underwent hemodynamic evaluation 
at a mean of 1 year after balloon valvuloplasty. Patients were 
also followed with noninvasive techniques (electrocardiogram, 
vectorcardiogram and Doppler echocardiogram). 

Hemodynamic studies: Cardiac catheterization was per- 
formed in all patients premedicated with morphine sulfate 
(0.1 mg/kg body weight, maximal 5 mg intramuscularly) and 
diphenhydramine (1 mg/kg body weight, maximal 50 mg 
orally). Two venous catheters were placed percutaneously in 
the right femoral vein and 1 arterial catheter in the right 
femoral artery. After placement of the catheters, all patients 
were given heparin (100 U/kg, maximal 2,000 U intrave- 
nously). Right and left heart hemodynamic data were obtained 
before and after (15 minutes or longer) valvuloplasty, in- 
cluding: simultaneous pulmonary artery, RV and aortic 
pressures; pulmonary blood flow (using the thermodilution 
technique in 16 of 19 patients and the Fick principle in 3 of 16 
patients); heart rate; and calculation of pulmonary valve area 
using the formula of Gorlin and Gorlin. 

Technique of balloon valvuloplasty: The technique of 
balloon valvuloplasty has remained unchanged since our 
earlier report, although we have made several modifications.^ 


` The size of the balloon angioplasty catheter (Meditech) was 
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selected to slightly exceed (1 to 2 mm) the pulmonary valve 
anulus as estimated either echocardiographically or angio- 
graphically. Dilation was performed using 2 angioplasty 
catheters in patients 17 and 19 because of the large diameter 
of the pulmonary anulus. 

Doppler echocardiography: Examinations were per- 
formed in 6 patients during cardiac catheterization while 
obtaining simultaneous hemodynamic data before and after 
balloon valvuloplasty. Ultrasonic examination was performed 
without knowledge of the hemodynamic data. 

An Advanced Technology Laboratories Mark 600 ultra- 
sound system with a 2.25-MHz pulsed Doppler transducer and 
a 2.0-MHz continuous-wave Doppler transducer was used. 
Examination began with 2-dimensional imaging of the main 
pulmonary artery from the parasternal short-axis view. Pulsed 
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Hemodynamic Data Before and Immediately After Pulmonary Valvuloplasty 


OQOoOounoeuomnonociDiDDorou 
CBE Ca T. 64.098, 0210 TASIM O OD (NE NS 
€N CD € 00 CO «f (0 (D (2 CO (0 00 «P CO TOMO + 


PBF 
(liters/min/m?) 


79 3:72£0.79 98 +29/10 +3 594141/843t 2046/1243 2144/1143 78427 38 + 13t 106+ 14/65 + 13 109+ 16/66 + 15 


` * Fick method used to determine pulmonary blood-flow; t p «0.01 before vs immediately after valvuloplasty; * p <0.05. 


=- PA = pulmonary artery; PBF = pulmonary blood flow Indexed; psg = peak systolic gradient; RV = right ventricular; SD = standard deviation. 
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and continuous-wave Doppler interrogation of the main 


pulmonary artery was done until a maximal velocity was re- 
, corded. Doppler examination of the RV outflow tract was ons 


to diagnose pulmonary regurgitation. 

The instrument calculated velocity from the frequency shift 
based on the Doppler equation.® Peak velocities were mea- 
sured from the Doppler spectral display. The peak systolic 
velocities from 3 to 4 consecutive beats were averaged and 
converted to transvalvular gradient using the simplified 
Bernoulli equation,® Grad = 4 V?, where Grad = valvular. 
gradient in’mm Hg and V = peak Doppler velocity in meters 


win 


` per second. The Doppler transvalvular gradients were com: 
. pared to simultaneously recorded peak-to-peak and peak 


instantaneous RV to pulmonary artery gradients. 
Noninvasive evaluation: Evaluation before valvulopla&ty 
and at follow-up was carried out in 13 patients with 12-lead 
electrocardiograms at rest and in 11 patients with Frank lead 
vectorcardiograms. Doppler echocardiography was also 
performed in the resting state in 11 patients at follow-up 
evaluation. | 
Statistical analysis Data a are presented as mean + gtan- 
dard deviation. Comparisons were made using the Student 
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FIGURE 1. Right ventricular (RV) systolic: pressure, RV outflow tract 
(RVOT) gradient and pulmonary valve area index (PVA) In patients 1 to 
7 before (pre), Immediately after (15 min post) and 1 year after (1 yr post) 
balloon pulmonary valvuloplasty. Results were obtained at cardiac 
catheterization and afe mean + standard deviation. 
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TABLE ii Hemodynamic Data at Follow-Up Evaluation 


Pressure (mm Hg) 





Follow-Up PBF RV-PA PVA 

Pt (mo) (liters/min/m*) RV PA psg AO (cm?/m?) 

1 9 3.26 80/10 28/12 52 138/90 0.40 

2 13 2.98 48/4 12/8 36 104/70 0.46 

3 11 3.25 50/7 19/10 31 . 102/50 0.62 

4 12 3.45 58/6 22/10 36 86/50 0.95 

5 12 3.85 64/6 32/9 32 108/60 0.70 

6 12 6.83* 55/7 22/11 33 94/44 1.10 

7 12 4.05 54/5 20/10 34 110/62 1.08 

Mean + SD 11.8 + 1.3 3.84 + 1.20 56 + 12/7 2 22 + 6/10 +2 38 + 10 106 X 16/62 + 15 — 0.76 + 0.30 

* Qp/Qs = 1.3. 
AO = aortic: PVA = pulmonary valve area; other abbreviations as in Table I. 


t test for paired data for cardiac catheterization results. 
Correlation coefficients for linear regression were calculated 
by comparison of the Doppler-predicted gradients with the 
actual gradients obtained during cardiac catheterization. 


Results 


Early hemodynamic evaluation: Before valvulo- 
plasty, 18 of 19 patients had moderate to severe (at least 
50 mm Hg systolic gradient) PS (Table I), with an RV 
outflow tract gradient of 78 + 27 mm Hg. The RV out- 
flow tract gradient decreased immediately after balloon 
valvuloplasty (38 + 13 mm Hg, p «0.01), the RV systolic 
pressure decreased (from 95 + 29 mm Hg to 59 + 14 mm 
Hg, p <0.01) and RV end-diastolic pressure decreased 
(from 10 + 3 mm Hg to 8 + 3 mm Hg, p «0.05). Pul- 
monary valve area increased (from 0.39 + 0.11 cm?/m? 
to 0.58 + 0.21 cm?/m?, p <0.01). At 15 or more minutes 
after valvuloplasty, no significant differences were ob- 
served in heart rate, arterial pressure or pulmonary 
blood flow (Table I). 

Follow-up hemodynamic evaluation: At 1-year 
follow-up hemodynamic evaluation, a further decrease 
in RV outflow tract gradient and RV systolic pressure 
occurred in 6 of 7 patients when compared with values 
obtained immediately after balloon valvuloplasty 
(Tables I and II, Fig. 1). In addition, pulmonary valve 
area increased from values immediately after valvulo- 
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FIGURE 2. Height of R wave In lead V4 (R — V4) In 13 patlents reeval- 
uated by standard 12-lead electrocardiogram 16 + 9 months 
after balloon pulmonary valvuloplasty. Results are mean + standard 
deviation. 


plasty (from 0.50 + 0.18 cm?/m? to 0.76 + 0.29 cm?/m?, 
p <0.05). 

In patient 1, an increase in RV pressure (from 54/8 
mm Hg to 80/10 mm Hg) and RV outflow tract gradient 
(from 33 mm Hg to 52 mm Hg) occurred at reevaluation 
of 9 months after the initial valvuloplasty (Tables I and 
ID. Valvuloplasty was repeated using a larger angio- 
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FIGURE 3. Right maximal spatial voltage (RMSV) and number of patlents 
with clockwise (CW) transverse loop In 11 patients reevaluated 13 + 
7 months after balloon pulmonary valvuloplasty with a Frank lead 
vectorcardiogram. Results are mean + standard deviation. 
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plasty catheter, which decreased RV pressure (from 
80/10 mm Hg to 65/10 mm Hg) and the RV outflow tract 
gradient (from 52 mm Hg to 34 mm Hg). 

Noninvasive follow-up evaluation: Follow-up 
evaluation (16 + 9 months) in 13 patients demonstrated 
a decrease in the intensity of the systolic murmur in 12 
of 13 (92%) patients and the appearance of a diastolic 
murmur consistent with pulmonary regurgitation in 2 
of 13 patients (15%). 

All 19 patients had evidence of RV hypertrophy using 
electrocardiographic standards with a mean R (or R’) 
voltage of 1.5 + 0.4 mV in lead V; and a QRS axis of 
+120 + 44° before balloon valvuloplasty. At follow-up 
evaluation (16 + 9 months) in 18 patients, a significant 
decrease in R-wave voltage occurred (from 1.6 + 0.4 mV 
to 1.0+0.6 mV, p <0.01) (Fig. 2) with a change in the 
QRS axis from +122 + 25° to +89 + 49°. 

Vectorcardiograms were performed in 15 of 19 pa- 
tients before balloon valvuloplasty with a right maximal 
spatial voltage of 1.43 + 0.80 mV and a clockwise ante- 
rior transverse loop in 8 of 15 patients (53%). Vector- 
cardiography was repeated in 11 patients 13 + 7 months 
after valvuloplasty and showed a decrease in the right 
maximal spatial voltage, from 1.62 + 0.87 mV to 0.87 + 
0.25 mV (p <0.05), and a clockwise anterior transverse 
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loop in 1 of 11 patients (9%) (Fig. 3). A sequence of 
vectorcardiograms is shown in Figure 4. 

Doppler echocardiographic evaluation: Patients 
10, 11, 13, 14, 15 and 16 underwent Doppler examination 
during hemodynamic measurements at cardiac cathe- 
terization before and immediately after valvuloplasty. 
Because no significant differences were observed be- 
tween the peak-to-peak or peak instantaneous RV 
outflow tract gradients, only the peak-to-peak RV 
outflow tract gradients measured at cardiac catheter- 
ization and the simultaneous Doppler results were used 
for data analysis. The regression line and equation de- 
picted in Figure 5 demonstrate excellent correlation 
(r = 0.99, p <0.001). 

Because the Doppler-predicted RV outflow tract 
gradients compared so closely with the hemodynamic 
measurements, 11 patients underwent Doppler exam- 
ination 15 + 9 months after valvuloplasty. The RV 
outflow tract gradient was 86 + 29 mm Hg before and 
38 + 9mm Hg immediately after valvuloplasty at car- 
diac catheterization in these 11 patients. An insignifi- 
cant decrease in RV outflow tract gradient was seen at 
follow-up Doppler examination (33 + 7 mm Hg, Fig. 6). 
Follow-up Doppler echocardiograms demonstrated mild 
pulmonary regurgitation in 8 of 11 patients (73%), 
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FIGURE 4. Progression of vectorcardiograms in 
patlent 1 using the Frank lead (X, Y, Z) vector- 
cardiogram. A, before balloon pulmonary valvu- 
loplasty; B, 10 months after balloon pulmonary 
B. valvuloplasty; and C, 28 months after balloon 


pulmonary valvuloplasty. The right maximal spatial 
voltage (RMSV) js given In millivolts; arrows de- 
note the directlon of depolarization. 
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whereas only 2 of 11 patients (18%) had clinical evidence 
of pulmonary regurgitation. 

Complications: All patients had ventricular pre- 
mature contractions with inflation of the balloon 
catheter as well as short episodes of bradycardia im- 
mediately after balloon deflation. As previously re- 
ported, patient 7 experienced a short asymptomatic 


patients have undergone 24-hour Holter electrocardi- 
ography, which has shown only grade I (Lown criteria) 
ventricular ectopy in 4 patients. After an episode of 
emesis, recurrent bleeding occurred in patient 1 at the 
venous site 2 hours after cardiac catheterization; the 
bleeding responded to direct pressure. 

Of the 7 patients who underwent follow-up hemo- 


episode of an accelerated idioventricular rhythm on the 
24-hour Holter electrocardiogram.* Subsequently, 12 


dynamic evaluation, patient 2 had had occlusion of the 
right femoral and common iliac vein 13 months after her 
110 
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Results After Surgical Intervention for : 


TABLE Ill 
Pulmonary Stenosis 
. Natural History 
. Final Pressure St Present Study 
. Gradients (mm Hg) (n = 234) . (n = 18) 
«25 188 (8096) 2 (1096) 
25-49 36 (1696) 14 (7496 
>50 10 (4%) 3 16%) 


initial evaluation at age 2 years. This was probably re- 
lated to the balloon valvuloplasty procedure, in view of 
the large size (No. 9.0Fr) of the catheter. 


Discussion 


. 'lransluminal balloon valvuloplasty is a safe and ef- 
fective treatment for moderate to severe PS. Several 
investigations have demonstrated the acute hemody- 
namic changes associated with this method of treat- 
ment.1-9 The results reported are in agreement with 
those of Kan et al9" and support the fact that the relief 
of the RV outflow tract obstruction is long-lasting. In 
the 7 patients who underwent hemodynamic evaluation 
1 year after valvuloplasty, there was à small continued 
decrease in RV systolic pressure as well as RV outflow 
tract gradient. In addition, the first 13 patients have 
undergone evaluation (15 + 9 months) either by Dop- 
pler examination or by cardiac catheterization (patients 
.3 and 4). The RV outflow tract gradient continued to 
decrease from values obtained immediately after val- 
vuloplasty (from 40 + 8 mm Hg to-33 + 7 mm Hg) in. 
these 13 patients. The results after surgical intervention 
for PS reported in the natural history study compare 
favorably with our results (Table III), although there 
was a tendency for higher RV outflow tract gradients 
in the balloon valvuloplasty group.? 

À continued decrease in the RV outflow tract gradient 
was seen on follow-up evaluation. As previously re- 
ported, after balloon valvuloplasty the most striking 
feature on RV angiography was the severity of dynamic 


subvalvar obstruction.* This may represent the site of 
greatest anatomic RV .outflow tract obstruction 
immediately after valvuloplasty and probably 
regresses with time (as has been shown after surgical 


. valvotomy); regression may explain the continued, 


improvement.!0.11 

In conclusion, these results support the belief that 
balloon valvuloplasty i is effective chronically in the relief 
of PS and may be considered the treatment of choice. 
Furthermore, follow-up can now safely be performed 


‘without the use of cardiac catheterization by using 


electrocardiography, vectorcardiography and Doppler 
echocardiography for the assessment of the severity of 
residual PS. However, longer follow-up is necessary, and 
cardiac catheterization should' be used in any patient 
in whom a question arises concerning the severity of the 
residual RV outflow tract gradient. 
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From 1980 through 1984, 28 children younger than 
19 years (mean 7.9) underwent cardiac valve re- 
placement with 30 mechanical prostheses. Patients 
were followed for a total of 471 months (mean 15.7) 
and received either warfarin (mean 0.16 mg/kg/ 
day) or acetylsalicylic acid and dipyridamole (mean 
6.1 and 1.9 mg/kg/day, respectively) as thrombo- 
embolism prophylaxis. The frequency and incidence 
of thromboembolism and hemorrhage were com- 
pared. Warfarin-treated patients were at increased 
risk of hemorrhage (5 of 20 [25%|, or 22 per 100 
patient-years, vs 0 of 10 [0926], or 0 per 100 pa- 
tient-years, p «0.05). Three of the 5 hemorrhagic 
episodes were mild, and in no case was hemorrhage 





Thromboembolism is an important time-related com- 
plication of mechanical prosthetic cardiac valve re- 
placement. Numerous studies of adults show the su- 
periority of anticoagulation with warfarin alone!-? or 
in combination with antiplatelet therapy over treat- 
ment with acetylsalicylic acid (ASA) and dipyridamole 
(DIP) as thromboembolism prophylaxis. The optimal 
anticoagulation regimen for children is controversial. 
This article assesses the efficacy of warfarin vs ASA and 
DIP in thromboembolism prevention in 28 children 
with 1 or more prosthetic cardiac valves. 


Methods 


From January 1, 1980 through December 31, 1984, 35 pa- 
tients younger than 19 years received prosthetic mitral or 
aortic valves at Children's Hospital National Medical Center. 
Three patients died at operation (8.6%). Of the 32 survivors, 
28 patients with 30 prostheses were available for follow-up and 
form the basis of the study. Patients were separated into 2 
groups according to anticoagulation regimen. The 20 patients 
in group 1 received warfarin and the 10 patients in group 2 
received ASA and DIP (Tables I and II). Age at operation, 
length of follow-up, valve size and type, and medication dose 
were determined in all patients. The most recent prothrombin 
to control ratio (PTR) was recorded in all group 1 patients. 
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Address for reprints: Frank M. Midgley, MD, Department of Cardio- 
vascular Surgery, Children's Hospital National Medical Center, 111 
Michigan Avenue, N.W., Washington, D.C. 20010. 
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life-threatening. Patients who did not receive war- 
farin had a greater risk of thromboembolism (2 of 10 
[2096 |, or 12 per 100 patient-years, vs 0 of 20 [0%], 
or 0 per 100 patient-years, p « 0.05). Both episodes 
of thromboembolism were life-threatening and ne- 
cessitated emergency valve replacement. Although 
warfarin is associated with greater risk of hemor- 
rhage than is acetylsalicylic acid and dipyridamole, 
warfarin is better than antiplatelet drugs in throm- 
boembolism prophylaxis and is indicated for anti- 
coagulation therapy in children with mechanical | 
cardiac prostheses. 


(Am J Cardiol 1985;56:533-535) — 
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Anticoagulation status was designated low (PTR less than — 
1.5), therapeutic (PTR 1.5 to 2.5) or high (PTR 2.5 or 3 
greater). M 

Medical records were reviewed for reported episodes of | 
thromboembolism and hemorrhage. Thromboembolism was 
defined as valve obstruction from clot formation, unexplained — 
stroke, myocardial infarction or peripheral pulse loss. Hem- 
orrhage was classified as fatal, serious (requiring hospitali- — 
zation or blood transfusion), or mild (no hospitalization or 3 
change in therapy). Complication rates were expressed both - 
as frequency (96) and as incidence per 100 patient- years. z^ i s 

Log-rank chi-square tests were used in group comparisons. 
The null hypothesis was rejected at the p «0.05 level. Data are 
presented as mean + standard error of the mean. 










Results 


Patient data: The characteristics of the patients are _ 
shown in Tables I and II. Patients were 3 months to 19 -: 
years old (mean 7.9 + 1.1 years) and were followed for __ 
0.5 to 46 months (mean 15.7 + 2.1). The cumulative — - 
follow-up time was 471 months, or 39.3 patient-years. —. 
Nineteen prostheses were Bjórk-Shiley, 10 were St. Jude — . 
Medical, and 1 prosthesis was Shiley-Ionescu. Eien 
aortic and 22 mitral prostheses had been implanted. © 
Valve size ranged from 15 to 29 mm (mean 22.6 + 0.7). — 
All patients had sinus rhythm at initial operation. i 

Anticoagulation regimen: Patientsingrouplwere  - 
treated with warfarin (range 0.05 to 0.34 mg/kg/day, 
mean 0.16). Mean warfarin dose did not vary signifi- 
cantly according to prosthetic valve position. The PTR 
in group 1 ranged from 1.2 to 3.3 (mean 1.9) and was low. 
in 4 (20%), therapeutic in 13 (65%) and high in 3 (15%). — . 
Group 2 received ASA (range 1.5 to 12.9 mg/kg/day, — 
mean 6.1) and DIP (range 1.0 to 4.2 mg/kg/day, mean  . 
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TABLE! Profile of Patients with Prosthetic Aortic Valves 


ee 
3i 


Medication (mg/kg/day) 


^ Age FU Valve Size Sse ee ee T A ee 
Pt (mo) (mo) and Type W ASA DIP 
1 52 46 19, SJ 12.9 2-1 E q 
2 84 37 19, SJ 0.13 
3 99 12 23, SJ 0.19 
4 132 20 23, BS 0.08 
5 156 12 23, SJ 0.05 
6 168 31 19, BS 12.3 1.0 
7 192 22 25, BS 0.10 
8 205 5 25, SJ 0.11 


ASA = acetylsalicylic acid; BS = Bjórk-Shiley; DIP = dipyridamole; FU = follow-up interval; SJ = St. 
Jude Medical; W = warfarin. 


TABLE I| Profile of Patients with Prosthetic Mitral Valves 
Medication (mg/kg/day) 
Age FU Valve Size p ZO a VEN SE a, Bape, T 
Pt (mo) (mo) and Type W ASA DIP 
i 3 17 17, BS 0.31 
10 4 6 15, SJ 0.34 ar 
11 4 10 17, BS 6.2 4.2 
12 10 14 23, SJ 5.9 2.0 
13 11 13 19, SJ 0.31 
14 17 11 17, BS 0.23 
15 21 28 19, BS 4.9 1.6 
16 27 21 19, SJ 4.6 1.6 
17 28 13 19, SJ 3.0 2.0 
18 48 17 25, BS 0.17 
19 50 10 29, BS 4.2 1.4 
20 55 1 25, SJ 5.6 1.4 
56 13 25, BS 0.17 
21 72 16 23, BS 0.30 
22 114 7 25, BS 0.11 
23 118 0.5 27, SJ 0.19 
24 154 42 25, BS 0.07 
25 155 11 27, BS 0.13 
26 180 6 27, BS 0.18 
27 197 8 29, BS 0.06 
28 206 21 25, BS 1.5 1.5 
227 0.5 25, SJ 0.05 


Abbreviations as in Table |. 


.9). The mean ASA dose was lower in patients with 
nitral prostheses than in those with aortic prostheses 
4.5 vs 12.6 mg/kg/day). 
. Thromboembolism and hemorrhage: All throm- 
»»embolism and hemorrhagic events are summarized 
n Table III. There were 2 episodes of thromboembolism 
n 39 patient-years, an incidence of 5 per 100 patient- 
rears. No thromboembolism occurred in patients with 
ortic prostheses. The incidence of thromboembolism 
vas higher in group 2 than in group 1 (2 of 10 [20%], or 
2 per 100 patient-years, vs 0 of 20 [0%], or 0 per 100 
iatient-years, p <0.05). When only the patients with 
nitral prostheses were analyzed, those in group 2 had 
. greater risk of thromboembolism (2 of 8 [25%], or 14.3 
ver 100 patient-years, vs 0 of 14 [0%], or 0 per 100 pa- 
ient-years, p <0.05). Both the affected patients re- 
|uired emergency valve replacement and survived. 
There were 5 episodes of hemorrhage, an overall in- 
idence of 13 per 100 patient-years (Table III). All 
pisodes were in patients in group 1 (5 of 20 [25%], or 22 
ier 100 patient-years, vs 0 of 10 [0%], or 0 per 100 pa- 
lent-years, p <0.05). The mean warfarin dose and PTR 
vere similar in patients with and without hemorrhage 
warfarin dose 0.14 and 0.15 mg/kg/day, PTR 1.8 and 
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2.0, respectively). In only 1 of 5 patients with hemor- 
rhage was the PTR high. Three of 5 bleeding episodes 
(60%) were mild and 2 (40%) required transfusion or 
change in therapy. In no case was hemorrhage life- 
threatening. No bleeding was reported in children 
younger than 34 months of age. Minor trauma precipi- 
tated 2 episodes of hemorrhage; the other 3 episodes 
were spontaneous (2 epistaxis, 1 hematuria). 


Discussion 


The optimal anticoagulation regimen in children with 
prosthetic cardiac valves has not been established. No 
previous study evaluated the efficacy of warfarin com- 
pared with antiplatelet therapy in children. Although 
many studies combine both mechanical and biopros- 
theses,’-!° thromboembolism is rare with biopros- 
theses.!!-!4 Reported rates of thromboembolism in 
children range from 0 to 50%, regardless of anticoagu- 
lation regimen.15-1? Our data demonstrate the increased 
risk of thromboembolism with antiplatelet therapy and 
the increased likelihood of bleeding with warfarin. 


Bleeding: The incidence of bleeding among war- 


farin-treated patients in our series is nearly 10 times the 
weighted mean of serious bleeding complications re- 
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Hoan and Hemorrhage in Children 





f- Thromboembolism Hemorrhage 
^ ; Per 100 Per 100 
| Group n Pt-Yr n Pt-Yr n Pt-Yr 
ee 3 20 23 0 0 5* 22 
EG 10 16 2* 12 0 0 
EN 02 55 5. 13 — 
3 p <0.05 


.Pt-Yr = patient-years. 


_ ported in adults.? Our results document the increased 


risk of bleeding in children treated with warfarin com- 
pared to those treated with ASA and DIP when all 
bleeding episodes are considered. The unreliability of 
PTR as a test of bleeding is unsettling. In our series, 1 
of 3 patients (3396) with a high P'TR had bleeding epi- 
sodes, compared with 4 of 13 patients (31%) with a 
therapeutic PTR. Further investigation on the phar- 
macokinetics of warfarin in children is needed. 
Thromboembolism: Our data show excessive risk of 
thromboembolism in patients treated with ASA and 
DIP and are consistent with previous prospective clin- 
ical trials in adults.^? Thromboembolism is not a 
function of valve size or type in our series, but is related 
to valve position. Both thrombosed valves measured 25 
mm and were in the mitral position; 1 was a Bjórk- 


Shiley and the other a St. Jude Medical valve. This ex- 


perience differs from that of Pass et al,!° who reported 
no thromboembolism in children with St. Jude Medical 
cardiac prostheses who did not receive anticoagulation 
therapy. Since thromboembolism is fatal in 10% and can 
lead to permanent neurologic sequelae,!? effective 
prophylaxis is critical, especially in patients with mitral 
prostheses. Our results support the continued use of 
warfarin as thromboembolism prophylaxis. 

Dose of warfarin: The dose of warfarin ranged from 
0.05 to 0.34 mg/kg/day (mean 0.16), with 6596 of patients 
virt S therapeutic P'TRs. The mean warfarin dose 

among infants younger than 12 months was 0.32 mg/ 


kg/day, double that of the group as a whole. 


Dose of antiplatelet drugs: The mean ASA dose (6.1 
mg/kg/day) was based on evidence from adult?9?! and 
pediatric?? studies that a single oral dose of ASA pro- 
vides effective suppression of platelet aggregation and 
adenosine diphosphate release.2? The mean DIP dose 
(1.9 mg/kg/day) is considerably lower than the 400- 
mg/day dosage (estimate 5.7 mg/kg/day for a 70-kg 
adult) documented to increase platelet survival and 
decrease consumption on prosthetic cardiac valves in 
adults. However, with concurrent ASA administration, 
DIP dose can be reduced 4-fold (estimate 1.4 mg/kg/ 
day) and remain an effective antiplatelet agent.?4?5 The 
latter dose is comparable to that in our series. 
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Despite the increased rist of nonfatal a toad 
associated with its use, warfarin remains the antico- . 
agulant drug of choice in pediatric patients with pros- 
thetic cardiac valves. Further collaborative prospective | 
studies are needed to assess the efficacy of combin: | 
warfarin and DIP therapy in thromboembolism pro- $, 
phylaxis in children. | 
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Extravascular Lung Water in Children Immediately After 
- Operative Closure of Either Isolated Atrial Septal Defect 
or Ventricular Septal Defect 


ROBERT N. VINCENT, MD, CM, PETER LANG, MD, E. MARSHA ELIXSON, RN, BSN, 
RICHARD JONAS, MD, and ALDO R. CASTANEDA, MD, PhD 





xtravascular lung water (EVLW) was measured in 
5 patients with congenital heart disease by the cold 
‘een dye, double indicator dilution technique. Five 
atients with optimally corrected tetralogy of Fallot 
»rved as controls, and EVLW in this group was 4.7 
0.5 ml/kg (111 + 13 ml/m?) (mean + standard 
»viation). In 5 asymptomatic patients with atrial 
iptal defect (ASD), normal pulmonary artery (PA) 
'ssure and increased pulmonary blood flow, 
VLW was 5.7 + 2.8 ml/kg (132 + 63 ml/m?), 
hich was not significantly different from the value 
control patients. However, in 6 patients with 
»ntricular septal defect, PA hypertension, normal 


left atrial pressure and an equivalent left-to-right 
shunt to ASD patients, EVLW was 15.9 + 3.8 ml/kg 
(270 + 60 ml/m?). This was significantly different 
from values in both control and ASD patients (p 
<0.01). It is concluded that in the face of normal 
pulmonary vascular resistance, PA pressure is 
transmitted to the microvasculature, causing hy- 
drostatis pulmonary edema. Other factors that may 
be implicated in the pathogenesis of pulmonary 
edema, such as increased pulmonary blood flow and 
relative lymphatic insufficiency in infants, cannot be 
excluded. 

(Am J Cardiol 1985;56:536-539) 





fants and children with congenital heart disease who 
ive clinical signs of congestive heart failure (tachyp- 
ia, tachycardia, cardiomegaly, hepatomegaly and 
ilure to thrive) and pulmonary artery (PA) hyper- 
nsion from large left-to-right shunts have increased 
travascular lung water (EVLW) despite normal left 
rial pressure. To investigate the pathophysiology of 
VLW in children with congenital heart disease and 
't-to-right shunts, EVLW was measured in 5 children 
th atrial septal defect (ASD) and normal PA pressure, 
id in 6 patients with ventricular septal defect (VSD) 
id elevated PA pressure. 


Methods 


EVLW was measured in 5 patients with ASD (age 2 years, 
month to 3 years, 11 months, median 3 years, 4 months), 
imediately after cardiac surgery. All patients were well be- 
re surgery and none displayed the clinical findings of con- 
stive heart failure. Two patients had a secundum ASD, 2 a 
imum ASD without significant mitral regurgitation and 1 
tient a coronary sinus septal defect. Four of these 5 patients 
iderwent cardiac catheterization before surgery. Results 
re compared with those from 5 control patients (age 11 
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months to 8 years, 9 months, median 1 year, 5 months) with 
optimally corrected tetralogy of Fallot, studied at the time of 
a 1-year postoperative cardiac catheterization. Six patients 
with VSD (age 2 months to 1 year, 8 months, median 6 
months) and congestive heart failure before surgery were also 
used for comparison. 

EVLW was measured using the cold green dye, double in- 
dicator dilution method as previously described.'? For control 
patients 3 ml of 5% dextrose in water (0°C) containing 2.5 mg 
of CardioGreen® contrast material were injected into the 
central venous port of a No. 5Fr quadralumen thermodilution 
catheter and thermodilution cardiac output was measured on 
an Instrumentation Laboratories 701 cardiac output computer 
using the PA thermistor. A No. 3Fr double-lumen thermodi- 
lution catheter (Edwards Laboratories, 94-011-3F) inserted 
into the femoral artery was used to obtain left-sided green dye 
and thermodilution curves, and these curves were recorded 
on a Hewlett Packard 8-channel hemodynamic recorder. 

In patients with ASD and VSD studied in the immediate 
postoperative period (1 to 5 hours after surgery), the types and 
position of the catheters were modified. At the end of surgery, 
19 gauge fluid-filled polyethylene catheters were placed in the 
right atrium and PA, a No. 2Fr thermistor in the PA and a No. 
3Fr double-lumen thermodilution catheter was placed with 
its tip in the left atrium. Three milliliters of cold green dye 
were injected into the right atrial catheter and thermodilution 
cardiac output was measured using the PA thermistor. The 
left atrial catheter was used to obtain the left-sided thermo- 
dilution and green dye curves. 

Green dye and thermodilution curves were analyzed as 
previously described.! The beginning of the curve was taken 
as the visually observed deviation from baseline, and the 2 
curves were aligned to start at the same time. The best-fit 
exponential curve was computed by multiple passes on the 
downslope of the curve and the curve extrapolated to one- 
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tenth of 1% above baseline. Using this curve and area, mean 
transit time was calculated.? Extravascular thermal volume 
was then calculated using the difference of the mean transit 
times of the 2 curves multiplied by the cardiac output.? EVLW 
was assumed to be equal to the calculated extravascular 
thermal volume, as these 2 indexes correlate well.3-5- The value 
of EVLW was determined by averaging 3 measurements. 
Microvascular pressure was calculated by the equation: MVP 
= LAP + 0.4 (PAP — LAP), where MVP, LAP and PAP 
refer to the mean pressures of the microvasculature, left 
atrium and PA, respectively. Results were analyzed using the 
Wilcoxon signed rank test. 


Results 


The hemodynamic profile and the measurement of 
EVLW in all patients are displayed in Table I. EVLW 
n control patients was 4.7 + 0.5 ml/kg (111 + 13 ml/m?) 
‘mean + standard deviation). Patients with ASD had 
1 value of 5.7 + 2.8 ml/kg (132 + 63 ml/m?), which was 
not significantly different from that in control patients. 
There was also no significant difference between these 
2 groups in terms of age, left atrial or right atrial pres- 
sure either before or after ASD closure, microvascular 
pressure before ASD closure or cardiac index. 

In contrast, patients with VSD and congestive heart 
ailure before surgery had a marked elevation of EVLW 
neasured in the immediate postoperative period, 15.9 
E 3.8 ml/kg (270 + 60 ml/m?). This was significantly 
lifferent from values in both control and ASD patients 
p <0.01). However, the patients with VSD were also 
rounger than those with ASD and had higher PA pres- 
ure and increased microvascular pressure before sur- 
rery. Their pre- and postoperative left and right atrial 
»ressures and pulmonary to systemic blood flow ratio 
vere not different from those of patients with ASD. 


Discussion 


The pathophysiology of congestive heart failure in 
atients with congenital heart disease and left-to-right 
hunts is not well understood. The present study shows 
hat patients with VSD, congestive heart failure, in- 
reased pulmonary blood flow and PA hypertension 
ave increased EVLW despite normal left atrial pres- 
ures. However, asymptomatic patients with ASD who 
ave normal PA pressure but an equivalent increase in 
ulmonary blood flow do not have elevated EVLW. 
‘hese findings are not a result of operative technique.78 
t appears, therefore, that PA pressure is at least par- 
ally responsible for this difference. Experimental ev- 
lence supports this concept. Direct measurement of 
iicrovascular pressures in the isolated dog lung has 
10wn that the pressure profile across the lung is linear, 
ithout the large pressure drops that one would see if 
yere were discrete pulmonary artery sphincters.9.10 

The role of increased pulmonary blood flow in the 
athophysiology of pulmonary edema is also unknown. 
niderman et al!! showed that above a critical left atrial 
ressure, the development of pulmonary edema paral- 
ls the pulmonary blood flow. Mayer et al!? created 
rerperfusion of one or the other sheep lung by balloon 
:clusion of the opposite pulmonary artery. Because 
diac output remained stable, the perfusion of the 
maining lung approximately doubled. PA pressure 
se slightly (from 15 mm Hg to 23 mm Hg), but lung 
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lymph flow did not change. Left atrial pressure re- 
mained at 7 mm Hg. With more extensive resection of 
lung mass (65%) resulting in an approximate 3-fold in- 
crease in regional pulmonary flow, Landolt et al!? in- 
creased PA pressure (from 13 mm Hg to 23 mm Hg) and, 
lung lymph flow. Left atrial pressure rose from 7 to 9 
mm Hg. They measured lymph:plasma protein ratio 
and concluded that the increase in lymph flow was a 
result of increased microvascular hydrostatic pressure 
and linear blood flow velocity. 

Using the data from 2 studies,!213 microvascular 
pressure rose from 10.2 to 12.6!? and from 9.4 to 14.6.13 
Whether the increase in lymph flow observed in the 
latter study is due solely to the small increase in mi- 
crovascular pressure, the higher regional pulmonary 
blood flow or a combination of both is unknown. 

We had 1 patient (no. 10) with VSD and relatively 
normal PA pressure (21 mm Hg) in whom EVLW was 
elevated, and 1 patient (no. 5) with ASD and mildly 
increased EVLW. Rarely, infants are seen with either 
ASD or VSD with large shunts and normal or mildly 
elevated PA pressure who present in congestive heart 
failure. Therefore, one cannot exclude the role of high 
pulmonary blood flow in the pathogenesis of heart 
failure in infants and children. 

The ability of the lymphatic system to accept and 
accommodate increases in lung fluid is unknown. There 
may be some degree of lymphatic insufficiency in in- 
fants and young children. In situations of increased 
lymph formation, which may include increased pul- 
monary blood flow, the inability to increase lymph flow 
would result in pulmonary edema. One can speculate 
that infants with ASD do not usually have congestive 
heart failure or do not have clinical signs of an ASD 
because they do not have a substantial left-to-right 
shunt during the first year of life. With increasing age, 
as right ventricular compliance decreases and the 
magnitude of the left-to-right shunt increases, the 
lymphatic system might be more able to handle any 
increased lymph formation. In contrast, the large left- 
to-right shunt seen in infants with VSD might overrun 
the capacity of the lymphatic system before it has 
matured. 


Acknowledgment: We thank Laura Young and Mary 
Hornby for their assistance in the preparation of this 
manuscript. 
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Assessment of Right Ventricular Outflow Tract 
in Children by Two-Dimensional Echocardiography 
Using a New Subcostal View 


Angiocardiographic and Morphologic Correlative Study 


KARL ISAAZ, MD, JEAN L. CLOEZ, MD, NICOLAS DANCHIN, MD, 
FRANÇOIS MARÇON, MD, ANNE M. WORMS, MD, and CLAUDE PERNOT, MD 


Evaluation of the right ventricular (RV) outflow tract 
in congenital heart disease is extremely important 
for surgical management. Therefore, the value of 
2-dimensional echocardiography (2-D echo) to 
assess the RV outflow tract was studied using a new 
approach: the subcostal elongated right oblique 
view. Twenty normal children and 49 children with 
congenital heart disease, aged 1 day to 11 years, 
were studied. Significant pulmonary infundibular 
obstruction was present in 22 patients with cono- 
truncal malformations. To obtain the subcostal 
elongated right oblique view from the short-axis view 
at the aortic valve level, the transducer was slightly 
rotated clockwise with an anterior angulation of 
about 30° so that the ascending aorta was seen in 
its long axis, providing an image similar to that ob- 
tained by a right ventriculogram in the elongated 
right anterior oblique view. The deviation of infun- 
dibular septum was appreciated by measurement 
of the angle a, defined by the long axis of the in- 
fundibular septum and the plane of aortic cusps. This 
view could be obtained in 64 patients (92%). In 


correlation with angiographic or anatomic data, the 
subcostal elongated right oblique view permitted 


recognition of several types of RV outflow tract: type — 


I—normally formed RV outflow tract; type ll—dis- 
organized RV outflow tract with obstruction (a 
«90? ); type Ill and IV—disorganized RV outflow 


tract with obstruction (œ 290^). This view could © 


visualize the crista supraventricularis in type I, but 
also the anatomic components of RV outflow tract 
that may contribute to obstruction in the other types: 
infundibular septum, septoparietal trabeculations 
and trabecula septomarginalis. The subcostal 
elongated right oblique view was superior to stan- 
dard 2-D echo views in imaging the RV outflow tract 
anatomy and defining the severity and type of in- 
fundibular obstruction. Thus, 2-D echo using the 
subcostal elongated right oblique view provides a 
safe, noninvasive technique for the serial evaluation 
of RV outflow tract in children both before and after 
surgical correction. 


(Am J Cardiol 1985;56:539-545) 


SS a aC MMMEMMA. AL AL n A o 


A precise evaluation of the right ventricular (RV) out- 
flow tract is important for diagnosis, prognosis and 
surgical management of congenitally malformed hearts. 
The normally formed RV outflow tract is a muscular 
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tube, which is formed anteriorly by the parietal ven- 
tricular wall and posteriorly by a muscular shelf that 
separates the pulmonary and tricuspid valves (crista 
supraventricularis). The crista inserts in the normal 
heart between the limbs of an extensive Y shaped right 
ventricular septal trabeculation termed the “trabecula 
septomarginalis." 14 The term “crista” must be re- 
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served for hearts with normally formed RV outflow — | 


tract. In malformed hearts, the RV outflow tract — 
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anatomy can no longer be considered in a term similar 
to that of the normal heart. The 2 components of the 
normal crista, the ventriculoinfundibular fold and 
the infundibular septum,!-? may come apart so that 
each requires specific identification. A malformed RV 
outflow tract occurs in various congenital heart 
disease, the most common being tetralogy of Fallot. 
An abnormal RV outflow tract is the hallmark of this 
anomaly.$-5 The pulmonary infundibular obstruction 
is produced, in all instances, by the displacement of 
the infundibular septum, which is the essence of the 
anomaly,® and may be further produced by other 
anatomic components: hypertrophy of the infundibular 
septum, septoparietal trabeculations,? trabecula septo- 
marginalis.®*10.11 Previous studies!?-15 have shown the 
value of 2-dimensional echocardiography in the diag- 
nosis of congenital heart disease, but few assessed the 
RV outflow tract. Our purpose was to obtain a better 
assessment of the RV outflow tract using a modified 
subcostal view, the subcostal elongated right oblique 
view. This echocardiographic approach permitted us to 
recognize normal from abnormal (disorganized with or 
without obstruction) RV outflow tract and best dem- 
onstrated the severity and type of the infundibular 
obstruction when present. 





Methods 


Patients: This study included 69 infants and children who 
underwent prospective 2-dimensional echocardiography be- 
tween October 1983 and October 1984. Twenty children had 
no heart disease (aged 3 days to 20 months, mean 4.6 months), 
20 had tetralogy of Fallot (aged 1 day to 11 years, mean 22 
months), 2 had pulmonary atresia with ventricular septal 
defect (aged 4 months and 1 year), 15 had isolated ventricular 
septal defect (aged 10 days to 26 months, mean 3 months), 1 
patient had double outlet right ventricle with subaortic ven- 
tricular septal defect and normally related great vessels (1 
month), 1 had arteriovenous aneurysm of the brain (aged 8 
days) and 10 had cardiomyopathy (aged 3 to 18 months, mean 
6). Diagnosis was confirmed in all children with heart disease 
by cardiac catheterization. 

Methods: Two-dimensional echocardiography was per- 
formed with a mechanical real time sector-scanner ATL MK 
600, with a 3- or 5- MHz transducer. Cross-sectional studies 
were recorded on a VHS Panasonic videotape recorder. Still 
frames were converted to hard copy. 

The RV outflow tract was displayed as follows. From the 
subcostal short-axis view at the aortic valve level, described 
previously!6-1? (Fig. 1), the transducer was slightly rotated 
clockwise with an anterior (caudocranial) angulation of about 
30? so that the ascending aorta was seen in its long axis. T'his 
view simultaneously displayed the right atrium, superior vena 
cava, tricuspid valve, inlet and trabecular part of the right 


FIGURE 1. Subcostal 2-dimensional 
short axis view at aortic valve level. 
Left, plane of section. Right, the car- 
diac anatomy imaged from this view. 
Ao = aorta; | = inferior; L = left; LA = 
left atrium; PA = pulmonary artery; R = 
right; RA = right atrium; RVOT = right 
ventricular outflow tract; RV = right 
ventricle; S = superior. 


FIGURE 2. Subcostal elongated right 
oblique view. Left, plane of section. 
Right, the cardiac anatomy imaged 
from this view. Ao = aorta; AW = an- 
terior wall of the right ventricle; | = in- 
ferior; L = left; PA = pulmonary artery; 
R = right; RA = right atrium; RV = right 
ventricle; RVOT = right ventricular 
outflow tract; S = superior; SVC = 
superior vena cava. 
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ventricle, RV outflow tract with its components (Fig. 2) and 
long axis of the pulmonary valve. The left pulmonary artery, 
which was located on a more posterior plane, could not be seen 
in this cut. The right pulmonary artery was sometimes visible 
e when enlarged. 

To appreciate the degree of infundibular obstruction owing 
to the deviation of infundibular septum in patients with a 
disorganized RV outflow tract, we measured in diastole the 
angle “a” (Fig. 3), defined by a line (xy) through the points 
of insertion of the aortic leaflet and a line (x’y’) through the 
long axis of the infundibular septum drawn in the middle of 


FIGURE 3. Left, measurement of the 
angle a between the plane of the aortic 
cusps (xy) and the long axis of the in- 
fundibular septum (x'y') in a heart with 
a hypothetical subaortic ventricular 
septal defect seen in the subcostal 
elongated right oblique view. Right, the 
different shapes of infundibular septum 
(IS) as observed on the subcostal 
elongated right oblique view, and how 
the line of the long axis of the IS (x’y’) 
is drawn in each case. Ao — aorta; AoV 
= aortic valve; AW = anterior wall of 
the right ventricle; | = inferior; L = left; 
PV = pulmonary valve; R = right; RA = 
right atrium; RV = right ventricle; S = 
superior; SVC = superior vena cava. 


SVC 


FIGURE 4. The different types of right ventricular outflow 
tract as observed on the subcostal elongated right oblique 
view. A, type |. The crista supraventricularis (spotted 
area) is normally formed. B, type II. The crista is broken 
because of a subaortic ventricular septal defect; the in- 
fundibulum is large. C, type Illa. The infundibular septum 
(IS), which forms the anterior boundary of a subaortic 
ventricular septal defect, is deviated and creates an in- 
fundibular stenosis. D, type Ilig. Like in type Illa, but with 
a more severe infundibular obstruction because of a 
deviated IS with hypertrophy of its septal insertion and 
of septoparietal trabeculations. E, type IV. Low infun- 
dibular obstruction resulting from fusion between the 
deviated infundibular septum and a hypertrophied tra- 
becula septomarginalis (TSM). Ao = aorta; AoV = aortic 
valve; AW = anterior wall; PV = pulmonary valve; RA = 
right atrium; RV = right ventricle; SVC = superior vena 
cava. 





the infundibular septum between the lower point of this - 3 


structure and its upper insertion. 


Results 1 
RV outflow tract visualization was obtained by this’ 
new subcostal view in 18 of the 20 patients (90%) with- | 
out heart disease and in 46 of the 49 patients (94%) vith 3 
heart disease. The best images were obtained when the 


right ventricle was enlarged. Thus, the entire RV out- — 


flow tract could be identified in all cases of tetralogy of | 
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42 ASSESSMENT OF RIGHT VENTRICULAR OUTFLOW TRACT IN CHILDREN 


"allot (100%). Examining the RV outflow tract using 
his subcostal view, we observed 4 types of RV outflow 
ract (Fig. 4): 

Type I: Type I was defined by the existence of a dense 
tructure separating the tricuspid from the pulmonary 
alve, which corresponds to the crista supraventricu- 
aris. This type was encountered in children without 
ardiac disease (n = 18) and in children with heart dis- 
ase but without disorganized RV outflow tract (n = 10) 
Fig. 5). 

Type II: Type II was defined by the existence of a 
efect between the infundibular septum and the supe- 








rior part of tricuspid anulus and by a pulmonary in- 
fundibulum without obstruction. The defect corre- 
sponds to a subaortic ventricular septal defect extending 
toward the outlet. This type was encountered in pa- 


tients with isolated ventricular septal defect and in the e 


patient with double outlet right ventricle with normally 
related great vessels and subaortic ventricular septal 
defect (Fig. 6). 


Type III: Type III was defined by the existence of a 


defect between the infundibular septum and superior 
part of the tricuspid anulus and by a narrowed pulmo- 
nary infundibulum, produced in all instances by dis- 


vena cava. 


FIGURE 6. Type Il of right ventricular 
outflow tract. A and B, 2-dimensional 
echocardiogram in the subcostal 
elongated right oblique view showing 
an abnormal right ventricular outflow 
tract without obstruction in a patient 
with double outlet right ventricle, sub- 
aortic ventricular septal defect and 
normally related great vessels: o is 
85°. Ao = aorta; | = inferior; IS = in- 
fundibular septum; L = left; PA = pul- 
monary artery; R = right; RA = right 
atrium; RV = right ventricle; S = su- 
perior; VIF = ventriculoinfundibular fold 
separating the aortic valve from the 
tricuspid valve. 


FIGURE 7. Type Ill, of right ventricular outflow tract. 
Two-dimensional echocardiogram in the subcostal 
elongated right oblique view shows an abnormal right 
ventricular outflow tract with moderate obstruction due 
to a deviated infundibular septum (IS) in a patient with 
tetralogy of Fallot. a is 100°. Ao = aorta; AW = anterior 
wall of the right ventricle; | = inferior; L = left; R = right; 
RA = right atrium; RV = right ventricle; S = superior. 


FIGURE 5. Type | of right ventricular 
outflow tract, anatomic correlation. A, 
2-dimensional echocardiogram in the 
subcostal elongated right oblique view 
showing a normally formed right ven- 
tricular outflow tract in a patient with 
severe myocardiopathy and distended 
right ventricle. The crista supraventri- 
cularis (CSV) is visualized as a dense 
structure between the tricuspid valve 
(TV) and the pulmonary valve; the 
septoparietal trabeculations (spt) and 
the trabecula septomarginalis (TSM) 
are also visualized. B, specimen from 
the same patient cut in the presumed 
plane of section. Ao = aorta; PA = 
pulmonary artery; RA = right atrium; 
MB = moderator band; svc = superior 


^ 
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placement of the infundibular septum and in some cases 
by additional anatomic components. All patients (n = 
19) in our series who presented type III outflow tract 
had tetralogy of Fallot or pulmonary atresia with ven- 
tricular septal defect. Two subgroups were defined: in 
type IIIA, the infundibular septum did not reach the 
anterior free wall of the right ventricle and left a narrow 
passage in the RV outflow tract (Fig. 7). In type IIIg, the 
infundibular septum crossed the RV outflow tract and 
reached the anterior free wall of the right ventricle 
owing to the hypertrophy of its septal extension or of 
septoparietal trabeculations (Fig. 8). 

Type IV: Type IV was defined by a defect between 
the deviated infundibular septum and the superior part 
of the tricuspid anulus and by the fusion of a hyper- 
trophied TSM with the infundibular septum producing 
an inferior infundibular stenosis. This type was seen in 
3 patients with clinical history and auscultatory findings 
of tetralogy of Fallot in whom right ventricular angi- 
ography revealed an aspect of double chambered right 
ventricle (Fig. 9). 

The angle a, as defined above, could be measured in 
all patients with a disorganized RV outflow tract. In 
type II, the angle a was always less than 90? (mean 74 





FIGURE 8. Type Illg of right ventricular outflow tract. Top left and right, 
2-dimensional echocardiogram in the subcostal elongated right oblique 
view showing a severe stenosis of the right ventricular outflow tract 
due to deviation and hypertrophy of the infundibular septum (IS) (1), 
hypertrophy of septoparietal trabeculations (spt) (2) and, to a lesser 
degree, hypertrophy of the trabecula septomarginalis (TSM) (3). @ is 
117°. Bottom, angiocardiographic correlation—right ventriculogram 
in the elongated right anterior oblique view is 117°. Ao = aorta; | = 
inferior; L = left; R = right; RA = right atrium; RV = right ventricle; S 


ear bees 


+ 11°); all patients who showed this type RV outflow 
tract had a subaortic ventricular septal defect, a normal 
oxygen saturation and no substantial infundibular 
gradient of pressure at cardiac catheterization. In type 


III and IV, the angle œ was more than 90° (mean 119+ | 


18°); all patients with this type of RV outflow tract had 
a tetralogy of Fallot or pulmonary atresia with ven- 
tricular septal defect, with oxygen desaturation (mean 
73 + 15%) and a hemodynamically significant infun- 
dibular gradient of pressure at cardiac catheterization 
(mean 55 + 14 mm Hg). Furthermore, in our series of 


patients with tetralogy of Fallot, we found a correlation ' 


between the type of infundibular stenosis and the se- 
verity of the disease. All patients with a type III, had 
mild or moderate cyanosis, an oxygen saturation greater 
than 75% (83 + 5%), a total mean pressure gradient 
between the right ventricle and pulmonary artery of 50.5 
+ 11mm Hg, and the mean value of angle a was 108 + 
11°; the patients with a type IIIp had severe cyanosis 
with an oxygen saturation less than 75% (mean 55 + 
12.5%) (p <0.001) (except the 2 patients with pulmonary 
atresia and ventricular septal defect who had a large 
persistent ductus arteriosus that supplied the pulmo- 
nary circulation); in 5 cases, the infundibular stenosis 
was too severe to be passed at cardiac catheterization; 
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in the remainder, the total mean gradient was of 69 + — 


15 mm Hg; the mean value of angle o was 133 + 17? (p 


« 0.01) (Table I). 





FIGURE 9. Type IV of right ventricular outflow tract. Top left and right, | 


2-dimensional echocardiogram in the subcostal elongated right oblique 
view showing an abnormal right ventricular outflow tract with low ob- 
struction due to the fusion between the infundibular septum and an 
hypertrophied trabecula septomarginalis in a patient with double- 


chamber right ventricle. Bottom, angiocardiographic correlation—Tright — 
ventriculogram in the elongated right anterior oblique view. Ao = aorta; - 
AW = anterior wall of the right ventricle; RA = right atrium; RV = right — 


ventricle; SVC = superior vena cava. ` 





TABLE! Data from Patients with Type Ill Right Ventricular Outflow Tract 


Oxygen Saturation (%) Angle a Pressure Gradient (mm Hg) 
Type Ill, Type Ill, Type Ill, Type Illp Type Ill, Type Illg 
Pt (n — 10) (n — 9) (n = 10) (n — 9) (n — 10) (n = 9) 
1 86 56 100? 150° 35 90 
2 75 46 102° 140° 40 55 
3 76 50 125° 165° 45 60 
4 83 72 117° 115° 40 70 
5 84 35 97° 117° 45 —t 
6 92 57 95° 125° 60 —1 
7 90 67 115° 120° 50 —1 
8 80 80* 115? 125? 65 —1 
9 83 86* 959 143? 65 —t 
10 80 115° 60 
Mean 83 55 108 133 50.5 69 
+SD +5 +12.5 1 +17 +11 +15 
pł <0.001 <0.01 


* The high oxygen saturation in these 2 patients was the result of a persistent large ductus arteriosus, 
which supplied the pulmonary circulation and consequently could not be considered to reflect the severity 


of the disease. 


t The infundibular stenosis could not be passed at cardiac catheterization in 5 of 9 patients with type 


ie right ventricular outflow tract. 


The comparison between type Ill, and Ills in oxygen saturation and in value of angle o and was assessed 


by a nonparametric test (Wilcoxon's test). 
SD = standard deviation. 


TABLE I| Right Ventricular Outflow Tract Obstruction 





No. of 
Causative Anatomic Components Pts 
Anterior and cephalad deviation of 22 
infundibular septum 
No additional factors 5 
Hypertrophy of septoparietal trabeculations 6 
and septal extension of infundibular septum 
Hypertrophy of trabecula septomarginalis 6 
Combined types | 5 








GURE 10. Pre- and postoperative echocardiograms in the subcostal 
ongated right oblique view in a patient with severe tetralogy of Fallot 
10 underwent corrective surgery. Top, preoperative echocardiogram 
owing a type Illg right ventricular outflow tract. Bottom, postoperative 
'hocardiogram showing a surgically acquired type | right ventricular 
tflow tract. The aorta is echocardiographically obscured by the highly 
flective patch (black area, bottom right). Ao = aorta; RA = right 
‘ium; RV = right ventricle. 


Discussion 


Caldwell et al?° evaluated the capability of 2-D echo 
to record the RV outflow tract and compared the se- 
verity of infundibular obstruction determined by 2-D 
echo with cineangiographic determinations, and found 
a good correlation; nonetheless, in this study the echo- 
cardiographic approach was the left parasternal short 


axis, which does not allow an accurate analysis of all 


anatomic components of infundibular obstruction. Si- 
love et al!6 used the subcostal cut through short axis of 
aorta to assess the RV outflow tract obstruction in 58 
patients; they stressed the superiority of this approach 
in comparison with the standard left parasternal view 


to evaluate the different sites of RV outflow tract ob- 


struction but did not characterize the anatomic origin 
and type of the infundibular obstruction. 
Echocardiograms obtained using the subcostal 
elongated right oblique view provide a greater definition 
of the RV outflow tract than those obtained from 
standard parasternal and subcostal views previously 
described. This new subcostal view best demonstrates 
the type and severity of infundibular obstruction when 
present. In 20 patients with tetralogy of Fallot and 2 
patients with pulmonary atresia and ventricular septal 
defect, anterior displacement of the infundibular sep- 
tum was always present, producing RV outflow tract 
obstruction; hypertrophy of septoparietal trabecula- 
tions, hypertrophy of trabecula septomarginalis or a 
combination of those further aggravated the stenosis 
in several cases (Table II). We used the correlation with 
autopsy specimens cut in the presumed plane of section, 
and the similarity between this echocardiographic view 
and the angiograms obtained using the elongated right 
anterior oblique view described by Bargeron et al?! to 


check the validity of our echo findings. The anatomic 


description of RV outflow tract obtained using this new 
subcostal view gave similar results to that of the angi- 
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ographic study of Soto et al?? using the elongated right 
anterior oblique view in 12 cases of tetralogy of Fallot. 
Furthermore, in our series of tetralogy of Fallot, we 
found a good correlation between the type of infun- 
e dibular stenosis (III4 or Ip) and the severity of the 
disease. Since adequate visualization of the subpul- 


m 


onary infundibulum can be obtained easily in all 


patients with tetralogy, follow-up of patients with 


m 


oderate or mild form of tetralogy, using serial 


echocardiographic examinations should permit non- 


in 


vasive assessment of the anatomic changes of the RV 


outflow tract that exacerbate the disease (hypertrophy 
of infundibular septum, septoparietal trabeculations 


or 


usi 
of 


trabecula septomarginalis). 

Likewise, postoperative echocardiographic study 
g this cut should enable appreciation of the results 
surgical relief of subpulmonary obstruction 


(Fig. 10). 


in 


Measurement of the angle a, which is less than 90° 
type H and greater than 90° in type III, could help the 


physician to determine the presence or absence of an 
infundibular stenosis by a malalignment of infundibular 
septum and could represent an echographic criterien 


of 


the main anatomic feature of tetralogy of Fallot: de- 


viation of the infundibular septum. 


Acknowledgment: We gratefully acknowledge the secre- 


terial help of Evelyne Marcilly in the preparation of this 


manuscript. 
References 
1. Beckor A: Anderson RH. Infundibular logy. In: pls T, ed. 
Pathology of ees Disease. 981:20—24. 
2. Anderson RH, Becker in: Motion of Congenital 


- 


om ee 


AE. Segmental analysis. 
Heart Disease—Anglocardiographic, Echocardiographic and Surgical 


3. 


ND 0 p 


. Anderson RH, Becker AE, 


545 


* 
Correlates. London: Castie House, 1983:7. 
Becker AE, Anderson RH: Anatomical definitions of specific cardiac 
structures. In: Becker AE, Losekoot TG, Marcelletti C, Anderson RH, eds. 
DEM Cardiology. Vol. 3. New York: Churchill Livingstone, 1981:29— 


. Tandier J. Anatomie des herzens. In: Bardeleben's Handbuch der Anatomie 


des Menchen. Gustav Fischer Veriag. Jena, 1913:84. 

Van Mierop LHS. What should we call the 
"crista"? Br Heart J 1977;39:856-858. 

Anderson RH, Becker AE. Tetralogy of Fallot. In: Ref 2:36-50. 


, Van Praagh R, Van Praagh S, Nebesar RA, Muster AJ, Sinha SN, Paul MH. 


Tetralogy of Fallot. underdevelopment of the pulmonary infundibulum and 
Its sequelae. Am J Cardio! 1970; 26:25-33. 


. Becker AE, Anderson RH. Tetralogy of Fallot. In: Ref. 1:191-198. 


8. Goor DA, Lillehel CW. The anatomy of the heart. in: Congenital Malfor- 


18. 


20. 


21. 


22. 


rations of the Heart. New York: Grune & Stratton, 1975:14—15. 
Lov M, Eckner FAO. The pathologic anatomy of tetralogy of Fallot and Its 
variants. Chest 1964;45:25 1-261. 


. Anderson RH, Allwork SP, Ho SY, Lenox CC, Zuberbuhler Jr, Surgica 


] 
oo of tetralogy of Fallot. J Thorac Cardiovasc Surg 1981;81:887- 


Sahn DJ, Terry R, O'Rourke R, Leopold G, Friedman WF. Multiple crystal 
cross-sectional echocardlography in the diagnosis of cyanotic congenital 
heart disease. Circulation 1974;50:230--238. 

Sanders SP, Blerman Re Williams RG. Conotruncal malformations: di- 
agnosis in infancy PE Den 2-dimensional echocardiography. Am 
J Cardiol 1882;50:136 1-196 


. Hagler DJ, Talik AJ, Servard JB, M&ir DD, Ritter DG. Wide-angle two- 
dimensional 


8 profiles of conotruncal abnormalities. Mayo 
Clin Proc 1980;55:73-82. 


. Blerman FZ, Willams RQ. Pros iib heaped oF transposition of the 
xiphold echocardiography. 


ga arteries in neonates by sub 
culation 1978;60:1496- 1502. 


à rhb art De Giovanni JV, Shiu MF, Yi MM. Diagnosis of right ventricular 
oss-sactional echocardiography. 


outflow obstruction in infants by cr Br Heart 


J 1983;50:4 16-420. 


. Yoshida H, Maeda T, Funabashi T, Nakaya S, Takabatake S, Tanicuchi 
two-dimensional echocardi 


N. Subcostal 


roy oh i of peripheral 
coronary in Kawasaki disease. Circula 1882;65:956--981. 


. Weyman AE. Complex congenital heart disease, diagnostic approach. In 
Pra tum onal Echocardlography. Philadelphia: Lea & Febiger, 1982; 
7 


Lange LW, Sahn DJ, Allen HD, Goldberg SJ. Subxiphold cross-sectional 
echocardiography In infants and children with congenital! heart disease. 

Circulation 1979;59:5 13-624. 

Caldwell RL, Weyman AE, Hurwitz RA, Girod DA, Felgenbaum H. Right 

ventricular outflow tract assessment by cross sectional echocardiography 

in tetralogy of Fallot. Circulation 1979;59:395—402. 

Bargeron LM Jr, Elliott LP, Bream PR, Soto B, Curry GC. Axial cineangi- 

ography in congenital heart disease. Concept, technique and anatomic 

considerations. Section |. Circulation 1977;56: 1075-1084. 

Soto B, Pacifico AD, Ceballos R, Bargeron LM Jr. Tetralogy of Fallot: an 

A t nen elou? correlative study. Circulation 1981;64:558— 





SYSTEMIC HYPERTENSION 


Echocardiographic Assessment by Computer-Assisted 
Analysis of Diastolic Left Ventricular Function and — 
Hypertrophy in Borderline or Mild Systemic Hypertension 


VASILIOS PAPADEMETRIOU, MD, JOHN S. GOTTDIENER, MD, ROSS D. FLETCHER, MD, 
and EDWARD D. FREIS, MD 





Systemic hypertension Is a common cause of con- 
gestive heart failure. However, left ventricular (LV) 
systolic function remains normal for many years In 
patients with mild or moderate hypertension. In this 
study, high-quality M-mode echocardiograms were 
recorded in 7 patlents with borderline hypertension, 
14 patients with mild hypertension and 15 normal! 
persons. Measures of systolic and diastolic LV 
function and the degree of LV hypertrophy were 
studied with the assistance of a tablet digitizer and 
dedicated microcomputer. Average blood pressure 
was 125 + 10/77 + 7 mm Hg In normal subjects, 
146 + 18/92 + 2 mm Hg In patients with borderline 
hypertension and 150 + 11/102 + 4 in patients with 
mild hypertension. Indexes of systolic LV function 
were similar in all 3 groups. The peak rate of early 
relaxation of the LV posterior wall was significantly 


Long-standing untreated systemic hypertension is a 
common cause of congestive heart failure.! Neverthe- 


less, measures of systolic left ventricular (LV) function | 


may remain normal for many years in patients with mild 
and moderate hypertension.?-4 Thus, interest has re- 
cently been focused on diastolic properties of the heart 
to detect early indicators of LV failure. Using radio- 
nuclide techniques, several studies98 have shown dia- 
. stolic LV abnormalities even in the presence of normal 
systolic LV function in patients with systemic hyper- 
tension. Echocardiographic studies in patients with 
severe or malignant hypertension also revealed diastolic 
LV functional abnormalities, such as delayed mitral 
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decreased in the group of f patlents with mild hy- 
pertension (4.7 vs 6.6 sec", p <0.01). The mitral 
valve closure rate was 150 + 32 mm/s In normal 
subjects, 119 + 35 mm/s in patients with borderline 
hypertension and 106 + 26 mm/s (p <0.001) In 
patients with mild hypertension. Mild LV hypertrophy 
was present in 6 of 7 patlents with borderline and 13 


of 14 patients with mild hypertension. The degree 


of hypertrophy and the level of blood pressure cor- 
related poorly. it is concluded that subtle abnor- 
mallties of diastolic LV function may be present in 
patients with mild hypertension at a time when LV 
systolic function Is normal and that the degree of 
hypertrophy and intermittent measurements of blood 
pressure at rest correlate poorly, suggesting that 
additional factors may play a role. 

(Am J Cardlol 1985;56:546-550) 


valve opening and reduced peak rate of filling." How- 
ever, few echocardiographic studies of diastolic LV 
function have been performed in patients with un- 
treated borderline or mild hypertension. 

Furthermore, several studies have shown a poor 
correlation between levels of blood pressure and degree 
of LV hypertrophy. However, many patients in these 
studies were previously treated*? for long periods before 
evaluation. Some antihypertensive agents may cause 
regression of LV hypertrophy!19!:: therefore, studies are 
optimally performed in newly diagnosed, untreated 
patients with systemic hypertension. In this study we 
investigated diastolic LV function and the relation 
of LV hypertrophy to blood pressure (BP) in un- 
treated patients with borderline and mild systemic 
hypertension. 


Methods 
Subjects: Thirty-six subjects were studied: 15 normotensive 
subjects, 7 patients with borderline hypertension (diastolic 
BP 90 to 94 mm Hg) and 14 with mild systemic hypertension 
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(diastolic BP 95 to 104 mm Hg). Except for LV hypertrophy, 
patients with evidence of heart disease by history, physical 
examination, electrocardiogram, echocardiogram or chest 
reontgenogram were excluded from the study. Patients with 
gevere renal or hepatic disease were also excluded. 

Patients with hypertension: The 21 patients with hyper- 
tension were consenting patients recruited from the hyper- 
tension clinic at the Veterans Administration Medical Center, 
Washington, D.C., seen between July 83 and August 84. They 
were all black men, mean age of 46 + 12 years (+ standard 
deviation). BP was measured in the sitting position with a 
standard sphygmomanometer at least 3 times at each visit for 
3 successive visits. The average of these readings was recorded 
as the patient’s BP. Sixteen patients were newly diagnosed, 
untreated hypertensives and 5 had been treated only with a 
diuretic for less than 3 weeks. In these patients therapy was 
discontinued for at least 4 weeks before they entered the 
study. 

Normal subjects: The 15 normal subjects were defined as 
those in whom multiple BP measurements were never higher 
than 140 mm Hg systolic or 90 mm Hg diastolic. Average age 
was 48 + 16 years (range 25 to 65). 

Echocardiographic technique: Echocardiography was 
performed using a commercially available M-mode echocar- 
diograph (Irex-System II) with a 0.5-cm-diameter, 2.25-MHz 
transducer. In all patients and normal subjects asymmetric 
hypertrophy of the LV wall and regional wall motion abnor- 
malities were excluded by 2-dimensional echocardiography. 
Echocardiograms were recorded at 75 mm/s. Care was taken 
to ensure reproducible LV dimensions by scanning along the 
major and minor axes of the left ventricle. Three to 5 cycles 
were analyzed in each patient. When considerable variation 
was noted, as many as 10 cycles were analyzed. For quality 
control 20% of the echocardiograms were analyzed by a second 
observer. Minimal interobserver variability (5% or less) was 
noted. End-diastolic and end-systolic dimensions of the left 
ventricle were measured as the maximal and minima! dis- 
tances between the left side of the ventricular septum and the 
endocardium of the posterior free wall.!2!5 Thickness of the 
septum and LV posterior wall were measured before atrial 
systole with the ultrasound beam directed just below the 
caudal margins of the mitral leaflets. Left atrial transverse 
dimension and velocity of mitral valve closure were measured 
using standard methods. Since certain echocardiographic 


FIGURE 1. Left ventricular (LV) echo- 
cardiographic measurement of systollc 
LV function Indexes. Dy and D, are 





systolic endocardial dimensions com- Da Di 1 
ted at 10-ms intervals from end [V sys] max Ts Át ' Di 
lastole to end systole, determined 
om maximal LV dimension to peak — : 
anterior excursion of posterior wall d- Us PET NUT 
MEE. > fo. Sys. Dur. 


(LVPW). Shortening rates of LVPW 
were similarly computed. Dy = end- 
diastolic dimension; D, = end-systolic 
dimension. 
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parameters may vary with body size, echocardiographic 
measurements were adjusted for body surface area and com- 
pared with normal data obtained from a population of healthy 
subjects.!213 Echócardiographic values were expressed both 
as absolute numbers and as the percent difference of the 
measured value from the mean value predicted by that 
subjects body surface area. Fractional shortening and the 
velocity of the circumferential fiber shortening were calculated 
a8 described elsewhere.!* 'T'he peak rates of LV and LV pos- 
terior wall shortening during systole and the early relaxation 
phase of diastole were measured as previously described.!5 A 
digitizer and dedicated microcomputer (Digisonics Inc.) were 
used with this method. The LV endocardial surface and endo- 
and epicardial surfaces of the LV posterior wall were digitized 
at 10-ms intervals (Fig. 1 and 2). Values for LV systolic ve- 
locity were normalized for the instantaneous systolic dimen- 
sion and values for the LV early filling period were normalized 
for instantaneous diastolic dimension. The maximal nor- 
malized systolic endocardial velocity was taken as the peak 
LV systolic velocity and the maximum normalized early dia- 
stolic endocardiac velocity was taken as the peak LV early 
relaxation velocity. The average early diastolic endocardial 
velocity was taken as the end-systolic minus the early diastolic 
dimension divided by the duration of the early diastolic filling 
period. This value was normalized by the early diastolic di- 
mension. ‘The peak velocities of LV posterior wall thickening, 
during systole, and LV posterior wall thinning, during early 
diastole, were determined in a similar manner from digitized 
endocardial and epicardial contours. All velocity measure- 
ments were expressed as the reciprocal of time in sec- 
onds (sec^!). Results were expressed as mean + standard 
deviation. 

Statistical analysis was performed using the unpaired 2- 
tailed Student t test, Fisher's exact probability test or linear 
regression analysis, where appropriate. 


Results 


Patient characteristics: As anticipated, both sys- 
tolic and diastolic BP were higher in the group of pa- 
tients with hypertension than in the group of normal 
subjects (Table I). The 3 groups were of comparable age. 
Blood chemistries, blood counts and chest roentgeno- 
grams were also similar in all 3 groups. 
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TABLE ! 
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." PERCENT DIFFERENCE FROM PREDICTED MEAN - 


ge (yr) - D 
. Systolic.BP (mm Hg) 125410 1464 18° .. 15011". 
! pU ) -77+7 92:2* ` 102t4*  . 


«0.001. : 
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Patient Characteristics 
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Normal Hypertension Hypertension — : 
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THICKNESS THICKNESS ‘DIASTOLIC SYSTOLIC 
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LEFT 


Echocardiographic findings: Figure 3 shows septal 
and LV posterior wall thickness, LV systolic.and dia- 


stolic dimensions, left atrial dimensions and mitral valve ` 


closing rate as percent difference from body surface. area 


„| predicted mean value in patients with systemic hyper* . 
A tension, An increase in septal thickness exceeding 95% ) 


predicted limits of normal was noted in 6 of 7 patierits 
with borderline-and 13 of 14 patients with mild hyper- 


tension. An increase in LV posterior. wall thickness ex- : 


ATRIAL .- 
DIMENSION 
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FIGURE 2. Left ventricular (LV)echo- ` 


: Cardlographic measurement: of early 
` relaxation velocities. D, and D, are di- 
astolic endocardial dimensions com- 
puted at 10-ms Intervals from” end 
systole (D,), determined from peak 


~~ anterlor excursion of posterior, wall ' 
'  (LVPW) to the end (De) of the early dl- 
astollc period (EDP), identified by the ' 


rapid change In slope of the posterior 
wall endocardial surface. Normalized 


velocities of wall thinning were conr., ' 


puted from digitized endo- and eplcar- 
dial LVPW thickness contours. in. a 
almilar fashion. Dd — end-diastolic di- 
mension; VS = ventricular septim. 


FIGURE 3. Echocardiographic mea- 


surements corrected for body surface 


ad . area, expressed as percent difference 


Ci -blood pressure; LV = left ventricutar; - 
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TABLE If  Echocardiographic Measurements in Patients with Systemic Hypertension 
j VS LVPW LVDD LVSD LAD A 
(mm) (mm) (mm) (mm) (mm) " 
Normal 10 + 2 | 10:2 49 X5 ST: 5 35 + 4 
. Borderline hypertension 14+ 1* 144 1* 46i5 28 +3 3943 
Mild hypertension 14 + 2° 14+ 2" 47+4 28+5 36 +4 
* p <0.001; statistics compare the groups with hypertension to the normal contro! subjects. 
LAD = left atrial dimension; LVDD = left ventricular diastolic dimension; LVPW = LV posterior wall; 
LVSD = LV systolic dimension; VS = ventricular septum. 
TABLE I| Systolic Left Ventricular Function TABLE IV Diastolic Left Ventricular Function 
Borderline Mild Borderline Mild 
Normal Hypertension Hypertension Normal Hypertension Hypertension 
Fractlonal shortening 4045 4145 39 3 7 Peak early LV 39411 39409 36411 
| (96 relaxation rate 
eak LV shortening rate 3.2-E 0.6 — 2.6: 0.5 2.7 + 0.9 (sec!) 
sec"! Peak early LVPW 6.6 + 1.4 5.2 + 1.5 4.7 + 1.4* 
eak LVPW shortening 3.2406 2.8007 2.9 + 0.8 relaxation rate 
rate (sec!) sec” !) 
Vcf (sec!) 16406 1140.2 1.1 + 0.3 Average early LV 2.3 + 0.8 2.4 + 0.6 2.3 + 1.1 
All p values were not significant. ey ee 
LV = left ventricular; L 7: LV posterior wall; Vcf = velocity of MV closure rate 150 + 32 119 + 35 106 + 26! 


circumferentlal fiber shortening. 


ceeding 9596 predicted limits was present in all patients 
with borderline and all but 1 patient with mild hyper- 
tension. LV diastolic dimension was less than predicted 
in 2 patients with borderline and 5 with mild hyper- 
tension, whereas LV systolic dimension was smaller 
than predicted in 5 patients with mild hypertension. Of 
the 14 patients in whom satisfactory left atrial tracings 
were recorded, 2 in each group had greater-than-pre- 
dicted left atrial dimensions. Mitral valve closing rate 
(EF slope) was decreased in 2 patients with borderline 
and 6 with mild hypertension. None of the above vari- 
ables correlated significantly with the level of BP (r = 
0.12 to 0.16). Absolute values of the above variables in 
all 3 groups are shown in Table II. Septal and LV 
posterior wall thickness was significantly greater in 
the groups with borderline and mild hypertension 
(p «0.001). 

Systolic left ventricular function: Indexes of sys- 
tolic LV function in the groups of patients with bor- 
derline or mild hypertension were similar to those in the 
group of normal subjects (Table IIT). Fractional short- 
ening was close to 40% in all 3 groups while the peak 


‘shortening rates and velocity of circumferential fiber 


shortening were slightly but not significantly reduced 


in the groups of patients with hypertension. 


Diastolic left ventricular function: The peak early 
endocardial (LV) relaxation rates were similar between 
normal subjects and patients with borderline or mild 
hypertension (Table IV, Fig. 4). However, the peak rate 


of early relaxation of the LV posterior wall was signifi- 


cantly lower in the group of patients with mild hyper- 
tension (6.6 + 1.4 vs 4.7 + 1.4 sec 1, p <0.01). The peak 
rate of early relaxation of the LV posterior wall was also 
reduced in the group of patients with borderline hy- 
pertension (6.6 + 1.4 vs 5.2 + 1.5 sec”), but not signif- 
icantly. The average relaxation rate was similar in all 
3 groups. The mitral valve closure rate was significantly 





8 


*p «0.01; ! p «0.001. 
LV = left ventricular; LVPW = LV posterior wall; MV = mitral 
valve. 


lower in patients with mild hypertension compared with 
normal subjects (106 + 26 vs 150 + 32 mm/s, p <0.001). 
In patients with borderline hypertension it was 
also reduced (119 + 35 mm/s), but not significantly 
(p = 0.056). 


Discussion 


The patients included in this study were newly 
diagnosed as having hypertension. Five patients had 
been treated for only a short period (less than 3 weeks) 


DIASTOLIC LV FUNCTION 


© NORMAL 
@ BORDERLINE 
A MILD 


PEAK EARLY PEAK EARLY AVERAGE EARLY 
LV LVPW LV 

RELAXATION RELAXATION RELAXATION 
RATE RATE RATE 


FIGURE 4. individual values and means {+ standard deviation) of dia- 
stollc left ventricular (LV) functlon indexes. LVPW = LV posterior 
wall. 


ee 
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with a diuretic drug, and therefore, their state of systolic 
or diastolic LV function or degree of LV hypertrophy 
was unlikely to have been affected by therapy. Fur- 
thermore, diuretic treatment was discontinued for 4 
weeks before they entered the study. 

In this study indexes of diastolic LV function were 
abnormal in the group of patients with mild hyperten- 
sion. The peak rate of early relaxation of the 
LV posterior wall was significantly lower in these pa- 
tients than in normal subjects (6.6 + 1.4 vs 4.7 + 1.4 
gec ^ !, p <0.01). Abnormal closure rate (EF slope) of the 
anterior leaflet of the mitral valve was found in 8 of 21 
patients with hypertension, but in none of the normal 
subjects. These abnormalities represent subtle early 
changes in diastolic LV function that precede any 
clinical manifestations. 

Although this is the first study to show decreased 
peak rates of early relaxation of the LV posterior wall 
in patients with mild hypertension, several other studies 
have shown abnormalities in diastolic LV function 
measuring other variables. Shapiro et al’ reported a 
significant delay in mitral valve opening in the presence 
of normal systolic LV function in patients with severe 
or malignant hypertension. Hanrath et al!® found re- 
duced rapid filling rates in patients with severe hyper- 
tension. Echocardiographic evidence of decreased atrial 
emptying index!’ and diastolic LV function abnor- 
malities detected by radionuclide techniques? have 
been seen in patients with mild or moderate hyperten- 
sion. These abnormalities persisted even when hyper- 
tension was controlled for more than 2 months with 
hydrochlorothiazide, propranolol or diltiazem.! In this 
study, as expected from previous reports? param- 
eters of systolic LV function including normalized peak 
rates of LV or LV posterior wall shortening, were normal 
or enhanced. | 

Because certain echocardiographic variables vary 
with body size, adjustments were made for body surface 
area as suggested by Henry et al!* and Gardin et 21.1? Of 
the 21 patients with hypertension in the present study, 
20 had higher-than-predicted LV posterior wall thick- 
ness. Although most of these patients had only mild 
degrees of LV hypertrophy, the prevalence is still higher 
than that reported in other studies.!? 'This finding can 
be partially explained by the fact that only black, es- 
sentially untreated hypertensive patients were included. 
Black persons have a higher incidence of LV hypertro- 
phy than white persons for the same level of BP,20-?2 
and treatment of hypertension has been shown to cause 
regression of LV hypertrophy.!94! LV diastolic di- 
mension was smaller than predicted in 7 patients and 
systolic dimension was smaller in 5 patients. Fractional 
shortening remained normal in all patients. These 
findings are consistent with the concept of concentric 
LV hypertrophy owing to pressure overload resulting 
in smaller LV cavity with normal or increased systolic 
function.” 

The level of BP and LV wall thickness correlated 
poorly in this study, suggesting that in addition to BP 
at rest, other factors may play a role in the development 
of LV hypertrophy or that clinic BP measurements may 
not accurately reflect the average afterload imposed on 
the left TERUR Other reports also emphasized the 


poor correlation between the level of BP and degree of 
LV hypertrophy.?1924 Corea et al” found a good cor- 
relation between LV hypertrophy and the plasma level 
of norepinephrine in a subgroup of patients with sys- 


temic hypertension. Furthermore, LV hypertrophy hase 


been induced in experimental animals with long-term 
subhypertensive infusion of norepinephrine.? There- 
fore, catecholamines are probably another major factor 
in the development of LV hypertrophy. 
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Double-Blind Trial Comparing Labetalol with Atenolol in the 
Treatment of Systemic Hypertension with Angina Pectoris 


LARRY D. JEE, MB, ChB, and LIONEL H. OPIE, MD, PhD 
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Some theoretical arguments suggest that added 
‘vasodilation could be beneficial In the management 
of patlents with systemic hypertension and angina 
pectoris. Ten patients were studied in a double-blind 
crossover trlal in which the severity of hypertension 
and angina pectoris was monitored. The Initial run-in 
perlod of 2 to 6 weeks consisted of therapy with 
fixed-dose atenolol, 100 mg once dally, a thlazide 
diuretic drug, and any other agents requlred to 
control the hypertension. Patients were then ran- 
domized for 4 weeks to active atenolol plus 2 tablets 
of labetalol placebo, or actlve labetalol (200 mg 
twice daily) plus atenolol placebo, then crossed over 
and then changed back to active atenolol without 
labetalol placebo; the observers were unblinded In 


In patients with hypertension, there may be coexisting 
angina pectoris. The mechanisms for the angina are 
complex and include the increased oxygen demand, 
various degrees of left ventricular hypertrophy, the 
frequently associated coronary artery disease, and 
coronary vasospasm! provoked either during rest or 
by exercise. Vasodilator therapy could be effective, e.g., 
verapamil.’ Labetalol is a nonselective -adrenoceptor 
antagonist agent with added a, antagonist vasodilator 
properties recently introduced in the United States.4 
The present study compares the effects on angina pec- 
toris of equally effective hypotensive doses of labetalol 
and atenolol. Atenolol was chosen as the reference 
compound at a fixed dose of 100 mg/day to give a ceiling 
of antihypertensive control with this agent®; atenolol 
has also been widely used in the therapy of angina 
pectoris.§ 
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the last perlod. Labetalol and atenolol were equlv- 
alent in control of blood pressure at rest, exercise 
tolerance and use of nitroglycerin; however, heart 
rates at rest and during exercise were higher with 
labetalol (p «0.01), whereas the heart rate-blood 
pressure product at the end of the exercise test was 
unchanged with labetalol. The higher heart rates for 
the same antianginal efficacy may give an advan- 
tage to labetalol treatment In some patients. Con- 
versely, atenolol is cardioselective, hydrophilic, and 
can be given as a single daily dose. Thus, each 
agent has some advantages in the therapy of pa- 
tients with hypertenslon.and effort angina. 


(Am J Cardiol 1985;56:551-554) 


Methods 


The patients selected had established systemic hyperten- 
sion and stable angina; exclusion criteria were left ventricular 
failure, asthma, pregnancy, unstable angina and age older 
than 65 years or younger than 35 years (Table I). One patient 
had a history of myocardial infarction; 6 months before this 
study, 1 patient (no. 5) had had unstable angina pectoris and 
underwent a coronary bypass procedure to the left anterior 
descending coronary artery. No blood pressure (BP) criteria 
were exclusion factors. ‘The mean pretrial BP during existing 
therapy was 162/110 mm Hg (supine) and 156/105 mm 
Hg (standing). The design of the trial is summarized in 
Table II. 

After an initial run-in period of 2 to 6 weeks to establish 
compliance, stability of BP control and to change from other 
B-adrenoceptor blocking agents to atenolol, control BP values 
were established. Then, during phase II (4 weeks with active 
atenolol or labetalol), 2 readings of BP were taken at 2-week 
intervals, and 1 effort test was performed at 4 weeks. During 
the next crossover period (phase IIT) effort tests were repeated 
at 4 weeks. In the final phase IV, 1 further effort test was 
carried out. 

Other agents used: Among other agents used to control 
hypertension, prazosin was most frequently used, with an 
average total dose of 14 mg in 2 patients (Table I). In no pa- 
tient were such medications altered during the period of study. 
Intermittent sublingual nitroglycerin (0.5-mg tablets) was 
taken as required. ` 
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5582 TREATMENT OF HYPERTENSION WITH ANGINA 
TABLE! Patient Description and Pretrial Supine Blood Pressure 
' Pretrial Blood 
- Pressure* (mm Hg) 
Age (yr) PERCHE ' — 
Pt & Sex Clinical Diagnosis S D Other Concurrent Medications! . "€ 
1 AGF AP 155 108 N-K (1) 
2 42F AP 210 120 N-K (2); Praz 
3 61M AP + CVA 162 103 Aldazide® (1) 
4 39M AP 146 116 N-K (1); Praz 
5 46M CABG to LAD 170 120 Mod (1); NIf; Iso 
6 61M AP 166 100 Mod (1) 
7 47F AMI 128 98 Mod (1) 
8 56M AP 190 110 Mod (1) 
9 51F AP 150 120 Mod (1); Nif; Ind 
10 57F AP 140 105 Mod (1) 
. Mean 162 110 
* On R therapy; t other than trial medications. 
= spironolactone, 25 mg, + c Utere 2.5 mg; AMI — acute myocardial 
SCION AP = angina pectoris; CABG = coronary ypass graft CVA = cerebrovascular accident; 
D = diastolic blood, Jens Ind = indapamide (Natrii diese = Isosorbide dinitrate; LAD = left anterior 
descending coronary artery; Mod = moduretic® tablets (hydrochiorothlazide, 50 mg + amiloride, 5 mg); 
Nif = nifedipine; N-K = Navidrex-K® (cyclopenthiazide, 0.25 mg pius KCI, 600 mg); Praz = prazosin; S 
= systolic blood pressure (mm Hg). 
TABLE Il Effects of Labetalol (200 mg Twice Daily) on Blood Pressure, Heart Rate and Double Product Compared with . 
Atenolol (100 mg/day) in a Double-Blind Crossover Trial for the Therapy of Patients with Systemic pm 
and Angina Pectoris 
Phase 1— Phase 4— ' 
Run-in; Atenolol Atenolol— Labetalol— Unblinded 
Therapy Blinded Blinded Atenolol therapy 
Blood pressure (mm Hg) 
. Supine 150 + 4/101 :: 3 162 + 10/104 + 1 154 + 6/103 + 4 156 + 7/101 +3 
hie 147 + 6/103 +3 153 + 9/106 + 6 153 + 6/107 t5. 152 + 6/103 + 2 
S ng 145 + 6/104 +3 150 + 5/1044 5 147 + 6/106 + 5 146 + 7/9943 
After walking 143 + 5/101 4+ 3 150 + 8/10145 148 + 6/102 + 4 143 + 6/93 £ 2 
isometric exercise 162 4: 5/114 + 3 166 + 8/113 +86 170 + 7/118 + 4 1624 7/11143 
Cold exposure 158 + 12/119 + 4 180 + 10/118 +6 176 + 8/118 + 8 172 7/114 X4 
Heart rate at rest (beats/min) 61+ 2 63 + 2° 09 + 2° 61+2 
Exercise testing 
Time (min) 10.9 + 1.4 12.3 X 1.4 11.0 + 1.5 12.3 x 1.4 
Heart rate X BP 19,530 + 1,510 18,560 + 1,528 19,560 + 1,963 18,020 + 1,618 
Nitrogtycerin use tablets/4 weeks “19 + 5.5 20+ 6.5 18 + 4.6 18 + 7.4 


* p «0.01, 2-tailed paired t test. 


- All values are expressed as mean + standard error of the mean for 10 patlents (exception: blood pressure during cold exposure, in 1 patient 


who had syncope, and n — 9). 
BP = blood pressure. 


TABLE Ill 
of Systemic Hypertension and Angina Pectoris 


Atenolol—8Blinded 


Start End 
HR S D HR S D HR 
Pt (beats/min) (mm Hg) (beats/min) (mm Hg) beats/min) 
1 59 135 95 99 125 85 78 
2 70 130 95 110 145 100 74 
3 55 175 100 85 145 85 72 
4 60 150 110 106 180 90 78 
5 94 180 135* 134 180 105 74 
6 67 170 110 107 220 125 75 
7 67 165 110 112 165 110 88 
8 60 150 95 120 200 95 72 
9 56 160 105 90 140 85 63 
10 69 125 90 118 -` 130 70 68 
Mean 66 154 104 108f 160 951 74 
XSEM +3.6 +6.1 +4.14 +4,6 +10 +4.9 +2.1 


LabetaloL—Blinded 


Y 


Effects of Labetalol Compared with Atenolol on Exercise Testing In Double-Blind Crossover Trial for the Therapy 


Start End 

S D HR | S D 

(mm Hg) (beats/min) (mm Hg) `. 

100 80 118 110 80 
155 105 130 160 100 
172 104 112 135 80 
155 120 138 195 90 
175 125 110 155 86 
140 100 115 220 95 
150 115 150 150 115 
150 95 149 200 80 4 
135 90 110 130 ^ 75 ^ 
130 105 140 140 95 
146 104 1271 160 90t 

+69 i43 E51 +11 +38 


* Blood pressure after nifedipine = 150/110 mm Hg; nifedipine given after blood pressure readings or exercise test completed throughout 


| «0.01 (2-talled t test). 
esult of 2-tailed test not significant. 


js dod blood pressure; HR = heart rate; S = systolic blood pressure; SEM = standard error of the mean. 
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Blood pressure measurements: BP measurements were 
done in the sitting position (mean of 2 BP values 2 minutes 
apart after 10 minutes of rest), in the standing position after 
30 seconds, in the standing position just after walking a 
measured distance of 60 m, during handgrip of 60 seconds to 
half maximal pressure (using a Medicon dynamometer 
graduated in arbitrary units), and after 30 seconds of cold 
immersion (hand up to midarm in bucket of ice-cold water). 
BP was taken on the right arm with the standard mercury 
sphygmomanometer cuff with a bladder 40 cm long and 13 cm 
wide. Disappearance of sounds (Korotkoff sound V) was taken 
as the diastolic value, always using the same machine and 
same cuff throughout. Readings were taken at 1000 
to 1100 hours, i.e., 3 or 4 hours after the morning dose of drugs. 

Effort tests: Effort tests were performed on a Marquette 
CASE treadmill, using a standard Naughton protocol with 
continuous monitoring of the electrocardiogram (12 channels) 
and pulse rate. 

BP was measured at the end of each 2-minute period, 
without interrupting the test, using a previously attached cuff. 
Endpoints were exhaustion, angina, attainment of 90% of the 
maximal heart rate for age, or the end of the exercise protocol 
(18 minutes). 

Statistical analysis: Comparisons between the results with 
atenolol and labetalol were made with a paired Student t 
test, taking values p «0.05 as significant. As multiple compar- 
isons were not attempted, an analysis of variance was not 
required. 


Results 


Comparisons between the effects of atenolol and la- 
betalol on the exercise tests, heart rate and BP in the 
lying, sitting and standing position, after walking, 
during handgrip, and during cold exposure as well as 
during the exercise test are summarized in T'ables II and 
III. No significant difference is seen between atenolol 
'and labetalol on any of these values except that the 
heart rate at rest and during exercise was higher during 
the labetalol phase. Nitroglycerin use, exercise time and 
the heart rate-BP product at the end of the exercise test 
were all similar when atenolol was compared with la- 
betalol. The mean double products are shown in Table 
HI. Subjectively, there were no adverse effects reported 
either during labetalol or atenolol periods. 

Furthermore, the values achieved during the dou- 
ble-blind period (phase H or III) were similar to those 
in the run-in period and the final unblinded atenolol 
period. 


Discussion 


Labetalol vs atenolol: In the present trial, equally 
good control of hypertension was obtained with ateno- 
lol, 100 mg/day, or with labetalol, 200 mg twice daily, 
and there was no difference in the severity of angina a8 
assessed by use of nitroglycerin, exercise time and 
double product at the end of the exercise test. The pa- 


tients selected did not include those with severe ob- 


structive airway disease or asthma in whom the relative 
cardioselectivity of atenolol could be construed as a 
decisive advantage. In this population group, labetalol 
was as good as, but no better than, atenolol in the con- 
trol of angina pectoris. We have no proof that this ap- 
parent lack of superiority of labetalol indicates that its 
added o-antagonist activity was not of any antianginal 
significance, because there are pharmacokinetic and 
other differences between these 2 agents. 


Labetalol for effort angina—reported data: 
Lubbe and White? studied 6 patients with established 
hypertension and angina who were treated with a vari: 
ety of 8-blocking agents as well as nitroglycerin. They 
used an average dose of 600 mg/day of labetalol, which 
substituted for the existing 6-blocking therapy. Angina 
pectoris, assessed by a subjective scoring system, sig- 
nificantly improved during the labetalol period. How- 
ever, the trial was not blinded and the design did not 
require titration of the -adrenergic blocking agent 
used, nor were effort tests undertaken. Halprin et al? 
used labetalol to reduce systolic and diastolic BP and 
to reduce spontaneous attacks of angina pectoris, but 
labetalol was not compared with other -adrenoceptor 
blocking agents. In an open study, Besterman and 
Spencer? found that a mean dose of labetalol; of 810 
mg/day, reduced the BP in the supine and standing 
positions and also during exercise; exercise tolerance 
was improved and angina disappeared or decreased. 

Opie et al!? concluded that further trials were re- 
quired to assess the possible effect of labetalol in pa- 
tients with angina pectoris and hypertension. ‘They also 
included data in which the original number of patients 
of Lubbe and White had been increased to 17, essen- 
tially with the same data, namely, a marked improve- 
ment in the “angina score." Although it was argued that 
labetalol would merit special therapeutic evaluation in 
clinical situations where a-mediated vasoconstriction 
could be important, including angina pectoris, there 
were no strict comparisons between labetalol and other 
f-blocking agents. The present trial, which is therefore 
the first double-blind study with effort tests, shows that 
labetalol is as effective as atenolol. 

Limitations: Our study has 3 major limitations. The 
first 1s that there was no washout period. In these pa- 
tients with angina pectoris, some of whom were taking 
large doses of nitroglycerin, we considered it unethical 
to withdraw -adrenergic blockade.!! The only alter- 
native would have been to change from atenolol to a 
calcium antagonist such as verapamil,’ which would 
have introduced further variables. However, the anti- 
anginal efficacy of atenolol is not in question. 

The second limitation is that 2 of our patients (nos. 
2 and 4, Table I) were already receiving prazosin, an 
a1-adrenoceptor blocker. Therefore, labetalol could not 
have been expected to have a major effect because it too 
is believed to antagonize the a,-adrenoceptor. However, 
in both of these patients the heart rates during the la- 
betalol period were higher than with atenolol, and 
omission of these 2 patients did not alter the evaluation 
of the results. We did not remove these 2 patients from 
the trial because concomitant therapy with prazosin had 
not been a contraindication in our protocol. 

The third major limitation to our study is that the 
dose of labetalol was not titrated. In other studies in 
which labetalol was used for the control of hypertension 
and angina, higher doses (up to 950 mg/day?) were used. 
However, in our study, labetalol gave as good control of 
the BP as did atenolol. The fact that the heart rate was 
higher with labetalol (‘Tables IT and IIT) could be ex- 
plained by the effect of the added a-adrenoceptor 
blockade or by less adequate 8-adrenoceptor blockade 
with the dose used, or a combination of eee factors. 
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In all probability a higher labetalol dose would have 
been tolerated and might have achieved more effective 
antianginal and antihypertensive efficacy. 

From the practical point of view, labetalol, 200 mg 
twice daily, was as effective in the therapy of hyper- 
tension with angina as was the cardioselective agent 


atenolol, 100 mg once daily. Our results therefore give : 
2 advantages to atenolol over labetalol in the therapy 
of.such patients: (1) Because it is cardioselective, it is ` 


relatively safer in patients with bronchospasm; and (2) 
because it is long-acting it can be given once a day for 
control of hypertension. With labetalol therapy the 
heart rates at rest and during peak exercise were higher, 
‘which is probably an advantage in the therapy of elderly 
patients because it allows for a better cardiac output.!? 
Thus, during exercise testing, the higher heart rate 
during labetalol administration was accompanied by a 
lower mean final diastolic BP (without statistical sig- 
nificance being reached), so that the heart rate-BP 
products were similar during labetalol and atenolol 
periods. In some patients there was exercise-induced 
coronary vasospasm, which appears to be variable from 
patient to patient. When such a spasm is prominent (for 
example, in a patient reported by Opie et a1!9), then 
atenolol may not control angina and alternate therapy 
is required. In such circumstances labetalol might have 
a more pronounced antianginal effect. 


1. 


2. 


12. 


13. 


. Lubbe WF, While DA. Labetalo! in 


, Besterman EMM, 
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, The American Journal.of Cardiology does more than 
just print the best in authoritative articles on cardio- 
| vascular treatment. Now it puts them on videotape. 
And the introductory videocassette is yours. Free. 
Hosted by Editorin-Chief William C. Roberts, MD, 
AJC Video Report will feature lively, highly-visualized 
discussions with noted cardiovascular specialists . 
and authors of the most important articles appearing 
each month in The American Journal of Cardiology. 


And it will extend the utility of the articles by exploring 


their application in clinical practice: 

The introductory, 45-minute videocassette will fea- 
;ture special guest Donald C. Harrison, MD, and guest 
'authors discussing three important topics: 

C] Analysis of spontaneous variability of ventricular 
arrhythmias: consecutive ambulatory ECG record- - 


} 
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X 








Ifyou like what yor ing, — 
you'll love what you'll be watching — 


ings of 110 patients with ventricular tachycardia; 


- L1 Doppler diagnosis of valvular aortic stenosis in. 


patients over 60 years of age; and 


C] Routine preoperative exercise testing in patients 
undergoing major non-cardiac surgery. . B 

AJC Video Report is planned to be produced on a 
regular basis starting this Fall. To order your free, 
introductory videocassette, just complete the card 
on the opposite page. If the card is missing, send 
your name, address (including zip code), medical 
specialty and videocassette format desired to: Joyce 
Sturges, AJC Video Report, The Yorke Medical Group, 
875 Third Avenue, New York, N.Y. 10022. Or call 
(212) 605-9549. Limited quantity avaliable! 


The American Journal of Cardiology 
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. About the book 
. Derived from a symposium sponsored by the Infectious 
- Disease Service, Department of Medicine and the 
` Department of Pediatrics, Memorial Sloan-Kettering 
Cancer Center, New York City, and Cornell University 
'.-Medical College, New York City, this book presents the 
latest thinking by international authorities, all of whom 
were invited to present findings in their area of expertise 
. on the diagnosis, treatment, and prevention of various 
: bacterial, fungal, viral, and parasitic infections presenting 
in patients with neoplastic disease. 

This is not just another “proceedings” volume. Rather 
itis an edited work, with papers by investigators who 
submitted definitive preparations for publication. Further- 
more, the authors take a strong position: on their topics, 
ask probing questions and promote a stimulating forum 
of controversy. 

 The'result is a concise, dynamic study that belongs in 

the professional library of every physician treating 
| patients with neoplastic disease. 


About the Editors. 


_ Arthur E. Brown, MD, is Assistant Aandins: Physician, 
Memorial Sloan-Kettering Cancer Center, and Assistant 
‘Professor of Medicine and Pediatrics, Cornell University: 

` Medical College. 


Donald Armstrong, MD, is Attending Physician: Chief 


. of Service; Director, Microbiology Laboratory, Memorial 
' Sloan-Kettering Cancer Center, and Professor of - 
Medicine, Cornell University Medical College 
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Che first once-a-week transdermal antihypertensive system 
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clonidine) 
ransdermal Therapeutic System 


Brief Summary of Prescribing Information 


ontraindications: Catapres-TTS* (clonidine) should not be used in patients with 
nown hypersensitivity to clonidine or to any other component of the adhesive layer of the 
herapeutic system 
Precautions: General: In patients who have deve oped localized contact sensitization to 
2atapres-TTS* (clonidine), substitution of oral clonidine hydrochloride therapy may be 
associated with development of a generalized skin rash 


n patients who develop an allergic reaction to Catapres-TTS* that extends beyond the local 
atch site (such as generalized skin rash, urticaria. or angioedema) oral clonidine hydro 
hloride substitution may elicit a similar reaction 

As with all antihypertensive therapy. Catapres-TTS® should be used with caution in patients 
ith severe coronary insufficiency, recent myocardial infarction, cerebrovascular disease, or 

;hronic renal failure 


thdrawal: Patients should be instructed not to discontinue therapy without consulting their 
»hysician. Sudden cessation of clonidine treatment has resulted in subjective symptoms 
such as nervousness, headache and sweating. accompanied or followed by a rapid rise in 
blood pressure and elevated catecholamine concentrations in the plasma, but such occur 
ences have usually been associated with previous administration of high oral doses 
exceeding 1.2 mg/day) and/or with continuation of concomitant beta-blocker therapy. Rare 
nstances of hypertensive encephalopathy and death have been reported 


An excessive rise in blood pressure following Catapres-TTS* discontinuance can be re- 
ersed by administration of oral clonidine or by intravenous phentolamine. If therapy is to be 
jiscontinued in patients receiving beta-blockers and clonidine concurrently, beta-blockers 
should be discontinued several days before cessation of Catapres-TTS* administration 


Perioperative Use: As with oral clonidine therapy. Catapres-TTS* therapy should not be 
nterrupted during the surgical period. Blood pressure should be carefully monitored during 
surgery and additional measures (o control blood pressure should be available if required 
hysicians considering starting Catapres-TTS® therapy during the perioperative period 
nust be aware that therapeutic plasma clonidine levels are not achieved until 2 to 3 days 
after initial application of Catapres-TTS® 


nformation for Patients: Patients who engage in potentially hazardous activities, such as 
pperating machinery or driving, should be advised of a potential sedative effect of clonidine 
atients should be cautioned against interruption of Catapres-TTS* therapy without a 
hysician'’s advice. Patients should be advised that it the system begins to loosen from the 
skin after application, the adhesive overlay should be applied directly over the system to 
nsure good adhesion over its 7-day lifetime. Instructions for using the system are provided 
atients who develop moderate or severe erythema and/or localized vesicle formation at the 
site of application, or a generalized skin rash, should consult their physician promptly about 
he possible need to remove the patch 


Drug Interactions: |f a patient receiving clonidine is also taking tricyclic antidepressants 
e effect of clonidine may be reduced, thus necessitating an increase in dosage. Clonidine 
IVA enhance the CNS-depressive effects of alcohol, barbiturates or other sedatives 

Amitriptyline in combination with clonidine enhances the manifestation of corneal lesions in 


ats 


arcinogenesis, Mutagenesis, Impairment of Fertility: |n a 132-week oral carcinogenicity 
tudy in rats, clonidine hydrochloride produced no carcinogenic effects at doses up to 300 
mes the maximum recommended human dose of Catapres-TTS* on a mg/kg weight basis 


Pregnancy: leratogenic Effects. Pregnancy Category C. Reproduction studies performed 
rabbits at doses up to 3.1 times the maximum recommended daily human dose of 
,atapres- TTS* have revealed no evidence of impaired fertility or harm to the fetus due to 
lonidine hydrochloride. Studies in rats and mice revealed that doses of 500 mcg/kg/day 
nd higher are embryotoxic. One rat study at doses of 15 mcg/kg/day (0.33 times the maxi- 
um recommended daily human dose) exhibited embryotoxicity, There are no adequate 
nd well-controlled studies in pregnant women. Although animal reproduction studies are 
ot always predictive of human response, this drug should be used during pregnancy only if 
learly needed 
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Nursing Mothers: As clonidine is excreted in human milk, caution should be exercised g~ 


when Catapres-TTS* (clonidine) is administered to a nursing woman 

Pediatric Use: Safety and effectiveness in children below the age of 12 have not been 
established 

Adverse Reactions: Most systemic adverse effects during therapy with Catapres-TTS* 
(clonidine) have .been mild and have tended to diminish with continued therapy. In a 3- 
month, multiclinic trial of Catapres-TTS* in 101 hypertensive patients, the most frequent 
systemic reactions were dry mouth (25 patients) and drowsiness (12 patients) 

Transient localized skin reactions, primarily localized pruritus occurred in 51 patients 
Twenty-six patients experienced localized erythema. This erythema and pruritus were more 
common in patients utilizing an adhesive overlay for the entire 7-day treatment period 
Allergic contact sensitization to Catapres-TTS* was observed in 5 patients 


In additional clinical experience, contact dermatitis was observed in 100 of 631 patients 
(about 16 in 100) treated for a mean duration of 24 weeks 


The following less frequent adverse experiences were also reported in patients involved in 
the multiclinic trial with Catapres-TTS" 


Gastrointestinal: Constipation (1 patient); nausea (1); and change in taste (1) 


Central Nervous System: Fatigue (6 patients); headache (5): lethargy (3); sedation (3) 
insomnia (2); dizziness (2); and nervousness (1) 

Genitourinary: Impotence/sexual dysfunction (2 patients) 

Dermatological: Localized vesiculation (7 patients); hyperpigmentation (5); edema (3) 
excoriation (3); burning (3); papules (t); throbbing (1). blanching (1); and generalized 
macular rash (1) 


In additional clinical experience involving 3539 patients, less common dermatologic reac- 
tions have occurred, where a causal relationship to Catapres-TTS* was not established 
maculopapular skin rash (10 cases): urticaria (2 cases); angioedema involving the face (2 
cases), one of which also involved the tongue 


Oro-otolaryngeal: Dry throat (2 patients) 

In:long experience with oral clonidine hydrochloride, the most common adverse reactions 
have been dry mouth (about 40%), drowsiness (about 35%) and sedation (about 8%). In 
addition, the following adverse reactions have been reported less frequently 
Gastrointestinal: Nausea and vomiting. about 5 in 100 patients: anorexia and malaise. each 
about 1 in 100; mild transient abnormalities in liver function tests. about 1 in 100: parotitis 
rarely 

Metabolic: Weight gain, about 1 in 100 patients; gynecomastia, about 1 in 1000: transient 
elevation of blood glucose or serum creatine phosphokinase, rarely 

Central Nervous System: Nervousness and agitation, about 3 in 100 patients: mental 
depression, about 1 in 100 and insomnia, about 5 in 1000. Vivid dreams or nightmares. other 
behavioral changes, restlessness, anxiety, visual and auditory hallucinations and delirium 
have been reported 


Cardiovascular: Orthostatic symptoms, about 3 in 100 patients: palpitations and tachycar- 
dia, and bradycardia. each about 5 in 1000. Raynaud's phenomenon, congestive heart fail 
ure, and electrocardiographic abnormalities (i.e. conduction disturbances and arrhythmias) 
have been reported rarely 

Dermatological: Rash, about 1 in 100 patients; pruritus, about 7 in 1000; hives, angioneu 
rotic edema and urticaria, about 5 in 1000; alopecia, about 2 in 1000 

Genitourinary: Decreased sexual activity, impotence and loss of libido. about 3 in 100 
patients; nocturia, about 1 in 100; difficulty in micturition, about 2 in 1000: urinary retention 
about 1 in 1000 

Other: Weakness, about 10 in 100 patients; fatigue, about 4 in 100; headache, and discon- 
tinuation syndrome, each about 1 in 100; muscle or joint pain, about 6 in 1000 and cramps of 
the lower limbs, about 3 in 1000. Dryness, burning of the eyes, dryness of the nasal mucosa 
pallor, weakly positive Coombs test, increased sensitivity to alcohol and fever have been 
reported 

How Supplied: Catapres-TTS®-1 (clonidine), Catapres-TTS®-2 (clonidine) or Catapres- 
TTS*-3 (clonidine) is supplied as 4 pouched systems and 4 adhesive overlays per carton 
Catapres-TTS*-1 or Catapres-TTS*-2 is supplied in a shipper of 3 cartons 

Consult package insert before prescribing 
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Hemodynamic and Hormonal Effects of High-Dose 


Transdermal Nitroglycerin in Patients 
with Chronic Congestive Heart Failure 


URI ELKAYAM, MD, ARIE ROTH, MD, BORIS HENRIQUEZ, MD, LAURA’ WEBER, RN, 
| DAVID TONNEMACHER, MD, and SHAHBUDIN H. RAHIMTOOLA, MD, FRCP 


The hemodynamic effect of a large dose of nitro- 
glycerin (NTG) (90 mg) glven transdermally using 
a reservoir system was studied in 10 patients with 
severe, long-standing congestive heart failure. Serlal 
hemodynamic medsurements over 24 hours re- 
vealed a mild decrease in mean pulmonary artery 
wedge pressure. However, the change from baseline 
was significant only at 2 hours (19 + 9 vs 27 + 6 mm 
Hg). Mean right atrial pressure fell 1 hour after inl- 
tlation of therapy, from 12 + 7 to 8 + 5 mm Hg. 
However, the change from control was not statisti- 
cally significant. No significant changes were noted 
In heart rate, mean blood pressure, cardiac index, 
and systemic and pulmonary vascular resistance. 
individual analysis of the effect of transdermal NTG 
‘on pulmonary artery wedge pressure demonstrated 
at 20% or greater reduction in 8 of 10 patients. 
However, persistent effect (longer than 8 hours) was 
seen in only 4 patients. Removal of NTG patches at 


24 hours did not result in hemodynamic rebound. 
Serum catecholamine levels and renin concentration 
did not change 2 hours and 24 hours after initiatlon 
of NTG therapy or after removal of NTG patches. 
Thus, a large dose (90 mg) of transdermal NTG using 
a reservolr system results in mild and mostly sta- . 
tistically Insignificant hemodynamic effect In pa- 
tients with chronic severe congestlve heart failure. 
Although a reduction in pulmonary artery wedge 
pressure Is seen in most patients, rapid attenuation 
of this response Is found in many patients and the 
effect only rarely lasts for 24 hours. The lack of 
hemodynamic rebound after discontinuation of 
therapy in addition to the absence of changes In 
serum Catecholamine levels and renin concentration 
suggest that hemodynamic attenuation Is not a result 
of activation of vasoconstrictive mechanisms during 
continuous NTG therapy. - 

(Am J Cardiol 1985;56:555-559) 





The therapeutic role of nitrates in congestive heart 
failure (CHF) has been established in recent years.1-4 
Transdermal systems for delivery of nitroglycerin 
(NTG) have-been shown to generate effective and 
steady plasma drug levels of NTG for at least 24 
hours.>~’ These delivery systems, if effective, could be 
attractive for the therapy of heart failure because they 
have the potential for long-acting and steady hemody- 
namic effect and increased patient compliance.8 In the 
present study we evaluated the magnitude and duration 
of the hemodynamic response to high-dose NTG when 
administered transdermally in patients with severe 
CHF 
ge a 
From the Department of Medicine, Section of Cardiology, University 
of Southern Callfornia/Los Angeles County Medical Center, Los An- 
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Methods 


Patients: We studied 10 patients (5 men, 5 women), aged 
42 to 62 years (mean 53 + 6 [+ standard deviation]), with 
chronic, severe CHF owing to left ventricular (LV) systolic 
dysfunction. The diagnosis of LV failure was confirmed in all 
patients by a reduced ejection fraction, which ranged from 0.13 
to 0.36 (mean 0.20 + 0.08). The cause of chronic CHF was 
coronary artery disease in 5 patients and dilated cardiomy- 
opathy in 5. No patient had primary valvular disease or clinical 
evidence of active myocardial ischemia at the time of the 
study. All patients were in the New York Heart Association 
functional classes III and IV and were in stable clinical and 
hemodynamic condition. The study was started at least 24 
hours after the insertion of a balloon-flotation pulmonary 
artery (Swan-Ganz) catheter. Usual doses of digitalis were 
continued throughout the study, while nitrates were stopped 
at least 24 hours before the initiation of the study. In all but 
1 patient the administration of diuretic agents was withheld 
throughout the study period. 

Hemodynamic measurements and computations were 
performed by standard techniques and formulas.9.19 


556 TRANSDERMAL NITROGLYCERIN AND HEART FAILURE. 


. Plasma catecholamine levels were determined by igo- 
V ope radioenzymatic technique.!! Plasma renin concentra- 
tion was measured in the untreated samples by radioimmuno- 
assay of angiotensin I after addition of excess sheep 
angiotensinogen. 

. Drug protocol: Hemodynamic stability (less than 10% 

variation) in heart rate, blood pressure, pulmonary artery 
wedge pressure and cardiac. output was ensured for at least 
1 hour by 2 or more hemodynamic measurements before the 
- initiation of therapy. Hemodynamic values determined at the 
last measurement were used as baseline values, Transdermal 
NTG patches, 30 cm? (Transderm®-Nitro, Ciba-Geigy), were 
, used in this study; this system is claimed by the manufacturer 
to release 15 mg of NTG over a 24-hour period.® Six patches 
were applied to the chest wall of each patient to provide the 
release of 90 mg of NTG per 24 hours. The decision to use 90 
mg of transdermal NTG was based on our previous initial 
' experience showing lack of significant hemodynamic response 
to 30 and 60 mg in a similar patient population.!? Hemody- 
. namic values were measured at 30 minutes, 1 and 2 hours after 
the application of the drug and then every 2 hours for 24 hours. 
Transdermal NTG was then removed and hemodynamic 
'" measurements were repeated 30 minutes, 1 hour and 2 hours 
after therapy was discontinued. 

Blood samples for catecholamines and renin were drawn 
at baseline and 2 and 24 hours after the application of trans- 
: dermal NTG and 1 hour after the removal of the drug. 

Statistical analysis: Analysis of variance for the repeated 
measurements and the Newman-Keuls test!* were used to 
analyze the data. All values are expressed as mean + standard 
deviation. A p value <0.05 was considered statistically 
significant. 


Results 


‘Figures 1 and 2 show group hemodynamic values at 
baseline and as measured during the study period. Mean 
heart rate at baseline was 91 + 22 beats/min and mean 
blood pressure was 95 + 14 mm Hg. Both variables 
showed only small and statistically insignificant changes 
throughout the study period. Similarly, only small 
changes were seen during the study in group values of 
cardiac index, which was 1.7 + 0.5 liters/min/m? at 
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FIGURE 1. Sequential effects of high-dose transdermal nitroglycerin 
on heart rate, mean blood pressure and cardiac Index. Changes In these 
variables were not statistically different from control values (C). 


baseline and systemic vascular resistance, which was 


2,299 + 527 dynes s cm~ at baseline. Mean right atrial 
pressure decreased 1 hour after initiation of therapy, 
from 12 + 7 to 8 + 5 mm Hg, and remained lower than 


marked variations in individual response, changes in 
this variable were not statistically significant. Mean 
pulmonary artery wedge pressure was 27 + 6 mm Hg at 
baseline and showed a mild fall throughout the study. 
Changes were significant only at 2 hours (19 + 9 mm 
Hg). Pulmonary vascular resistance was 293 + 197 
dynes s cm"? at baseline and did not change odi 
cantly throughout the study. 

Figure 3 shows the individual values of mean pul- 


monary artery wedge pressure in all 10 patients during - 


the study period. A 20% or more reduction in this he- 
modynamic variable was noted in 8 of these patients, 
with a maximum decrease in most patients 1 to 2 hours 
after the application of NTG. However, a persistent 
effect (longer than 8 hours) was seen in 4 Palionts only 
(nos. 1, 4, 5, and 9). 

Figure 4 shows mean group hemodynamic values at 
baseline, 24 hours after initiation of therapy, and 30 


minutes, 1 hour and 2 hours after removal of the 


patches. No significant changes were found in the 
measured hemodynamic values, demonstrating lack of 
hemodynamic rebound after abrupt discontinuation of 
therapy. 

Norepinephrine levels in our 10 patients were 846 + 
470 pg/ml at baseline and showed no significant change 
during therapy (883 + 387 pg/ml at 2 hours and 884 + 
504 pg/ml at 24 hours) (Fig. 5). One hour after removal 
of NTG patches norepinephrine levels increased slightly 
but not significantly, to 965 + 456 pg/ml. Epinephrine 
levels were 170 + 114 pg/ml at baseline 173 + 90 pg/ml 
2 hours and 156 + 113 pg/ml 24 hours after initiation of 
therapy. Discontinuation of NTG treatment resulted 
in a mild but not statistically significant decrease in 
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FIGURE 2. Sequential effects of high-dose transdermal nitroglycerin 
on mean pulmonary artery wedge pressure, mean right. atrial pressure 
and systemig vascular resistance. C = control value. * p «0.05. 


. the baseline value for 24 hours. However, because ofe 7€ 


>, 
‘ yor 


e 
=- ——— — — — = 


FIQURE 3. individual response of mean 
pulmonary artery wedge pressure. 
Broken line represents a value 20% 
lower than basellne. Shaded areas 
represent measurements more than 
20 %| lower than basellne values, C = 
control value. 


Mean Pulmonary Artery Wedge Pressure (mm Hg) 


FIGURE 4. Group values for heart rate (HR), mean 
bloodpressure (MBP), cardiac index (Ci), mean 
right atrial pressure (RA), mean pulmonary artery 
wedge pressure (PAW) and systemic vascular 
resistance (SVR) at control (C), 24 hours after 
Initiation of therapy, and 30, 60 and 120 minutes 
after removal of nitroglycerin patches. No signif- 
icant changes were noted in any of the hemody- 
namic variables measured, 
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epinephrine (129 + 37 pg/ml). Renin plasma concen- 
tration was elevated in most of our patients at baseline, 
with a mean group value of 22 + 39 ng/ml/hour.. No 
significant change in the concentration of this hormone 
was seen throughout the study (23 + 27 ng/ml/hour at 
2 hours and 17 + 18 ng/ml/hour at 24 hours) or after 
removal of transdermal NTG (24 + 30 ng/ml/hour). 


Discussion 


Previous investigations have shown that the doses of 
nitrates required for treatment of patients with severe 
heart failure have usually been larger than those needed 
for the treatment of angina pectoris without heart 
failure.?415 The present study shows that the use of 90 
mg of transdermal NTG, a dose significantly higher 
than doses reported to be effective in patients with 
angina pectoris,1617 resulted in only mild and mostly 
insignificant hemodynamic responses in patients with 
CHF. The only significant hemodynamic change noted 
in our group of patients was a 2696 reduction of mean 
pulmonary artery wedge pressure, seen 2 hours after the 
initiation of therapy. This result compares unfavorably 
with the previously reported 4596 reduction in mean 
pulmonary artery wedge pressure at peak effect of 40 
mg of isosorbide dinitrate in patients with CHF.* Al- 
though most of our patients had at least a 20% reduction 
in mean pulmonary wedge pressure, this response was 
short-lasting and persisted longer than 8 hours in only 
4 patients. 
~ This study cannot rule out the potential efficacy of 


transdermal NTG when used in doses higher than 90 mg ` 


- in patients with CHF. In order to release a dose of 90 mg 


of nitroglycerin over a 24-hour period with the presently . 


available patches, the drug must be applied to a 180 cm? 

.area, because the plasma level of N'TG is directly in- 
fluenced by the surface area of application.!® The use 
of even higher doses of transdermal NTG in patients 
with CHF will therefore be limited by the need to use 
an extensive skin area. 

A recent report by Rajter et al! showed a significant 
hemodynamic benefit after the use of 25 to 30 mg 
transdermal NTG in a small group of patients with 
chronic CHF. These investigators reported, in addition 
. to a reduction in right and LV filling pressures, a sig- 
nificant and sustained decrease in LV outflow resistance 
and augmentation of cardiac output lasting for 24 hours. 


The reason for the superior effect achieved with smaller . 


dosage by Rajter et al compared with our results is not 
clear and may be a result of differences in patient pop- 





[| Control 


FIGURE 5. Mean group values for cat- 


N NY 2 hy following NTG echolamines and plasma renin cor 
NS centration as measured at control and* a 
BA 24 hr following NTG 2 and 24 hours after initiating nitro- 


glycerin (NTG) and 1 hour after remova I 


7 
FA ihr after removal of NTG of NTG patches. 


ulation. Àn additional consideration should be given to 


the type of NTG preparations used. We used a reservoir 
system? in the present study; Rajter et al used a matrix 
system for the storage and release of NTG. The poten- 
tial role of the release mechanism of NTG is further 
emphasized by a study that showed significant early 
hemodynamic effects in patients with CHF with 20 to 
30 mg of N'TG delivered transcutaneously by matrix 
systems. 

Sustained therapy of nitrates using the transdermal 
approach has been recently reported to result in rapid 
development of tolerance in patients with angina pec- 
toris.1621 Our results show an early attenuation of he- 
modynamic éffects in some of our patients who re- 
sponded to therapy. These findings are in accordance 
with findings of other investigators? and may suggest 
early tolerance to sustained NTG. therapy in patients 
with chronic CHF. Olivari et al^? described a similar 


` attenuation of early hemodynamic effects of transcu- 


taneous NTG at 24 hours. The removal of the NTG 
patches at that time, however, resulted in a significant 
increase in systemic and pulmonary arterial pressures 
and vascular resistances, which exceeded the prestudy 
values for these variables. These investigators suggested 
an endogenous vasoconstrictor mechanism as a cause 
for attenuation of initial hemodynamic changes seen 
with sustained nitrate therapy in patients with CHF. 
Although we found a similar hemodynamic attenuation, 


‘discontinuation of NTG therapy in our patients did not 


result in a rebound hemodynamic response. The lack 
of hemodynamic overshoot in CHF patients after re- 
moval of NTG patches has been described by other in- 
vestigators??? and suggests that the attenuated effect 
of therapy may be related to a change in rate of ab- 
sorption rather than vascular tolerance. This important 
aspect of sustained nitrate therapy in patients with 
CHF must be further investigated. 

Elevated hormonal levels were found in our patients 


.and were previously described in patients with chronic 


CHF.” Activation of vasoconstrictor mechanisms 
through changes in activity of the sympathetic and 
renin-angiotensin system secondary to initial vasodi- 
lation has been suggested as a cause for early attenua- 
tion of the response to vasodilator therapy.?59 The lack 
of significant changes in plasma catecholamine levels 
or renin concentration during NTG therapy?? does not 
gupport such vasoconstrictor mechanism as a cause for 
early hemodynamic attenuation after transdermal N'T'G 
therapy in patients with CHF. 
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Clinical implications: This study demonstrates a 

mild and mostly short-lasting hemodynamic effect of 

high-dose (90 mg) NTG when given transdermally using 

a reservoir system to patients with chronic CHF. The 

- ,effect is limited to LV filling pressure and is smaller 

than that reported with oral nitrate therapy. These data 

question the efficacy of transdermal N'TG in doses as 

high as 90 mg for the treatment of severe, chronic 
CHF. 
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The acute hemodynamic effects of 20 to-50 mg of |. 


orally administered nifedipine were evaluated in 31 
patients with:severe chronic congestive heart failure 
(CHF) and the results were analyzed according to 
the response of the cardiac Index (Ci). Although the 


group mean value of Cl increased significantly after 


‘nifedipine treatment (from 2.1 + 0.5 to 2.4 + 0.8 
 liters/min/m?, p <0.001), the individual response 
was varlable. Twenty of the patients had 1596.or 
greater: Increase in Cİ (group A) and 11 patients had 
less than a 15% Increase or a decrease In Cl (group 
B). Marked differences were also noted In the ef- 
fects of nifedipine on other hemodynamic variables. 


_ Stroke volume Increased 29 + 14% in group A and 


decreased 11 + 18% in group B (p <0.001). Sys- 
temic vascular resistance decreased 34 + 11% in 


group A (p <0.001) and-increased slightly, 2 + ! 
28 %, in group B. Left ventricular (LV) stroke work : 
“Index Increased 11 + 19% In group A (p. <0.001) - 


and decreased markedly in Group B (21.+ 20%). 


: Six group B patients had a substantial worsening . 


` Nifedipine was recently added to the list of vasodilator 
‘agents evaluated for the treatment of congestive heart ` 


failure (CHF).1-* Initial studies showed variable re- 
sponses to therapy with hemodynamic improvement in 


some patients.?4 and limited effect or even hemody- e 
p E origin of CHF was coronary artery disease in 11 patients and. . 


namic deterioration in others.?$ Analysis, of the 


available data in most studies is difficult owing to the - 


relatively small number of patients, different degrees 
. of CHF among different groups and variations in the 


therefore undertaken in a large number of patients to 


assess the spectrum and the predictability of hemody-. 
namic response to a in patients with severe . 


CHF. 
E Methods 


We studied 37 patients who were admitted.to the University 
of Southern California-Los Angeles County Medical Center '. 
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(20% or mora) of one or more hemodynamic | 


measurements, including Ci, stroke volume Index, 


wedge pressure. A comparison of control hemody- 
namic values at rest, LV ejection fraction, assocl- 


. ated coronary artery disease, nifedipine dose, and | 
revealed no significant < 


concomitant diuretic therapy 
differences between the 2 groups. This study con- 
firms, in a large group of patients with severe CHF, 


. the variable hemodynamic effects of nifedipine 
: therapy. Although CI Improved In many patients; in 


some patients (35 96 ) did not. Moreover, nifedipine 


- therapy resulted in a significant hemodynamic de- 


terioration in 6 patients. The response to therapy 


- LV stroke work index and mean pulmonary artery ` 


! d 


was not dose-related and could not be predicted by  : 


basellne hemodynamics, LV function, presence of 
associated coronary artery disease and coricomitant 
diuretic therapy. Caution.and hemodynamic moni- 
toring are recommended it this agent Is used in pa- 
tients with severe chronic CHF. . 

| |. (Am J SNO 1985; 56: 590-666) 


for inadequate control of severe chronic CHF T were treated ` 


with nifedipine. Thirty-one of these patients (23. men, 8 


women) received the drug in an identical protocol and were .: 
selected for our analysis./The ages of these patients ranged 


from 20 to 78 years (mean + standard deviation 58 + 16). The 


dilated cardiomyopathy in 20. No patient had primary val-: 


vular disease or clinical evidence of active myocardial ischemia 
or myocardial infarction at the time of the study. Cardiac 


^. catheterization and coronary angiography were performed in 
route of administration, dósage used and schedule of | 
hemodynamic measurements. The present study was ` 


16 patients. The presence of. coronary artery disease, was 
confirmed by coronary angiography.in 6. patients and by 
documented history of myocardial infarction in the other 


patients. Nine patients with dilated cardiomyopathy had a `- 


history of excessive chronic alcohol intake. All patients were 


in the New York Heart Association functional classes III and 
|. .IV: Left ventricular (LV) ejection fraction was determined in’ 
.. 26 patients and ranged from 0.08 to 0.31 (mean 0.17 + 0.07)... 
^ The administration of long-acting vasodilator agents (iso- | 
' sorbide dinitrate and hydralazine) was discontinued atleast | 
. 16 hours before initiation of the study. Four patients received M 
- - nitroprusside before the administration.of nifedipine as a part ` 
‘of a comparative evaluation between the2 drugs.7In all 4 cases 


the infusion of nitroprusside was gradually discontinued over 
60 to 90 minutes to.prevent hemodynarnic rebound. Hemo- 
dynamics were allowed to return to.: baseline values after 


complete discontinuation of nitroprusside therapy (at least - 
3 hours) before the initiation of nifedipine therapy. Digitalis. mE 


n 


r 


IPM 
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was continued throughout the study using the prestudy dose. 

Diuretic therapy was continued in 21 patients and discon- 

tinued 24 to 28 hours before the initiation of nifedipine ther- 

apy in 11 consecutive patients. Discontinuation of diuretic 

therapy was done as a part of evaluation of renal hemody- 
*namic response to nifedipine therapy.? 

Hemodynamic measurement and computations: 
Right-sided cardiac catheterization was performed using a 
balloon-tipped, triple-lumen, Swan-Ganz catheter, which 
allowed the measurements of right atrial, pulmonary arterial 
and pulmonary artery wedge pressures. The reference point 
for the procedure was at the midchest level with the patient 
in a supine position. All pressures were recorded on an Elec- 
tronics for Medicine AR 6 or VR 12 recorders. Mean pressures 
were measured with the use of electronic integration and heart 
rate| was determined by electrocardiographic recordings. 
Systemic blood pressures was determined by the standard cuff 
method Cardiac output was determined by thermodilution 

ota viously described. 9 Measurements were done in tripli- 

ing ice-cold 5% dextrose in water as the indicator. Mean 

artetial blood pressure, cardiac index (CI), stroke volume 

index, LV stroke work index, systemic vascular resistance and 

pulmonary vascular resistance were calculated using standard 
formulas. 

Hemodynamic stability (10% or less variation) was ensured 
before initiation of the study for 1 hour or longer using 2 or 
more hemodynamic measurements. Control hemodynamics 
were then measured and were followed by oral administration 
of 20 mg of nifedipine with repeated measurements 30 and 
then 60 to 120 minutes after administration of the drug. In 
patients who failed to show at least a 20% decrease in systemic 
vascular resistance, an additional 10 mg of the drug was given 
every hour until the desired effect was achieved or a total dose 
of 50 mg was given. Hemodynamic measurements were re- 
peated 30 and 60 minutes after each dose. In 4 patients titra- 
tion of dose was discontinued because of substantial hemo- 
dynamic worsening. Three of these patients received the initial 
dose of. 20 mg only; 1 patient received a total dose of 30 mg. 

Statistical analyses: A paired £ test was used to analyze 
the group hemodynamic effects at control and 60 to 120 


minutes after the administration of the largest dose given. < 
nonpaired t test was used to analyze differences in contro, 
hemodynamic values, LV ejection fraction, patient age, and 
nifedipine dose between patients in groups A and B (described 
later). Analysis of variance for the repeated measures was used 

to analyze the dose related hemodynamic effects in 6 patients 
who received a total dose of 50 mg. The chi-square analysis 
was used to assess difference in the incidence of coronary ar- 
tery disease in both groups. A p value <0.05 was considered 
statistically significant. All values were expressed as mean + 
standard deviation. 


Results 


Eighteen patients received a dose of 20 mg each, 3 
patients received 30 mg, 4 patients received 40 mg, and 
6 patients received a total dose of 50 mg. Figure 1 shows 
mean group values at control and after nifedipine 
therapy for all 31 patients. Systemic vascular resistance 
decreased from 1,881 + 553 to 1,455 + 664 dynes s cm~’ 
(p <0.001). Stroke volume index increased from 24 + 
6 to 27 + 8 ml/m? (p «0.001) and CI from 2.1 + 0.5 to 2.4 
+ 0.8 liters/min/m? (p «0.001)..Mean blood pressure 
decreased from 96 + 15 to 85 + 12 mm Hg (p «0.001) 
and heart rate did not change significantly (89 + 15 vs 
92 + 15 beats/min). No significant change was seen in 
mean right atrial pressure (11 + 7 vs 11 + 8 mm Hg), 
mean pulmonary artery wedge pressure (24 + 8 vs 23 + 
7 mm Hg), pulmonary vascular resistance (272 + 145 vs 
206 + 76 dynes s cm?) and LV stroke work index (23 
+ 9 vs 23 + 10 g-m/m?). 

Figure 2 shows the individual Gane in CI. We 
separated the patients into 2 groups according to their 
CI response to therapy. Twenty patients showed at least 
a 15% increase in CI (mean 31 + 14%) (group A) and 11 
showed either a decrease or less than a 15% increase in 
CI (mean —7 + 16%) (group B). The total dose of ni- 
fedipine for these 2 groups did not differ significantly, 
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FIGURE 1. Group mean values of mean blood pressure 
(MBP), heart rate (HR), mean right atrial pressure (RA), 
pulmonary artery wedge pressure (PAW), cardiac 0 o 0 
index (Cl), stroke volume Index (SVI), systemic vascular © C NIF C NIF C NIF C NIF 
resistance (SVR) and left ventricular stroke work Index 
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FIGURE 2. Individual values of cárdlac index in 31 patients before (C) -` 


and after nifedipine (NIF) therapy. Solid lines indicate a 1596 or greater 
, Increase and broken lines less than a 1596 Increase in cardiac index. 
E Large circles cid the mean group values. 
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98 + 12 mg in group A and 31 + 14 mg in group B. Per- 
cent change from control in hemodynamic variables are 


shown in Figure 3. No difference was found between the 


2 groups in heart rate response to therapy (6 + 13% vs 
2 + 8%), so stroke volume index changes were similar 
to those of CI, with a 29 + 14% increase in group A and 
11 + 18% decrease in group. B (p <0. 001). A significant 


<" difference was also seen in systemic vascular resistance 


response between the 2 groups, with a decrease of 34 + 


x 


10% in group A andian increase of 2.+ 28% in. group B, > 


(p <0.001). LV stroke. work index fell 21 + 20% in group 
B and increased 11 + 19% in group A (p <0.001). No 


significant difference was noted between the groups in 


the? response of pulmonary artery wedge pressure (8 + 


^ 2296 in group A and —4 + 37% in group B), and mean 
.. blood pressure (—7 + 95% vs —13 + 89)... 


Figure 4 is a comparison of control lienodvnaimic 


values at rest and LV functional data for the 2 groups. 
No significant differences were found in baseline values 


: of LV ejection fraction (0.19 + 0.09 vs 0.16 + 0.05), heart 


rate.(91 X.19 vs 88 + 12 beats/min), mean blood pres- 
sure (90 +.13 va 100 + 15 mm Hg), CI (2.2 + 0.7 vs 2.0 
+ 0.5 liters/min/m?), stroke volume index (24 +.7 vs 23 


— + 6 ml/m?), mean right atrial pressure (12 + 10 vs 10 + 
‘6 mm Hg), pulmonary artery wedge pressure (24 + 5 vs 
..25 +.9 mm Hg), systemic vascular resistance (1,676 + 
547 vs 1,993 + 537 dynes s cm~), pulmonary vascular 
resistance ae + 1585 vs 278 + 142 yos: 8 em") or t LV 
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FIGURE 4. A comparison between control (before nifedipine treatment) values of left ventricular ejection fraction (EF), heart rate (HR), mean blood 
pressure (MBP), cardiac Index (CI), stroke volume index (SVI), right atrial pressure (RA), pulmonary artery wedge pressure (PAW), systemic vascular 
resistance (SVR), pulmonary vascular resistance (PVR) and left ventricular stroke work Index (SWI) between the 2 groups. The differences In all 





of these varlables was not significant. 


stroke work index (22 + 8 vs 24 + 9 g-m/m?). Mean age 
differed significantly (p = 0.02) between the groups (Fig. 
5), 50 + 18 years in group A and 62 + 11 years in group 
B. Eight of 9 patients who were younger than 50 years 
old showed more than a 1596 increase in CI after ni- 
fedipine therapy. Five group A patients and 5 group B 
patients had underlying coronary artery disease (dif- 
ference not significant). 

Five patients showed a substantial worsening (at least 
20%) of either CI, stroke volume index or LV stroke 
work index and 1 patient showed a 2896 increase in mean 
pulmonary artery wedge pressure with small change in 
CI (Table I). Changes in LV performance as represented 
by the relation between mean pulmonary artery wedge 
presgure and LV stroke work index for these 6 patients 
are shown in Figure 6. Comparison of the control he- 
modynamic values at rest, LV function and dose of ni- 
fedipine between these 6 patients and the 20 patients 
in group A also did not show any significant difference. 
M age was significantly different between the 
groups, 64 + 10 years for these 6 group B patients and 
50 + 7 years in group A (p = 0.002). 

Six of our patients received a total nifedipine dose of 


50 mg. Figure 7 shows the CI values at control and after: 


each dose interval. CI was 2.0 + 0.8 liters/min/m? at 
control, 2.0 + 0.4 liters/min/m? after 20 mg of nifedi- 
pine, 2.1 + 0.4 liters/min/m? after 30 mg, 2.2 + 0.7 li- 
ters/min/m? after 40 mg and 2.2 4: 0.4 liters/min/m? 





RESPONDERS NON 
RESPONDERS 
FIGURE 5. Distribution of age in years In the responders (1596 or 
greater increase In cardiac index) and the nonresponders. The age 
. difference between the groups was statistically significant (p <0.05). 
Eight of nine patients younger than 50 years responded to nifedipine 
therapy. 


TABLE | 


Individual Hemodynamic Data at Control and After Therapy In Six Patients Who Showed an Unfavorable Hemod 


Nifedipine 


ynamic Response to 


SWI 


(g-m/m?) 


SVR 


PAW 
(mm Hg) (dynes s cm~’) 


CI SVI 
(ml/m?) 


(l/min/m*) 


MBP 
(mm.Hg) 


HR 
(beats/min) 


Total 


C 


Dose 
(mg) 


Pt. 
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mean pulmonary artery wedge pressure; SVI = stroke volume index; 


nifedipine; PAW = 


= heart rate; MBP = mean blood pressure; N 
= left ventricular stroke work Index. 


cardiac index; HR 


| SVR = systemic vascular resistance; SW! 


control; Ci 


C= 





_after total dose of 50 mg. The difference between these 


values was not statistically significant. . 
Twelve of the 20 patients in group A and in 8 of the 
11 in group B received diuretic therapy during the 


study. The difference between the 2 groups was not , 


statistically significant. . 
Discussion 


A marked elevation in LV outflow resistance is a 
common finding in patients with severe CHF owing to 
LV systolic dysfunction.!-? A reduction of vascular re- 
sistance usually results in a greater shortening of myo- 
cardial muscle fibers and, thus, higher cardiac out- 
put.1911 The rationale for the use of nifedipine in CHF 
is based on its proved marked vasodilatory effect, which 
is a result of modification of calcium ion flux across the 


.cell membrane and interference with vascular muscular 


excitation-contraction coupling.!? The specific effect 
of this drug on the coronary circulation!? and its fa- 
vorable effects on noncardiac diseases such as asthma, 
hypertension and peripheral vascular disease!4-16 add 
to the potential benefits of nifedipine in the treatment 
of patients with CHF. Initial therapeutic trials using 
nifedipine in CHF resulted in conflicting reports with 
beneficial effects shown by some investigators, 2/1718 
whereas others reported potential hazardous effects 
owing to myocardial depression.?^8 Our experience in 
a large group of patients with chronic severe CHF con- 
firms the variable hemodynamic effect of nifedipine 
therapy. Although many of our patients experienced an 
acute hemodynamic improvement following therapy, 
35% (11 of 31) showed no hemodynamic benefit despite 
increasing dosage, and 6 of these patients showed a 
potentially hazardous hemodynamic deterioration. 
Similar hemodynamic and clinical worsening owing to 
nifedipine has been suspected and even documented in 
small groups of patients with chronic heart fail- 
ure, 56.19,20 The depression of myocardial performance 
in some patients with heart failure is probably related 
to the negative inotropic effect of the drug. This effect, 
which can be. demonstrated in isolated myocardial 
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FIGURE 6. Percent change from control in mean pulmonary artery 
wedge pressure and in left ventricular stroke work index In 6 patients 
who showed hemodynam!c worsening after nifedipine therapy. 
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preparations,?.?? is usually well compensated by im- 
proved emptying of the left ventricle owing to a vaso- 
dilatory and, thus, unloading effect. In patients with 
either normal or only mildly depressed LV function, a 


, nifedipine-mediated decrease in mean aortic pressure 


is followed by activation of the sympathetic nervous 
system through the baroreceptor reflex mechanism, 
leading to a compensatory increase in heart rate and 
cardiac output.” In addition, in patients with active 
myocardial ischemia, nifedipine, by its peripheral and 
coronary circulatory effect,!? can improve myocardial 
oxygen supply/demand ratio, and thus may correct 
ischemia-related myocardial dysfunction. The impor- 
tance of a reflex increase in sympathetic activity in the 
compensation for the negative inotropic effect of ni- 
fedipine is evidenced by a documented decrease in 
contractility and development of heart failure and hy- 
potension after nifedipine administration in patients 
concomitantly treated with 8-blocking agents.25?5 In 
patients with severe chronic heart failure without 
clinical evidence of myocardial ischemia, substantial 
attenuation of baroreceptor response and abnormally 
elevated level of circulating cathecholamines minimize 
the effect of a reflex augmentation of -adrenergic 
tone,” resulting in a partially or completely unopposed 
negative inotropic effect. 

In the present study the increase in cardiac output 
was selected as an index for response to nifedipine be- 
cause it is the most desirable goal of LV afterload-re- 
ducing therapy in CHF. À marked individual variability 
in CI response to nifedipine was found in our study. 
Similar changes in CI in patients with CHF have not 
been previously emphasized, but are supported by other 
reports. Matsumoto et al? reported beneficial hemo- 


dynamic effect, but demonstrated only a minimal in- 


crease in CI in 6 of 8 patients after nifedipine therapy. 
Klugmann et al?” and Hanrath et alt also emphasized 
the significant increase in group mean value of CI after 
nifedipine therapy in their patients with CHF; however, 


‘CI showed a reduction or only a small increase in ap- 


proximately one-third of the patients. 
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FIGURE 7. Cardiac index (Cl) as measured in 6 patients who recelved 
a total dose of 50 mg of nifedipine. Gradual Increase in total dose did 
not have a significant effect on Cl. 
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When'a sufficiently high dose of arterial dilators suc 
as hydralazine or minoxidil is used, a marked im? 
provement in CI can be seen in most, if not all, patients 
with severe heart failure.^?8 Nifedipine failed to th- 
crease CI in some of our patients despite gradual titra- 
tion to a total of 50 mg, a dose considerably higher than 
that used in previously reported studies..2:4.18,19,24 

Theoretically the depressant effect of nifedipine in 
patients with CHF may be dose-related. However, no 
difference was found in the dosage of nifedipine given 
to the 2 groups and 4 of the patients showing hemody- 
namic deterioration received a dose of 20 mg only. In 
addition, a gradual increase of the dose in 6 patients to 
50 mg of nifedipine did not cause a significant hemo- 
dynamic worsening (Fig. 7). 

The present study shows that the response of CI to 
nifedipine does not correlate and cannot be predicted 
by any of the hemodynamic or LV functional values at 
rest or by the presence of coronary artery disease. The 
mean age for patients who showed an augmentation of 
CI after nifedipine therapy was lower than that of the 
rest of the patients. Moreover, 8 out of 9 patients who 
were younger than 50 years showed a favorable response 
to therapy. Analysis of the relation between age and 
change in peripheral vascular resistance after therapy 
showed a poor correlation (r = 0.132), excluding an as- 
sociation between age and vascular reactivity to ni- 
fedipine. The importance of this finding is, therefore, 
unclear and needs further evaluation. 

Twelve patients in group A and 8 in group B received 
diuretic agents during the study; thus, a comparable 
distribution of patients treated with diuretics was found 
between both groups. For this reason and the relatively 
short duration of our study, it seems unlikely that dis- 
continuation of diuretic agents in some of the patients 
affected the results of the study. 

Clinical implications: Our findings show a variable 
hemodynamic response to LV unloading therapy with 
the calcium antagonist nifedipine in patients with se- 
vere CHF. Although the majority of patients demon- 
strated hemodynamic improvement of CI with therapy, 
35% of the patients failed to show a favorable response 
and 6 of 31 patients demonstrated potentially hazardous 
hemodynamic and clinical deterioration. The response 
to nifedipine therapy was not dose-related and could not: 
be predicted from the baseline hemodynamic values, LV 
function, the presence of coronary artery disease or 
concomitant diuretic therapy. These data indicate that 
nifedipine therapy should be used with caution and 
under hemodynamic monitoring in patients with CHF 
due to chronic severe LV systolic dysfunction. 
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Effect of Enalapril on Ventricular Arrhythmias 
in Congestive Heart Failure 
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Twenty-four-hour Holter electrocardiographic re- 
. cordings were used to. measure the effects of a 
converting-enzyme Inhibitor, enalapril, given for 12 
weeks, on the frequency of cardiac arrhythmias In 
10 patients with congestive heart failure (New York 
‘Heart Associatlon functional class II to IIl) receiving 
maintenance therapy with digoxin and furosemide. 
Nine patients were glven placebo, and both study. 


groups were conducted In a doubie-bliind, parallel | 


‘manner. The placebo group had no change In the 
frequency of arrhythmlas, whereas enalapril-treated 
‘patients showed a significant decrease in the fre- 
quency of premature ventricular complexes, ven- 
tricular couplets and ventricular tachycardia. A 
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The prognosis for patients with severe congestive heart 
failure (CHF) is bleak.'-? Death is often sudden,?-96 


presumably due to ventricular arrhythmia. Antiar- 
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minor, nonsignificant reduction In atria! premature 
complexes was seen In patients who received en- 


 alapril. Compared with placebo patients, those who 


received enalapril had an increase in plasma po- 
tassium levels of 0.33 mmol/Iiter, a decrease In 


plasma digoxin, and decreases In pulmonary artery 


wedge, mean pulmonary artery and right atrial 
pressures. However, none of these indexes were 


.correlated with the concomitant decline in cardiac 


arrhythmias. It Is concluded that enalapril reduces 
the frequency of ventricular arrhythmias In con- 
gestive heart fallure, although the underlying 
mechanisms are not known. 

(Am J Cardiol 1985; 56: 566-569) 


. rhythmic drugs cannot be recommended as a routine, 
however, because most have undesirable effects, espe- 
cially a negative inotropic action.’ Many new treatments 
for CHF have been introduced in the last few years, but 
their effect on myocardial irritability has received 
limited attention. We measured the frequency of ar- 

. rhythmias in patients with CHF before and after 12 
weeks of treatment with an angiotensin converting en- 
zyme (ACE) inhibitor, enalapril, in a randomized, pla- 

7 cebo-controlled, parallel, double-blind study. 


; 
Ww 
La 





L 


September 15, 1885.. THE AMERICAN JOURNAL OF CARDIOLOGY Volume 56 567 


* 
TABLE | Frequency of Atrlal and Ventricular Ectopic Complexes In Patlents with Heart C i 
Fallure . 
Placebo Enalapril . 

Week 0 4 12 0 4 12 
No. of pts. 9 9 8 10 10 9 
Atrial premature beats 313 2,015 523 1,304 383 320 

(beats/24 hours) +124 +1,140 +243 +1,213 +355 +233 
Premature ventricular 3,883 8,775 7,141 1,913 1,650 386° 

complexes (beats/24 «1,273 +4,269 +2,852 +661 +506 +169 

hours) 
Ventricular couplets 346 * 620 380 41 24 7.7* 

(episodes/24 hours) +279 +552 +4256 £24 +14 +6.2 


Ventricular tachycardia 66 158 71 4.2 1.0 0.4 
(episodes/24 hours) +63 +152 +61 +3.2 +0.6 +0.2 


* p <0.05 in comparison with week 0. 
Values are mean + standard error of the mean. 


Methods 


Twenty patients, 17 men and 3 women, aged 37 to 74 years, 
with chronic CHF (New York Heart Association functional 
class II to III) underwent the 12-week study. CHF was caused 
by myocardial ischemia in 14 patients and idiopathic dilated 
cardiomyopathy in 6. Before entry, all were stabilized with 
furosemide (80 to 750 mg/day) and digoxin (0.125 to 0.375 
mg/day) with the exception of 1 patient who never received 
digoxin. No patient had taken ACE inhibitors before, and 
other vasodilators were discontinued at least 14 days before 
the study. The protocol was approved by the Hospital's Eth- 
ical Committee, and patients gave informed consent. l 

The patients were admitted to the hospital for 24-hour 
electrocardiographic (ECG) recording, and for biochemical 
and hemodynamic measurements. A continuous 24-hour 
ambulatory ECG tracing was obtained using the Oxford 
Medilog system. Venous samples were drawn at approxi- 
mately 0900 hours for measurements of plasma potassium, 
digoxin and magnesium. On the next day maintenance furo- 
semide and digoxin were withheld until hemodynamic re- 
cordings were completed. At approximately 0800 hours, the 
patients underwent cannulation of a brachial artery for 
pressure recordings and plasma norepinephrine sampling, and 
the pulmonary artery with a triple-lumen Swan-Ganz catheter 
for pressure measurements. Pressure readings were made and 
arterial norepinephrine samples drawn 2 hours after insertion 
of the catheters, and were repeated 5 hours after the first dose 
of either placebo or 5 mg of enalapril. Pressure recordings were 
taken with transducers, held at the level of the midaxillary 
line, and a Mennen Response 10 Medical monitor with a Yo- 
kogawa E.W. photo-recorder. On completion of these baseline 
recordings the patients were discharged from the hospital and 
continued taking either enalapril, 5 mg twice daily, or a 
matching placebo, twice daily for 12 weeks, in a double-blind 
fashion. Therapy with furosemide and digoxin was continued. 

: Patients were followed at regular intervals as outpatients, and 

, repeat ambulatory 24-hour ECG recordings were made after 

: 4 weeks (as outpatients) and after 12 weeks (as inpatients). 
On the latter occasion the invasive protocol was repeated. 

Twenty-four-hour Holter tapes were printed onto paper 

using an Edwards Eliminator analyzer and each was read in 

' a blinded fashion by 2 independent observers. Ventricular 
tachycardia was defined as 3 or more premature ventricular 
complexes in succession. Plasma potassium and magnesium 
were measured by a SMAC II autoanalyzer, plasma digoxin 
by radioimmunoassay using kits from Diagnostic Products, 
and plasma norepinephrine by radioenzymatic assay.® 

The Wilcoxon matched-pairs signed-rank test was used to 
assess the statistical significance of change in the frequency 
of ectopic beats, in biochemical indexes, and in pressure 
readings within each of the 2 groups. Between-group com- 
parisons were made using the Mann-Whitney U test or a t test. 


Statistical significance was taken as p <0.05. Results are ex- 
pressed as mean x standard error of the mean. 


Results 


One patient taking placebo was withdrawn after 3 
weeks because of worsening heart failure, and 2 others 
(1 receiving placebo and 1 taking enalapril) died sud- 
denly between the 4- and 12-week recordings. The dose 
of digoxin was stable throughout, but furosemide was 
increased because of worsening heart failure in 2 pa- 
tients taking placebo and in 1 patient taking enalapril. 
Observer differences in ectopic counts on 24-hour 
Holter tapes were minimal (within 596) for all but 5 of 
the 55 recordings. An independent, blinded judge ar- 
bitrated for these 5 tapes. Despite randomization, there 
were minor differences between the 2 groups in some 
baseline measurements (Table I, Fig. 1). The difference 
in baseline plasma potassium levels between the groups 
(mean 0.29 mmol/liter; t = 1.809, df = 17, p 70.05), like 
the other indexes (Table I), failed to reach levels of 
statistical significance. 

Placebo administration was not associated with sig- 
nificant changes in ectopic activity, although the ten- 
dency was for increasing counts (Table I, Fig. 1). In 
contrast, those taking enalapril showed a reduced fre- 
quency of atrial and premature ventricular complexes 
at 4 and 12 weeks. Of the 9 taking enalapril who com- 
pleted the study, 8 had decreases in the number of 
premature ventricular complexes over 12 weeks (Fig. 
1); the decline was statistically significant between 
baseline and 12 weeks (t = 4, p «0.05) and also between 
4 and 12 weeks (t = 0, p <0.01). Premature ventricular 
complexes decreased by 80.5% on average over the 12 
weeks (range 68 to 10095) with the exception of 1 patient 
in whom an increase occurred. Likewise, the frequency 
of ventricular couplets decreased significantly over 12 
weeks (t = 4, p <0.05) and also between the 4- and 12- 
week recordings (t = 0, p = 0.01) (Table I). Episodes of 
ventricular tachycardia declined or remained un- 
changed in 8 of the 9 patients taking enalapril; no pa- 
tient had more than 1 episode during week 12 (Fig. 1). 
Atrial premature complexes decreased in frequency over 
the 12 weeks (Table I) but the change was not statisti- 
cally significant. Between-group analysis revealed sta- 
tistically significant changes in the subjects taking en- 
alapril compared with patients receiving placebo for 
premature ventricular complexes (U = 9, g «0.02 oer 
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D? weeks), for ventricular couplets (U = 11.5, p «0.065. 
over 12 weeks), and for ventricular tachycardia (U = 19, 
. p<0.05 over 4 weeks only), but not for atrial premature 
complexes (U = 20, p = not significant). 

Plasma potassium levels increased. in patients re- 
ceiving enalapril by an average of 0.33 mmol/liter over 
. 12 weeks (p <0.05) (Fig. 1), whereas no change was seen 
in the placebo group. Digoxin levels (drawn approxi- 
mately 12 hours after the last dose of digoxin) declined 
. Slightly during enalapril therapy but increased signifi- 
cantly in those receiving placebo (from 1.04 + 0.18 
nmol/liter to 1.25 + 0.25 nmol/liter, p <0.05) (Fig. 1). 
Plasma magnesium concentrations were normal in both 
groups and remained steady throughout. Baseline ar- 
terial norepinephrine levels were similar in the 2 groups 
(620 + 126 pg/ml in patients taking enalapril, 613 + 139 
` pg/ml in patients taking placebo) and declined slightly 
' over the 12 weeks in both the subjects taking enalapril 

. (495 + 101 pg/ml) and those taking placebo (451 + 84 
pg/ml). Hemodynamic measurements improved in pa- 
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FIGURE 1. Ventricular premature beats (V.P.B.) and ventricular 
tachycardia are shown on a log scale for individual patients. Closed 
symbols represent those who completed only 4 of the 12-week study. 
.Plasma blochemistry and mean pulmonary artery wedge pressures at 
rest are given as mean + standard error of the mean. * p «0.05 com- 
- parisg baselinegand week 12 results within each group. 


tients taking enalapril but not in those receiving. pla- 


‘cebo. Mean pulmonary artery wedge pressures de- 


creased in those taking enalapril (Fig. 1), as did mean 
pulmonary artery pressure (from 33.1 + 3.8 mm Hg 


before randomization to 23.2 + 1.9 mm Hg after 12° 


weeks, p <0.05) and mean right atrial pressure (from 9.9 
+ 1.8 mm Hg to 7.1 + 1.4 mm Hg, p <0.05). The placebo 


: group showed no change in the recordings over 12 weeks 


for wedge pressure (Fig. 1), mean pulmonary artery or 
mean right atrial pressures. Arterial pressure declined 
in both groups over 12 weeks, more so in those taking 
enalapril (differences not statistically significant). 
Neither absolute nor proportional change in the fre- 
quency of ectopic beats over 12 weeks could be related 
significantly to concomitant alterations in any of the 
aforementioned electrolyte, norepinephrine or hemo- 


' dynamic measurements in either group using the 


Spearman rank correlation coefficient. 


Discussion 


CHF is a common disorder.L?? Its prevalence in 
Western society will probably increase because of an 
increasing geriatric population and, in some countries, 
a declining mortality from ischemic heart disease.11-1? 
The outlook for patients with CHF is bleak. The 1-year 
mortality rate in severe cases is approximately 30 to 
5095.55 A high percentage of deaths are sudden?-96 and 
most likely due to ventricular arrhythmias. Whereas 
digoxin and diuretic drugs have the potential to exac- 
erbate cardiac irritability, the effect of other treatment 
methods-has received limited attention. ACE inhibitors 


are associated with sustained clinical and hemodynamic 


improvements in many patients,!* although it is not 
known whether they increase longevity. The Glasgow 
group reported that captopril decreased the frequency 
of ventricular extrasystoles, couplets and tachycardia.15 
Also, captopril has been shown to reduce the tendency 
toward reperfusion ventricular fibrillation in the iso- 
lated rat heart.16 

We now report that the second ACE inhibitor, ena- 


lapril, reduces cardiac arrhythmias. We observed a re- 


duction in the frequency of ventricular ectopic 
complexes, ventricular couplets and ventricular 
tachycardia, and a trend in atrial ectopic complexes to 


decline. These results are similar to those reported in 


the earlier study that used captopril.!® 
Some possible mechanisms of this diminution in 


cardiac irritability are as follows. First, the ACE in- ` 


hibitors often induce a positive cumulative potassium 
balance and an increase in plasma potassium,}5.17,18 
which might lessen the tendency toward arrhythmia in 


diuretic-treated patients.!? However, we found no sta- - 


tistical association between concurrent changes in ec- 


topic frequency and plasma potassium. Second, we . 
cannot exclude the possibility that the minor decrease 


in plasma digoxin levels in patients taking enalapril 


lessened the tendency for arrhythmias to occur; how- 


ever, we found no statistical support for this. Third, 


hemodynamic improvement was seen with enalapril 
treatment and may have resulted in an improved bal- . 


ance of oxygen supply to the myocardium vs demand,” 
thereby reducing the tendency for arrhythmias to occur. 


. Fourth, ACE inhibitors have been reported to lower 
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plasma norepinephrine levels, at least in the short-term 
period.?!:22 Tf this were to reflect a decline in sympa- 
thetic outflow, especially to the heart, myocardial irri- 
tability might well diminish. On the contrary, we ob- 


eserved minor reductions in arterial norepinephrine 


levels in both the enalapril and placebo groups. Because 


peripheral plasma norepinephrine levels are almost . 


certainly a poor index of sympathetic outflow to the 
heart,” our negative data by no means exclude a role of 
the sympathetic nervous system in determining the 
decrease in ectopic frequency. Finally, changes in cir- 
culating hormone levels as a consequence of ACE inhi- 
bition may have a direct bearing on the tendency for 
cardiac arrhythmias to occur. Since, under experimental 
conditions, aldosterone can provoke ectopic rhythms,”4 
and angiotensin II is toxic to the myocardium” and may 
contribute to coronary vasomotor regulation,2° ACE 
inhibitors might reduce the frequency of arrhythmias 
by lowering the levels of these hormones. 

Whatever the mechanism, we have shown that ena- 
lapril, like captopril,!? reduces myocardial irritability 
in patients with CHF. Whether this lessens the risk of 
sudden death is not known. 
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A Symposium: Experimental and Clinical Aspects of Coronary Vasoconstriction 


Introduction 


EUGENE BRAUNWALD, MD 


Only a decade ago our concepts of the pathophysiology 
of myocardial ischemia were simple and straightfor- 
ward. Ischemia was thought to be caused in almost all 
instances by increased myocardial oxygen demands in 
the face of limited oxygen delivery caused by fixed, firm 
and sometimes calcified atheromatous plaques, which 
reduced the lumina of the major epicardial coronary 
arteries. Although the entity of Prinzmetal’s variant 
angina was well recognized, as was its mechanism (i.e., 
severe spasm of a major coronary artery), dynamic ob- 
struction to coronary blood flow was considered to be 
uncommon and limited largely to patients with this 
syndrome. 

It is gratifying to note how much we have learned 
about the regulation of the diseased coronary circulation 
in the relatively brief span of 10 years. To review this 
important new information, I had the privilege of or- 
ganizing and chairing a symposium on this subject, 
which preceded the scientific sessions of the American 
Heart Association meeting in Miami Beach, Florida, on 
November 10, 1984. The papers presented at this sym- 
posium by some of the leading workers in this field 
constitute this supplement to The American Journal 
of Cardiology. 

In the opening article of the symposium supplement, 
Epstein and associates point out that even in the pres- 
ence of a fixed anatomic stenosis, coronary resistance 
may be quite variable because increased flow across the 
obstruction reduces the pressure downstream and can 
lead to a *coronary steal" phenomenon. These investi- 
gators also stress that alterations in coronary vascular 
resistance can occur not only in the epicardial coronary 
arteries (so-called R;) but also in the intramyocardial 
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vessels and arterioles (so-called R2); changes in Re are : 
often reciprocal to those in R;. Epstein et al indicate | 
that in patients with coronary atherosclerosis, exer- 
cise-induced angina may be caused not only by an in- 
creased demand for oxygen but also by dynamic ob- 
struction of the large coronary vessels. This, in turn, can 
be secondary to exercise-induced vasoconstriction or 
to passive collapse of the arteries due to a reduction of 
intraluminal pressure or to both. They conclude by 
summarizing their studies on an interesting group of 
patients with pacing-induced ischemia who have no nal. 
epicardial arteries and in whom the limited vasodilatc r 
reserve appears to be in the intramyocardial (Rg) 
bed. zr 


For many years coronary vasoconstriction had been 
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2E * A SYMPOSIUM: EXPERIMENTAL AND CLINICAL ASPECTS OF CORONARY VASOCONSTRICTION 


'onsidered to be mediated by the adrenergic nervous 
iystem or by an imbalance between vasoconstrictor 
thromboxane Av) and vasodilator (prostacyclin) me- 
abolites of arachidonic acid. The failure of both a- 
idrenergic blockers and low doses of cyclooxygenase 
nhibitors to abolish or even reduce substantially the 
requency of episodes of coronary spasm in patients 
vith Prinzmetal’s angina has thrown this simple hy- 
'othesis into serious question. Ganz and Alexander 
eview an alternative and, in my view, most important 
oncept: namely, that the augmented vascular respon- 
iveness underlying coronary vasospasm is related to the 
nderlying atherosclerotic process. According to this 
ormulation, endothelial injury may be not only the key 
vent in the genesis of atherosclerosis but may also 
ause an increase in coronary vascular tone or frank 
yasm, because normal vascular endothelium produces 
ad releases a potent nonprostaglandin vascular dilating 
ictor. Specifically, endothelial injury appears to con- 
ert the vasodilator action of acetylcholine into a 
asoconstrictor effect. Other possible mechanisms of 
onary vasoconstriction, including mitogenic factors, 
ukotrienes, increase in the density of histamine and 
‘rotonin receptors on vascular smooth muscle cells and 
?»ovascularization of atherosclerotic plaques, are all 
msidered. Although a single mechanism responsible 
r all instances of abnormal coronary vasoconstriction 
is not been identified (and may never be, because it 
likely to be multifactorial), it is now generally agreed 
at coronary vasoconstriction usually occurs in close 
iatomic proximity to atherosclerotic lesions, and this 
lation between dynamic and fixed obstruction appears 
be causal rather than coincidental. In any event, there 
substantial evidence that fixed obstruction and dy- 
mic obstruction are intimately associated with one 
other, both anatomically and pathogenetically—and 
rhaps successful therapy of the former may amelio- 
;e the latter. 
In the third article, Vatner reviews important aspects 
the control of the coronary circulation based on his 
gant studies in normal, conscious, instrumented dogs. 
addition to measurements of coronary blood flow and 
ravascular pressure, which allow the calculation of 
tantaneous coronary vascular resistance, important 
ormation has been obtained with the use of chroni- 
ly implanted ultrasonic crystals that provide con- 
uous, direct measurements of the diameter of epi- 
dial coronary arteries. In addition to demonstrating 
importance of adrenergic innervation of the coro- 
y vessels in the normal dog, Vatner also found that 
cium-channel antagonists, nitroglycerin and brief 
iods of ischemia all cause dilation of the large coro- 
y arteries while a-adrenergic agonists cause coronary 
striction. Clearly, the epicardial coronary arteries 
y no longer be considered to be largely passive con- 
ts; rather, they are active structures that respond 
»rously to a variety of physiologic and pharmacologic 
nuli. 
'rown's studies, utilizing computer-assisted methods 
arteriography to measure the lumina of coronary 
iels, complement Vatner's investigations and extend 


them to patients with coronary atherosclerosis. Brown 
reminds us that because most coronary atherosclerotic 
lesions are eccentric, a substantial fraction of the cir- 
cumference of the diseased vessel is still made up of 
normal arterial wall and, in the face of a severe eccentric 
obstruction, even very small changes in caliber produced 
by contraction of the vascular smooth muscle in the 
normal portion of the wall can cause marked variations 
in resistance. Brown demonstrates that nitroglycerin 
dilates not only normal epicardial arteries but also 


stenotic segments, while handgrip exerts the opposite 


effect. In contrast to Vatner's observations in normal 
dogs, Brown found that calcium-channel antagonists 
do not cause substantial dilation of large vessels in pa- 
tients, but rather that they are capable of preventing 
constriction of diseased coronary segments induced 
by a-adrenergic and serotonergic coronary receptor 


stimulation. 


The clinical work of Maseri, Chierchia and their 
colleagues, first in Pisa and more recently in London, 
has contributed importantly to our understanding of 
the mechanism of ischemia in the clinical expression of 
coronary artery disease. They have emphasized that 


dynamic factors, i.e., coronary vasoconstriction, may be 
of substantial importance in causing an imbalance be- 
tween oxygen supply and demand. Their important 
contribution to this symposium is the clinical definition 
of the syndrome of mixed angina. Probably the majority 
of patients with angina pectoris have this form, which 
is characterized by the combination of a predictable, 
absolute ceiling of activity that cannot be exceeded and 
a variable ceiling in which angina occurs unpredictably 
at levels of activity that are ordinarily well tolerated. 
The therapeutic implications of this formulation are 
profound. In patients with mixed angina the presence 
of a low absolute ceiling of exercise suggests that ĝ- 
adrenergic blockade may be the medical treatment of 
choice, and if this is unsuccessful, myocardial revascu- 
larization may be indicated. On the other hand, patients 
with a high absolute ceiling who have many super- 
imposed episodes of angina at levels of activity well 
below this ceiling are likely to be helped by coronary 
vasodilators. 

One of the most important recent clinical discoveries 
is that angina pectoris may be just the tip of the iceberg 
as an indicator of the presence of myocardial ischemia. 
It is now widely appreciated that most patients with 
chronic, stable, exertion-induced angina have many 
more episodes of asymptomatic ischemia characterized 
by transient ST-segment depression than they have of 
symptomatic ischemia. In the concluding article, Shea 
and associates describe the use of positron emission 
tomography (PET) in the assessment of regional myo- 
cardial perfusion. They make the provocative obser- 
vation that episodes of ischemia, as reflected in elec- 
trocardiographic ST-segment deviations, are associated 
with reductions in regional myocardial perfusion, as 
assessed by PET, regardless of whether they were as- 
sociated with symptomatic angina. There are 2 impor- 
tant conclusions from this work. First, most episodes of 
myocardial ischemia are silent and occur at levels of 
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activity well below the absolute ceiling for any given 
patient. Second, these episodes of asymptomatic 
ischemia are frequently characterized by reductions in 
perfusion of myocardium in the distribution of a 
* stenotic coronary artery. Thus, it appears that most 
episodes of myocardial ischemia are not caused merely 
by an increase in oxygen demand in the face of a fixed 
supply. 

The 6 articles in this supplement demonstrate how 
radically the foundations of our understanding of the 
pathophysiology of coronary artery disease have been 
altered in the last few years. Indeed, we have come al- 
most full circle. Most episodes of myocardial ischemia 


now appear to be asymptomatic, rather than symp- 
tomatic; the major coronary vessels, particularly near 


atherosclerotic plaques, frequently exhibit dynamic: 


changes in resistance which appear to be responsible for 
precipitating many episodes of ischemia. As a conse- 
quence of this important new information, the clinical 
approach to the patient with chronic coronary disease 


is changing rapidly and profoundly. Hopefully, the - 


studies described herein will stimulate additional re- 


search that will further improve our understanding and ~ 


management of what still remains by far the most im- 
portant form of heart disease in the industrialized — 


world. 























= -- p- eT see TEC 
FFT VET Sa Ee I Ne a ae Tor waa 
d . E b J HH. ~ | 


Hemodynamic Principles in the Control 
of Coronary Blood Flow 


STEPHEN E. EPSTEIN, MD, RICHARD O. CANNON Ill, MD, 
and THOMAS L. TALBOT, MME 


1e effects of atherosclerotic epicardial stenoses 
! coronary vascular resistance can be understood 
terms of basic principles of fluid mechanics. Re- 
stance is directly related to the pressure drop 
‘ross the stenosis and inversely related to flow. 


ren with a fixed anatomic stenosis, however, re- _ 


stance is not fixed; it increases as flow across the 
enosis increases. This exacerbates the pressure 
op across the stenosis that develops as a result 
flow; at high flows, large pressure drops can 
cur. This characteristic of flow through stenotic 
sions can contribute to a “steal” phenomenon 
tween either epicardial or intramural coronary 


ie normal coronary system can be thought of, in 
aplified terms, as consisting of large epicardial vessels 
it normally offer little intrinsic resistance to myo- 
dial flow (R; in Figure 1) and intramyocardial arter- 
and arterioles (Rg in Figure 1) that, because of their 
all diameter, are the major source of coronary vas- 
ar resistance. Because of their well-developed media, 
yy have the capacity to alter profoundly the resistance 
coronary blood flow. R, and Ro» are in series, and 
1ce the total resistance of the coronary circuit is ex- 
'ssed as the algebraic sum of R; and Rə. Because the 
istance to myocardial flow offered by the arterioles 
) is substantially greater than that of the epicardial 
sels (R;), R4 vessels can be largely ignored. Thus, 
ocardial blood flow is inversely related to arteriolar 
istance and directly related to the coronary driving 
ssure. The influence of arteriolar resistance and 
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arteries. Studies have also shown the clinical im- 
portance and influence of dynamic alterations in 
coronary resistance, occurring either at the large or 
small vessel level. In addition, compressive forces 
exerted by the myocardium or by elevated intra- 
ventricular pressures can increase coronary vas- 
cular resistance, and thus interfere with myocardial 
perfusion. All of these factors must be considered 
in order to obtain a comprehensive understanding 
of the mechanisms leading to myocardial ischemia 
and, therefore, to the clinical syndrome of angina 
pectoris. 

(Am J Cardiol 1985;56:4E-10E) 


driving pressure on myocardial flow can be defined by 
the equation*: 


Q = AP/Ro, 


where Q is blood flow, AP is the driving pressure across 
the coronary bed and R; is the coronary arteriolar 
resistance. 


Coronary Flow Reserve 


The arterioles dynamically alter their intrinsic tone 
in response to the demands of the myocardium for 
oxygen. As a result of this autoregulatory system, 
myocardial oxygen delivery and myocardial oxygen 





* Use of this and most subsequent equations assumes steady, fully 
developed laminar flow through a rigid tubular system, conducting a 
fluid of constant density and viscosity. Further, lesions are treated as 
axially symmetric reductions in luminal diameter and the associated 
end effects are neglected. Although calculations based on these sim- 
plifications are obviously subject to error when applied to a system as 
complex as the circulatory system, the simplifications are used only 
to derive concepts of the general magnitude of the changes in flow that 
occur with narrowing of the cross-sectional area, and therefore resis- 
tance, of a given coronary vessel. 
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demand are tightly coupled; when myocardial oxygen 
demands increase, the resistance vessels dilate and 
thereby permit myocardial flow to increase in propor- 
tion to the increased oxygen demands. 


Influence of Coronary Stenosis 
on Coronary Flow Reserve 


As an atherosclerotic lesion causes luminal narrowing 
of a large epicardial artery, this originally low resistance 
vessel is transformed into one that now offers sub- 
stantial resistance to flow. Because autoregulatory in- 
fluences alter arteriolar resistance in such a way as to 
maintain the appropriate relation between myocardial 
flow and myocardial oxygen demands, an increase in Ry 
can be offset, to a point, by a decrease in Ro. However, 
the resistance of the large vessel lesion becomes flow- 
limiting once the ceiling of the vasodilator reserve ca- 
pacity of the arterioles is reached. Once vasodilator re- 
serve has been exhausted, flow can no longer increase 
(unless the driving pressure across the coronary bed 
increases). Hence, the capacity for flow to increase 
during exercise is compromised, and myocardial 
ischemia results when the critical level of myocardial 
oxygen demand that cannot be met by increases in 
oxygen delivery is exceeded. Resting flow decreases and 
angina at rest occurs when further increases in Ry 
occur. 

This series of events is depicted diagrammatically in 
Figure 2. The curves were derived using the linear 
equation: 

AP 
oT Rite 
1 2 
with the assumption that as Ri (epicardial resistance) 
increases, Rs (arteriolar resistance) decreases to main- 
tain constant flow. The shape and inflection point of the 


flow curve, using this linear model of flow, differ from 
the shape and inflection point of experimentally derived 





FIGURE 1. Diagrammatic representation of a coronary artery. R4 sig- 
nifies resistance to flow caused by large conductance vessels and R2 
represents resistance to flow caused by small resistance vessels or 
arterioles. P = driving pressure across the coronary bed. Reprinted with 
permission from Am J Cardiol." 
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curves, as depicted in Figure 3. It has been determined. E 
that complex interactions within the stenosis and : 
poststenotic vessel lumen occur as flow changes, thereby  ' 


obviating the linear model and introducing second- and | 


Q (ml/min) 


0 0 
0 10 20 30 40 50 60 70 80 90 100 
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% STENOSIS 2 
FIGURE 2. Influence of degree of stenosis on autoregulatory mecha- 





nisms that maintain appropriate levels of myocardial oxygen deliver) | 
As epicardial coronary resistance (R4) increases because of increased 
stenosis severity, arteriolar resistance (R2) decreases, thereby mair 
taining total resistance (and thus flow) at normal levels. Once vasodilator - 
reserve of Rz is exhausted, however, further increases in R: lead to 

decreases in flow. (See text for details.) OM 
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FIGURE 3. Influence of percentage of diameter narrowing of an epi- | 
cardial coronary artery on coronary flow under baseline conditions. 
(dashed line), and in response to a vasodilator stimulus (solid line). The: 
appropriate coronary flow response is limited by less severe stenoses” 
during vasodilator stimulus than those that interfere with baseline flow. 
Flows are expressed as multiples of control resting mean values befc re. 
application of vasodilator stimulus. The shaded area represents the 
range of values measured in individual dogs. r = correlation coefficie t 
DEV = mean square of deviations. Reprinted with permission from Am — 
J Cardiol.? 
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‘hird-order effects, as demonstrated by the shape of the 
'urves in Figure 3, and the third-order polynomial 
quations that best fit the curves. 

“Ischemia occurs under baseline conditions only when 
here is relatively severe stenosis of the epicardial vessel; 
is depicted in Figure 3, baseline flow (dashed line) does 
iot decrease until there is 80 to 85% narrowing of the 
'essel diameter (assuming a normal epicardial vessel to 
ie between 3 and 4 mm). However, the large flows re- 
\uired following potent vasodilator stimuli (such as 
xercise or the infusion of vasodilator agents) will not 
e attainable when much less severe epicardial coronary 
tenoses are present. For example, in the presence of a 
lameter narrowing of 50 to 60%, baseline flow is 
1aintained as a result of the arterioles dilating to pre- 
erve normal levels of total coronary resistance. This 
tilizes part of the vasodilator reserve; hence, the ap- 
ropriate coronary flow response to an exercise load that 
'quires an increase in coronary flow of 3- to 4-fold 
mnot be attained (solid line, Fig. 3). With more intense 
cercise, even less severe stenoses will result in an in- 
lequate flow response. 

The flow responses to exercise and the development 

‘exercise-induced angina are shown in Figure 4. As 

‘ercise intensity increases, the arterioles dilate and 

sistance to flow decreases; myocardial blood flow in- 

eases appropriately so that there is no flow deficit or 

:hemia. When an epicardial vessel is significantly 

rowed, the arterioles dilate to maintain baseline 

ronary resistance at normal levels; they have, there- 
re, impinged on their vasodilator reserve, and even low 


- 





Flow Deficit 
æ Ischemia 


4 Exercise ———> 
and 
4 Myocardial O, 
Demands 


JRE 4. Diagrammatic representation of the relation between 
cardial oxygen demand and myocardial oxygen supply. In a normal 
on, myocardial blood flow (MBF) increases in proportion to the 
tase in myocardial oxygen demand. In a patient (Pt) with a fixed 
uction (R4 in Figure 1) due to coronary artery disease (CAD), flow 
ases in response to increased oxygen demand until the ceiling for 
iolar dilatation (Ro in Figure 1) is reached. At this time, flow can 
nger increase despite the continued increase in myocardial oxygen 
ind. A flow deficit results, thereby leading to myocardial ischemia 
ingina pectoris. Reprinted with permission from Am J Cardiol. 17 


levels of exercise exhaust the remaining reserve. Further 
increments in exercise intensity can no longer be ac- 
companied by further decreases in coronary resistance, 
and no further increments in flow can occur. This results 
in a flow deficit, causing myocardial ischemia. 


Influence of Stenoses on Coronary Resistance 


The magnitude of the effects of different degrees of 
coronary stenosis on coronary resistance can be appre- 
ciated by considering some simplified hydrodynamic 
principles. For example, Poiseuille’s law states: 

ar* AP 
= — X —) 
Q 8u L 
where Q is flow, r is the radius of the vessel, u is the 
viscosity of blood, AP is the driving pressure across the 
coronary bed and L is the length of the vessel or ob- 
structing lesion. Because 


R = AP/Q, 
then 
R = SHE _ 8(0.04) x 16 XL _ 1.08 XL 
^om v D4 De. 


where R is resistance to flow and D is the diameter of the 
vessel. Thus, resistance to flow is directly proportional 
to the length of the lesion or vessel but, most impor- 
tantly, is inversely proportional to the fourth power of 
the vessel diameter. 

This is best illustrated by the graphic representation 
of this equation (Fig. 5), which ignores the potential 
impact that compensatory changes in R2 would exert 
on total coronary resistance. In the normal situation, the 
epicardial coronary artery, with a diameter averaging 
about 3 mm, offers little resistance to blood flow; the 
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FIGURE 5. Relation between coronary artery diameter (DIA) and re- 
sistance (RES) to flow. Obstructive lesions of different lengths are de- 
picted by the 4 different curves; as length of the lesion increases, the 
resistance to flow increases at any given vessel diameter. However, 
because resistance is proportional to the fourth power of vessel di- 
ameter, vessel diameter is the preponderant influence on resistance 
to flow. Reprinted with permission from Am J Cardiol. '7 
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associated with marked diminution in great cardiac vein 
flow ahd increase in calculated resistance. Patients who 
developed chest pain in response to pacing also exhib- 
“ited abnormalities of lactate metabolism, left ventric- 
ular end- diastolic pressure and left ventricular systolic 
function. 18-20 These findings further substantiated the 
conclusion that the chest pain experienced by these 
patients, in whom small or no increases in coronary flow 


occurred during pacing, was indeed due to myocardial: 


ischemia. The fact that the diameter of the large coro- 
nary arteries was essentially unaltered with pacing and 
during vasoconstrictor maneuvers indicates that the site 
that limited vasodilator reserve (or that actually con- 
stricted) was located in coronary arteries too small to 
be imaged angiographically. Hence, abnormalities at the 
level of small coronary arteries can contribute to the 
precipitation of myocardial ischemia, either by dy- 
namically i increasing coronary resistance in response to 
vasoconstrictor influences, or by restricting vasodilator 
reserve and thus the potential to augment flow. These 
abnormalities would predispose to the development of 
ischemia during interventions or activities that increase 
myocardial oxygen requirements. 

Myocardial compressive forces: Abnormal flow 
reserve of small coronary arteries can be due to vaso- 
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during Infusion of ergonovine (0.15 mg Intravenously). Reprinted with 
permission from Am J Cardlol. 19 


constrictor influences or to primary disease of the small 
coronary arteries. However, it is also possible that in- 
adequate vasodilator reserve of the small coronary ar- 
teries can be due to abnormal myocardial compressive 
forces. Thus, a primary abnormality in myocardial re- 
laxation leading to a retardation in the rate of diastolic 
relaxation, or the presence of increased left ventricular 
filling pressure due to decreased compliance (owing to 
ischemia or certain cardiomyopathic processes), might 
increase myocardial wall tension during diastole and 
thereby interfere with coronary flow.*! 

In summary, the normal adaptive mechanisms closely 
regulate coronary blood flow so that myocardial oxygen 
delivery is tightly coupled to myocardial oxygen de- 
mand. Fixed stenoses of the epicardial coronary vessels, 
or dynamic changes in coronary resistance that occur 
either at the epicardial or small vessel level, interfere 
with these normal adaptive responses. The mechanisms 
responsible for dynamic alterations in coronary resis- 
tance are complex, but must be considered if a com- 
prehensive understanding of the factors leading to 
myocardial ischemia and angina pectoris is to be 
achieved. 
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` Another potential mechanism that could explain 
variable threshold angina has been suggested. It was 
hypothesized that subtle vasoconstrictor influences 
playing on the large coronary arteries episodically 
e caused clinically significant alterations in coronary 
vascular resistance.!” Such alterations in coronary tone, 
although not necessarily producing such profound 
coronary vasoconstriction that angina at rest would be 
precipitated, could be severe enough to interfere with 
the normal augmentation in flow that occurs with ex- 
ercise (Fig. 10). Thus, the concept of coronary spasm 
was broadened—at one end of the spectrum, spasm is 
so severe that it causes total or near total coronary ob- 
struction resulting in angina at rest; at an intermediate 
point of the spectrum, vasoconstriction is moderate, 
leading to angina induced by low-level exercise; at the 
other end of the spectrum, coronary tone might actually 
diminish, with the resulting vasodilatation leading to 
minimal impairment in exercise capacity. The influence 
of such small changes in large vessel coronary diameter 
on resistance to flow, especially in the presence of a 
stenotic lesion, has been previously discussed and is il- 
lustrated by the concepts depicted in Figure 5. 
Constriction of small coronary arteries and de- 
creased vasodilator reserve: Changes in vasocon- 
strictor influences playing upon the large epicardial 
coronary vessels undoubtedly account on occasion for 
the varying thresholds of exertional angina seen in many 
patients with coronary artery disease. However, we have 
observed many patients with variable threshold angina 
in whom the large coronary vessels were normal and did 
not develop spasm in response to ergonovine or cold 
pressor testing. This prompted us to measure regional 
coronary blood flow and resistance to determine 
whether the pain experienced by these patients might 
| sf 
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FIGURE 9. Diagrammatic representation of vessel collapse when 
myocardial flow Increases. Under baseline conditions, fiow across the 
stenosis Is modest and a large pressure gradient doss not devetop. With 
a vasodilator intervention, pressure gradient across the stenosis in- 
creases. The resulting fall in intraluminal pressure may lead to collapse 
of the vessel, thereby increasing the degree of stenosis. 
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be due tó constriction of coronary vessels too small to 
be imaged by angiography.15:1? 

We selected patients who had many of the compo- 
nents suggestive of classic angina, except that there was * 
considerable variability relating to the intensity of 
exertion that brought on the pain, and most patients 
also experienced pain at rest. To exclude classic 
Prinzmetal's angina, we eliminated all patients exhib- 
iting ST-segment elevations when electrocardiograms 
were obtained during episodes of pain. Patients with 
significant large vessel disease were specifically ex- 
cluded to avoid the inaccuracies inherent in measuring 
small changes in the caliber of stenotic vessels, which 
despite even small magnitudes of change, could lead 
to major alterations in coronary vascular resistance 
(Fig. 5). 

Great cardiac vein flow, reflecting flow through the 
left anterior descending coronary artery, was measured 
by a thermodilution catheter introduced into the cor- 
onary sinus and advanced to the great cardiac vein. Flow 
was determined under baseline conditions and during 
pacing to increase myocardial oxygen demands; this was 
achieved by pacing through a coronary sinus catheter 
at an initial heart rate of 100 beats/min and increasing 
by 10 beats/min increments at 1-minute intervals up to 
a heart rate of 150 beats/min. The measurements at rest 
and with pacing were repeated during immersion of the 
hand in ice water (cold pressor testing) and during er- 
gonovine infusion. Arteriography of the left coronary 
artery was performed in 2 views 90? apart, for a quan- 
titative measurement of epicardial coronary artery 
caliber. | 

We found that persons without chest pain during 
pacing had large decreases in coronary resistance and 
concomitant increases in great cardiac vein flow (Fig. 
11). In contrast, these responses were markedly atten- 
uated in those patients in whom pain developed. Er- 
gonovine infusion resulted in the greatest number of 
abnormal responses. Some patients actually experi- 
enced pain at rest during ergonovine infusion that was 
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FIGURE 10. How a given atherosclerotic lesion can cause angina at 


rest, exercise-induced angina or no angina, depending on the underlying 
vasoconstrictor tone of the coronary vessel. 
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major resistance to flow occurs in the small arteries and 
arterioles. Because of the characteristics of the curve 
relating vascular resistance to vessel diameter, it be- 
comes clear why small changes in the diameter of a 
normal epicardial vessel will little alter resistance to 
flow, whereas small changes in vessels already narrowed 
by atherosclerotic lesions will lead to marked changes 
in resistance. Increasing the length of the lesion also 
increases resistance to flow, but because the relation of 
the length of the lesion to resistance is not exponential, 
and the relation to vessel diameter is, the impact of the 
length of a lesion on resistance is much less than the 
impact of the diameter of a lesion. 


Influence of Flow on Pressure Drop 
cross a Stenosls and on Stenosis Resistance 


One of the interesting aspects of atherosclerotic le- 
sions is that even in the presence of a fixed anatomic 
stenosis, resistance is not fixed.!-? Thus, pressure drops 
(energy losses) across a stenosis are caused by viscous 
losses (due to the friction that blood encounters as it 
passes through the stenosis) and by the abrupt expan- 
sion and resulting separation and turbulence of the flow 
stream as it emerges from the stenosis. This can be ex- 
pressed mathematically by the equation: 


AP = (F X Q) + (SX Q7, 


where F is a constant related to friction or viscous losses 
and S is a constant relating to losses due to separation 
or expansion (turbulence) of the flow stream. At low 
flows, such as those that occur at rest, losses due to 
viscous friction are predominant. At higher flows, 
however, as with exercise, energy losses due to turbu- 
lence are more important. As indicated in the equation, 
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' FIGURE 8. Relation between change In pressure gradient (AP) across 
. stenosis and change in flow. Curves are plotted for stenoses producing 
' 30, 60, 70, 80 and 8096 narrowing; the numbers in parentheses rep- 
resent luminal cross-sectional! area, calculated on the basis of a normal 

' vessel diameter of 3 mm. Tangents to the curves (R) represent stenosis 
! resistance. Flow-related changes in resistance occur without 
| in stenosis geometry. Reprinted with permission from Circ Res.?! 
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pressufe losses due to turbulence are related to the 
square of flow. Hence, the relation between pressure loss 
and flow is not linear but exponential. This is depicted 
in Figure 6, which demonstrates the relation betweeit 
the pressure drop across a stenosis and coronary flow: 
pressure drop increases in a curvilinear fashion with 
increasing flow. It can be appreciated from Figure 6 that 
because resistance to flow is the slope of the line relating 
pressure to flow, resistance actually increases as flow 
increases, despite the fact that there is no alteration in 
the anatomic severity of the stenosis. Thus, as flow in- 
creases so does resistance, and the influence of this 
change in flow on resistance is linear. This can be de- 
rived from the flow equations: 


AP = (F x Q) + (S X Q?) 


because 
AP-QXR 
then 
QxR=(F XQ)+(S X Q?) 
and dividing by Q: 


R=F+(S X Q). 


The increased pressure drop across a fixed stenosis 
that occurs with increased flow has important conse- 
quences. For example, Figure 7 depicts the influence of 
such a pressure drop on collateral flow. Figure 7B de- 
picts a situation in which 1 coronary artery is totally 
occluded, and the myocardium it has perfused is now 
supplied by collaterals fed by a coronary artery with a 
moderate stenosis. The arterioles of the collateral- 
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FIGURE 7. influence of a partial stenosis on the driving pressure at the 
origin of coronary collaterals. A depicts a totally occluded coronary 

whose perfusion bed is supplied by collaterals from a vessel 
without significant narrowing. B depicts the same situation, but the 
vessel supplying the collaterals has a stenotic lesion. Graph depicts 
the Influence of Increasing flow on the pressure drop across a stenotic 
lesion. A vasodilator stimulus decreases resistance to flow In the region 
that Is supplied by the normal or only partially stenotic vessel. Flow to 
this area Increases, but in the situation in which a partial stenosis of 
the vessel feeding the collaterals exists, the small pressure drop across 
the stenosis present under baseline conditions increases. If aortic 
pressure does not increase, then the driving pressure across the col- 
lateral bed decreases In B, but does not change appreciably In A. Hence, 
flow to the collateral dependent bed falls in B. 
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dependent bed are fully dilated by autoregalatory 
mechanisms, so that the total baseline resistance of this 
bed is normal and ischemia is prevented. However, the 
arterioles supplied by the moderately stenotic artery 
need only be minimally dilated to maintain baseline 
resistance at normal levels. Thus, the vasodilator reserve 
of this bed is preserved, and will exhibit a decrease in 
resistance in response to a vasodilator stimulus (such 
as exercise or the administration of a potent arteriolar 
dilator). The same vasodilator stimulus will produce 
little or no dilation in the collateral-fed arterioles, 
however, because they are already maximally dilated. 
The resulting net decrease in resistance will increase 
flow across the moderately stenotic lesion and, as is 
evident from Figure 6, the increase in flow will markedly 
increase the pressure drop across the stenosis. The 
pressure just distal to the stenosis (Po, Fig. 7B) will drop. 
Because this is the driving pressure for the collateral- 
dependent bed, and because resistance in that bed did 
not fall, then flow to the collateral-dependent bed will 
fall, thereby causing ischemia. Because resistance fell 
in the bed supplied directly by the moderately stenosed 
artery (and was the cause of the increase in flow), flow 
to this bed will increase. This is the classic example of 
a myocardial "steal." 

In Figure 7A there is no flow-limiting stenosis in the 
vessel feeding the collaterals. The lack of such a stenosis 
means that when a vasodilator stimulus is present, 
pressure at the head of the collaterals will not decrease; 
thus, flow to the potentially ischemic bed will be 
maintained. 

Figure 8 depicts a situation in which similar principles 
explain how an “endocardial steal” can occur. A stenosis 
is shown involving a vessel supplying the endocardium 
and the epicardium. Because myocardial oxygen de- 





FIGURE 8. Effects of a stenosis on endocardial and epicardial flow. 
Endocardial vessels are maximally dilated, whereas epicardial vessels 
are not. Any vasodilator stimulus will augment transmural flow owing 
to dilation of subepicardia! vessels. Increase in flow will cause a greater 
pressure drop across the stenosis. As long as the fall in resistance In 
subepicardial vessels is greater than the resulting fall in driving pressure, 
fiow will Increase in subepicardial region. However, because suben- 
docardia!l vessels are already maximally dilated, the fall in driving 
pressure will not be accompanied by a fall in resistance. Hance, flow 
to subendocardiai vessels will fall. 


mands on the endocardium are greater than those on the 
epicardium, the resistance vessels of the endocardium 
(Ra) are more dilated than those of the epicardium (Re). 
In this situation, a vasodilator stimulus will decrease Ra 
but will not alter R5, because its vasodilator reserve is 
already exhausted. This will result in a net decrease in 
transmural resistance and, therefore, an increase in flow; 
the increased flow, however, will be confined to the sub- 
epicardium, while the subendocardium will actually 
experience a decrease in flow. 'l'hese changes occur be- 
cause of the increased transmural flow, which causes an 
increased pressure drop across the stenosis, resulting 
in a lower driving pressure responsible for perfusing the 
subepicardial and subendocardial vessels. The decrease 
in Ro will permit subepicardial flow to increase, but 
because Rs did not fall, the decreased driving pressure 
will cause subendocardial flow to fall with resulting 
ischemia. 


Dynamic Coronary Obstructlon 


Studies over the past 10 years have unequivocally 
documented the important role of dynamic alterations 
in both large and small vessel coronary vascular resis- 
tance on altering coronary flow and coronary flow re- 
serve. These dynamic alterations in coronary vascular 
resistance have important clinical consequences. 

Large vessel spasm: The seminal work of Maseri 
and co-workers demonstrated that large vessel spasm 
can decrease flow in either “normal” or stenotic large 
coronary arteries, and thereby precipitate transient 
episodes of myocardial ischemia.!91! Although this 
mechanism offered one pathophysiologic explanation of 
angina at rest, it could not account for the frequent oc- 
currence of variable threshold angina—an experience 


many patients have; on some days or times of the day. 


they have excellent exercise capacity, whereas at other 
times, angina is precipitated at low levels of exercise. It 
was subsequently shown that angina occurring during 
exercise, particularly if associated with ST-segment 
elevation, was on occasion associated with exercise- 
induced narrowing of large coronary arteries.1^1? Ex. 
ercise-induced coronary artery narrowing can theoret- 
ically be caused either by active coronary vaso- 
constriction or by passive coronary collapse.9-9,14-16 
Figure 9 depicts a large coronary artery with moderate 
narrowing produced by a stenotic lesion. With exercise, 
the arterioles dilate, thereby increasing flow across the 
stenotic lesion (R1). As previously discussed, this in- 
creased flow will lead to an increased pressure drop, the 
magnitude of which relates to the severity of the stenosis 
and the magnitude of the increase in flow (Fig. 6). It is 
possible that the decrease in intraluminal pressure 
might predispose to collapse of the artery, thereby in- 
creasing the severity of stenosis and accounting for ex- 
ercise-induced large vessel “spasm.” Any intervention 
that directly leads to a fall in coronary perfusion pres- 
sure, as would occur with the administration of a vaso- 
dilator or following significant hemorrhage, might also 
lead to possible increases in stenotic resistance by this 
mechanism.5-9.14-16 Exercise-induced coronary con- 
striction or collapse undoubtedly explains some of the 
marked variations in exercise capacity experienced by 
many patients with angina. 
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Previous attempts to deflne the etiology of coronary 
artery spasm have focused on such mechanisms as 
autonomic nervous system dysfunction or enhanced 


platelet activation leading to high levels of circu- . 


lating vasoconstrictors. More recent evidence, 
however, suggests that the basic abnormality may 
be hypercontractllity of the arterial wall associated 


with the atherosclerotic process Itself. Results of — 


both animal experiments and clinical studles support 
a role for certain cellular events In atherogenesis, 


New Insights into the Cellular Mechanisms of Vasospasm 


PETER GANZ, MD, and R. WAYNE ALEXANDER, MD, PhD 


including endothelial Injury, presence of mitogenic 
factors and leukotrienes generated by platelets and 
macrophages, changes in histamine and serotonin 
receptor density of vascular smooth muscle and 
neovascularization of atherosclerotic plaque. The 
mechanisms postulated to underlie coronary vaso- 
spasm are discussed, relative to the clinical char- 
acteristics of vasospastic angina and the possible 
therapeutic implications. 

(Am J Cardiol 1985;56:11E-15E) 


| 
During the past decade our ability to diagnose and treat 
coronary vasospasm has improved substantially, yet 
relatively little progress has been made in determining 
its etiology. Clinical investigations of the underlying 
hanisms of vasospasm have consisted of a generally 
ui search for evidence that dysfunction of the auto- 
nomic nervous system or enhanced platelet activation 
might lead to excessive release of vasoconstrictor com- 
pounds into the coronary circulation. Alternatively, a 
deficiency of endogenous vasodilators that might ad- 
versely alter the tone of epicardial vessels has been 
postulated. The weight of the evidence to date suggests 
that vasospastic angina cannot be attributed primarily 
to an excess of the circulating or neurally released con- 
strictor agonists norepinephrine, thromboxane Ao 
and serotonin, or to a deficiency of the vasodilator 
prostacyclin. 1-6 
| | More recent efforts have focused on testing the hy- 
pothesis that the basic abnormality underlying vaso- 
spasm is intrinsic to the vessel wall and that the aug- 
mented vascular responsiveness can be related directly 
to the biology of the atherosclerotic process. This hy- 
pothesis is based on clinical observations that vasos- 
pastic angina almost invariably occurs in the setting of 
ronary atherosclerosis, although the degree of luminal 
arrowing varies widely. Even the patient with acute 
ischemic events who is found to have normal coronary 
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arteries on angiography may at autopsy have evidence 
of atherosclerosis in the segment of the vessel that 
caused ischemia.” 

Further support for a link between atherosclerosis 
and the hypercontractile response has come from ex- 
perimental models. Augmented contraction was noted 
in isolated aortas and coronary arteries from rabbits 
with atherosclerosis induced by a high-cholesterol diet 
or by selective inbreeding that resulted in hereditary 
hyperlipidemia®? (Fig. 1). The atherosclerotic vessels 
exhibited markedly enhanced sensitivity to ergonovine 
and serotonin as evidenced by a lower threshold for 
contraction and an augmented maximal! response (Fig. 
1). In miniature swine with atherosclerosis of the cir- 
cumflex coronary artery induced by a combination of 
a high-cholesterol diet and injury to the intima by bal- 
loon catheter, coronary spasm was demonstrated an- 
giographically when the animals were challenged with 
intravenous or intracoronary injections of histamine, 
which acted upon H; receptors.!? Although the ath- 
erosclerotic process resulted in only minor degrees of 
luminal narrowing, the superimposed focal spasm was 
of sufficient intensity to induce electrocardiographic 
evidence of transmural myocardial ischemia.!? Histo- 
logic examination showed that spasm was confined to 
areas of proliferative intimal lesions resembling early 
atherosclerosis. Augmented constriction has also been 
shown in atherosclerotic segments in response to sero- 
tonin in the hind limb conduit arteries of cynomolgus 
monkeys,!! to norepinephrine in the carotid arteries of 
rabbits!? and to ergonovine and serotonin in the coro- 
nary arteries of dogs.18 
~ Although animal models of atherosclerosis may not 
be directly analogous to human coronary artery disease, 
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the similarities with respect to ergonovine, serotonin 
and histamine hypersensitivity are intriguing, as is the 
possibility that the cellular events associated with 
proliferation of vascular smooth muscle in atheroscle- 
rotic plaque also play a role in altering such sensitivities. 
Although the clinical and experimental evidence to date 
. Strongly supports the concept that atherosclerosis may 
contribute to vascular hypersensitivity to constrictor 
agonists, consideration of the cellular mechanisms likely 
to be involved has been limited. Of the various cellular 
events thought to take place in the pathogenesis of 
` atherosclerosis, several may also be involved in the as- 
sociated vascular hypercontractility. 


Role of Endothellal Injury 


Recent studies have suggested that many vasodilators 
relax arteries indirectly by stimulating the release of a 
potent nonprostaglandin-relaxing factor from endo- 
thelial cells. Before the importance of endothelium in 
vasodilation was appreciated, an apparent paradox 
existed concerning the action of certain vasodilator 
compounds. Whereas acetylcholine administered in vivo 
was a potent vasodilator, isolated arteries treated with 
this substance in vitro usually exhibited contraction or 
lack of relaxation. This seemingly paradoxical effect was 
later accounted for by the work of Furchgott,!^ who 
noted that relaxation of vessel strips depended on the 
presence of endothelial cells. This suggested that earlier 
findings from in vitro studies were due to failure in 
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FIGURE 1. Concentration-response relations for ergonovine in aortic 
strips from control (O) and cholestero-fed (6) rabbits. Atherosclerotic 
arterles exhibited a hypersensitivity to ergonovine as evidenced by 
markedly depressed constrictor threshold concentration, lowered 
one-half effective dose (ED50) value and augmented maximal response. 
This Increased sensttivity appeared to be mediated predominantly by 
a serotonergic mechanism. Reprinted with permission from J Clin 
Invest. 
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preserving the endothelium (Fig. 2). It was soon found 
that the requirement for endothelial cells, in order for 
relaxation to occur in the presence of acetylcholine, 
applied to all isolated arteries from mammalian 
species.!4 These initial observations with acetylcholine 
have been extended to additional vasodilator agents, 
including substance P,!^ the purinergic neuro- 
transmitters ATP and ADP,18 histamine," serotonin, !? 
thrombin,? platelet activating factor," the calcium 
ionophore ÀA23187?! and, in certain vascular beds, 
bradykinin?? and vasoactive intestinal peptide.?? Such 
other agents as prostacyclin, adenosine, nitroprusside 
and nitroglycerin cause dilation by their direct action 
on vascular smooth muscle. 

Evidence that a humoral-relaxing factor i is produced 
by endothelial cells when they are stimulated by ace- 
tylcholine was recently demonstrated in perfused ves- 
sels in cascade.”4 Deendothelialized preconstricted 
coronary artery preparations provided a bioassay for 
acetylcholine-induced release of this endothelial-re- 
laxing factor from intact aortas. When the length of 
intervening tubing separating these 2 vessels was varied, 
it was surmised that this factor had a half-life of 6 sec- 


. onds, but its structure has not yet been determined. 


Because atherosclerosis is thought to be associated 
with endothelial injury or dysfunction, it is reasonable 


to postulate that atherosclerosis impairs endothe- 


lium-dependent vascular relaxation. Preliminary 
studies of isolated aortas from atherosclerotic rabbits 
have indeed shown attenuated relaxation in response 
to the endothelial-dependent dilator acetylcholine but 
not to nitroglycerin, which does not depend upon the 
endothelium for its effect.” The importance of impaired 
endothelial-dependent relaxation in human subjects 
with coronary atherosclerosis awaits further clarifica- 
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FIGURE 2. Relaxation by acetylcholine (ACh) of rings of rabbit thoracic 
aorta precontracted by norepinephrine (NE). Aortic rings were exposed 
to Increasing molar concentrations of ACh with endothellum either intact 
or removed by rubbing with a wooden appilcator stick. This represen- 
tative tracing shows loss of relaxation in response to ACh with removal 
of endothellum and appearance of miid constriction. Reprinted with 
permission from Circ Res. '4 
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tion. An impaired vasodilator mechanism could con- 
tribute to hypercontractility. 


Relation Between Blood-Formed Elements 
and Vasospasm 


Another major cellular event in the pathophysiology 
of atherosclerosis that has potential relevance to vaso- 
spasm i is the association between such blood-formed 
elements as platelets,26 monocytes, macrophages and 
mast cells*’-29 and the arterial wall at sites of intimal 
injury. If platelets adhere to the intimal surface acutely, 
they may release at least 2 potent vasoconstrictors, se- 
rotonin and thromboxane À;.303? The acute effects of 
platelet release on vessel tone have been well docu- 
mented experimentally, although the precise role in 
clinical vasospasm has not been defined. Pathologic 
studies of human coronary arteries have also shown 


dense infiltration of mast cells around atherosclerotic 


coronary arteries.?? Studies of patients dying from acute 
myocardial ischemia showed an increased density of 
mast cells, especially in the segment of the vessel re- 
sponsible for the acute coronary event.?* Mast cells are 
a rich source of the vasoactive agent histamine and of 
leukotrienes. Clinical studies have indicated that in- 
travenous administration of histamine can provoke 
co onary artery spasm in patients with variant angina; 
thus this substance should be included among those 
specific agents capable of inducing vasospasm. ` 


Iti is not likely, however, that acute effects of seroto- 


nin, histamine or thromboxane Ax could account for the 
chronic hypersensitivity to vasoconstrictors observed 
in ;vivo and in vitro. The chronic hypersensitivity of 
atherosclerotic vessels may be related to other aspects 
of | platelet or macrophage function. Platelets and 
macrophages are thought to play a fundamental role in 
atherosclerosis by releasing into the vessel wall mito- 
genic factors believed to be responsible for the prolif- 
eration of vascular smooth muscle cells, which is one of 
the hallmarks of this process. Gerrity2728 and co- 
workers”? have reported penetration of blood-borne 
monocytes into the aortic intima of hyperchloestero- 
lemic pigs and the subsequent transformation of these 
cells into foam cells in early atherosclerotic lesions. 
Recent investigations have revealed a new biologic 
function for 2 mitogenic growth factors, platelet-derived 
growth factor (PDGF) and epidermal growth factor 


| 

| 
FIQURE 3. Contraction of isolated rat 
aorta Induced by epidermal growth 
factor (EGF) or angiotensin il (ang-il). 
Helical strips of rat aorta were se- 
ly exposed to cumulative molar 
(M) concentrations of EGF or ang-ll. 
This representative tracing shows that 
tency of EQF, a vascular smooth 
muscle mitogen, is comparable to that 
of potent vasoconstrictor ang-ll. Re- 
printed with permission from J Clin 
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(EGF), which may relate to vasospasm. Both PDGF 
and EGF produced potent contractile responses in 
isolated rat aortas. Maximal force, developed in Ige. 
sponse to both EGF and PDGF, was approximately 40% 
of that observed with the potent vasoconstrictor an- 
giotensin II (Fig. 3). PDGF, EGF and angiotensin II all 
appeared to mediate contraction through changes in 
calcium flux, as assessed by calcium-45 efflux studies, 
as well as by measurements of free cytosolic calcium 
concentration using the fluorescent calcium-sensitive 
probe Quin-2. These results provide evidence that these 
mitogens are also vasoconstrictors and suggest that 
mitogenic stimulation of vascular smooth muscles in an 


_atherosclerotic plaque contributes to hypercontractility. 


Macrophages also produce leukotrienes, which are 
potent vasoconstrictors of coronary arteries in vivo and 
in vitro.3^38 Furthermore, it is of interest to note that 
leukotriene E4 (LTE4) was recently shown to increase 
the sensitivity of guinea pig tracheal smooth muscle to 
the constrictor effects of histamine.*? L'TE4 enhanced 
contractile response of guinea pig tracheal rings to 
histamine even after L'TE4 was washed off and smooth 
muscle tone had returned to baseline. Leukotrienes C4 
and D4 elicited the same magnitude of contraction as 
did LTE4 but did not sensitize smooth muscle to con- 
traction by histamine. These data suggest that changes 
in tone of vascular smooth muscle produced by platelets 
and mononuclear cells would come about over time in- 
tervals that are considerably longer than those associ- 
ated with release of the classic, relatively short-lived 
mediators thromboxane Ao, serotonin and histamine. 


Role of Receptor Density in Vasospasm 


Vascular hypersensitivity, specific to some but not 
all vasoconstrictor agenta, is a prominent feature of both 
animal models of vasospasm and diseased human cor- 
onary arteries. Because this specific hypersensitivity has 
been observed most commonly in response to histamine 
(Hı receptor) or to serotonin (Se receptor), it seems 
logical to examine whether it is related to the function 
of receptors for these agonists. Preliminary studies have 
suggested that the densities of both histamine H; re- 
ceptors*? and serotonin S2 receptors! are increased in 
atherosclerotic rabbit aorta after 8 to 10 weeks of a 
high-cholesterol diet. However, it is not clear from these 
reports whether the increased receptor density resulted 
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from atherosclerosis or solely from elevated serum 
cholesterol levels. Receptor density and agonist re- 
—sponsiveness in other tissues have been shown to be 
markedly affected by lipoprotein concentration and 
composition.*4* Moreover, when isolated dog coronary 
arteries were exposed to cholesterol in stable aqueous 
solution for as little as 1 hour, constrictor effects were 
enhanced in response to external calcium ions.** This 
suggests that cholesterol can also affect vascular re- 
 Sponsiveness directly by means of nonreceptor-me- 
diated mechanisms, perhaps by altering cell membrane 
fluidity.*946 


Vasa Vasorum and Vasospasm 


Recently, Barger et al^? were able to identify the vasa 
vasorum of coronary arteries in cinematographic studies 
after injecting silicone polymer into cleared human 
hearts. In coronary arteries free of atherosclerosis, vasa 
vasorum was rarely seen in the walls of injected arteries; 
in contrast, in areas of atherosclerotic injury, as evi- 
denced by intimal thickening or frank calcification, 
these investigators frequently noted neovascularization 
in the form of a dense plexus of microvessels. 

Histologic examination of tissue in the neovascular- 
ized region revealed that such microvessels typically 
extended from the adventitia through the media and 
into the thickened intima. It has been postulated that 
a rich microvasculature in areas of atherosclerotic 
plaque could lead to higher tissue concentrations of 
circulating vasoconstrictors compared with other parts 
of the vessel and could promote localized vasocon- 
striction.*’ It should be noted, however, that the im- 
portance of circulating vasoconstrictors to vasospasm 
is still uncertain in view of the potentially high local 
concentrations of constrictors related to mononuclear 
cell infiltration and platelet activation, as mentioned 
previously. 


Clinical Implications 


- The conceptual framework proposed to relate the 
biology of atherosclerosis to the phenomenon of arterial 
vasospasm must ultimately conform to available data 
concerning the clinical characteristics of patients with 
vasospastic angina. Vasospastic angina that is mani- 
fested as resting or variable-threshold angina tends to 
be episodic. Thus, chronic exertional angina may be- 
come unstable with the development of pain at rest, only 
to revert over time to a chronic, stable pattern.*® This 
episodic occurrence of vasospasm is consistent with 
angiographic evidence of stability in certain athero- 
sclerotic plaques in patients with a stable clinical course 
but a rapid proliferative response in others that leads 
to unstable angina.f?  - 

Several mechanisms were postulated to be the 
- underlying cause of vasospasm in this article, including 
endothelial injury leading to a lack of vasodilator 
function, hypercontractility of vascular smooth muscle 
due to the presence of vasoconstrictor mitogens and 
leukotrienes and high local concentrations of blood- 
borne vasoconstrictors in areas of neovascularized 
atherosclerotic plaques. The importance of each mech- 


anism will have to be tested both in experimental 
models and at the clinical level. 


We have recently begun to examine the role of en- 


dothelial vasodilator dysfunction in patients with cor- ` 


onary atherosclerosis. Acetylcholine, which is known to 
dilate all normal mammalian arteries tested to date!4 
by release of an endothelial dilating factor or factors, 
was a potent vasoconstrictor when it was infused sub- 
selectively into stenotic coronary arteries of 7 patients 
with angina pectoris (unpublished observations). Ni- 
troglycerin, which acts directly on the vascular smooth 
muscle, continued to dilate the same portions of the 
vessel, suggesting that the paradoxical response to 
acetylcholine is likely mediated by a dysfunction of 
endothelium. Further insights into mechanisms of 
vasospasm might come from the use of steroids and 
heparin, which have been shown to diminish neovas- 
cularization of tumors,9? and might also prove useful in 
checking the growth of vasa vasorum around athero- 
sclerotic plaques. In addition, agents that may interfere 
with intense mononuclear inflammatory response or 
platelet activation could offer potential means for 
controlling spasm. This multifactorial nature of vaso- 
spasm, if proven correct, would also justify the current 
use of relatively nonspecific vasodilator therapy, in- 
cluding calcium-channel antagonists or nitrates. 


Finally, we cannot exclude the possibility that certain - 


mechanisms that lead to hyperresponsiveness of ath- 
erosclerotic coronary arteries might also contribute to 
inappropriate vasoconstriction of resistance arterioles 
in patients with myocardial ischemia and normal epi- 
cardial arteries. Specifically, the vasodilator function 
of endothelium in resistance arterioles will need to be 
evaluated in this patient population and compared with 
normal controls. 
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Regulation of Coronary Resistance Vessels 
and Large Coronary Arteries 


There Is now considerable evidence for o-adren- 
ergic regulation of coronary resistance vessels and 
large coronary arterles based on studles of chroni- 
cally instrumented, conscious animals. Infusion of 
norepinephrine at low doses causes reduction of 
coronary blood flow with a slight increase In arterial 
pressure, Indicating intense coronary vasocon- 
striction. This coronary constrictor response was 
reversed to coronary vasodilation with Infusion of 
norepinephrine after a-adrenergic blockade. Stim- 
ulation of œ- and a2-adrenergic receptors with 
phenylephrine and B-HT 920, respectively, also in- 
creased calculated coronary vascular resistance in 
the conscious animal. These effects were eliminated 
by selective a,-adrenergic blockade with prazosin 
and by selective œ -adrenergic blockade with rau- 
wolscine. Stimulation of the carotid chemoreceptor 
reflex elicits a period of intense coronary vasocon- 
striction, characterized by a decrease in coronary 


blood flow despite increased arterial driving pres- 


sure. This response was eliminated by prior œ- 
adrenergic blockade or a combination of cardiac 


sympathetic denervation and adrenalectomy. Using - 


chronically implanted ultrasonic crystals to measure 
the epicardial coronary diameter instantaneously 


The regulation of the coronary circulation is extremely 
complex. While physical factors such as arterial driving 
pressure are important in the regulation of blood flow 
to all beds, the effects of myocardial compression during 


systole must also be considered in the regulation of 


coronary blood flow and vascular resistance. In addition, 
the coronary circulation is exquisitely sensitive to 
.changes in myocardial metabolic demands. These fac- 
tors are then modulated to an important extent by 
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and continuously in conscious dogs, marked vaso- 


dilation of the large coronary arteries was observed 
with administration of nitroglycerin or calcium- 
channel antagonists; In contrast, activation of a- 
adrenergic receptors with methoxamine Induced 
substantlal constriction, characterized by a reduc- 


- tion In coronary artery diameter In the face of ele- 


vated distending pressure. The regulation of large 
coronary arteries is further complicated by the fact 


that these vessels are responsive to changes In 


myocardial metabolic demands and coronary blood 
flow. This was demonstrated by examining re- 
sponses to brief periods of myocardial Ischemia, 


which Induced intense reactive dilation, l.e., dilation ` 
of the large coronary artery Immediately after the. 


reactive hyperemla response. The dilation of the 
large coronary artery was not observed after brief 
periods of myocardial Ischemia, when the marked 
increase In coronary blood flow (reactive hyper- 


emia) was prevented. These findings suggest that 


coronary artery vasconstriction may be. more In- 
tense under conditions in which blood flow cannot 


Increase, for example, in the presence of severe 


stenoses. 
(Am J Cardio! 1985;56:16E-22E) 


- changes in autonomic tone, through neural and humoral 


mechanisms.’ Finally, it must be kept in mind that 


regulation of large coronary arteries may differ from - 


regulation of resistance vessels. This article will sum- 
marize the evidence for a-adrenergic vasoconstriction 
of coronary resistance vessels and large coronary arte- 


ries. Experimental studies in chronically instrumented, ` 


conscious animals will be emphasized, because anes- 
thesia and recent surgery may affect the control of the 
coronary circulation profoundly. 


Regulation of Coronary Resistance Vessels 


Most current evidence supports the concept that 
a-adrenergic mechanisms are important in the control 
of the coronary circulation. This concept is based on 
studies in which a-adrenergic receptors were activated 
by injection of agonists or by neural mechanisms.! Most 


evidence for a-adrenergically mediated vasoconstriction 
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pressure rises and coronary blood flow remains con- 
stant, thereby eliciting an increase in calculated coro- 
mary vascular resistance. These increases in calculated 
coronary vascular resistance can be eliminated by a-a- 
drenergic receptor blockade. Few experiments have 


suggested that a- adrenergic stimulation may decrease 


coronary blood flow in the face of normal or elevated 
coronary driving pressure. 

‘Effects of alpha-adrenergic agonists: With in- 
travenous administration of moderate-to-large doses 
of the sympathetic neurotransmitter norepinephrine 


to conscious dogs, mean arterial pressure rises more : 


than coronary blood flow, resulting in an increase in 

culated coronary vascular resistance.’ After a-a- 

energic receptor blockade, the.same doses of norepi- 
nephrine only induce coronary vasodilation in response 

the remaining B-adrenergic stimulation of norepi- 
nephrine, which increases heart rate and myocardial 
contractility and also causes direct -adrenergic vaso- 
dilation. When smaller doses of norepinephrine are 
infused to conscious dogs, mean arterial pressure rises 
less, and coronary blood flow actually decreases below 
control levels (Fig. 1). This finding of coronary vaso- 
constriction in response to norepinephrine was also 
recently demonstrated in man.‘ In that study, norepi- 
nephrine consistently decreased coronary blood flow 
despite a modest rise in arterial pressure.‘ 

: Until recently, it was felt that the 2 a-adrenergic re- 
ceptor subtypes (a, and a) exerted different effects, 
with a, receptors having a postjunctional effect med- 
iating vasoconstriction and a2 receptors exerting a 
prejunctional action regulating norepinephrine uptake.® 
It now appears that a receptors are also located 

postjunctionally and can induce vasoconstriction when 

a. Norepinephrine has a similar potency on 
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FIGURE 1. Response to infusion of norepinephrine (NE) 0.02 
ug/kg/min | for mean arterial blood pressure, phasic and mean cor- 
onary flow and computed mean coronary resistance. Left, with heart 
rate (HR) held constant, norepinephrine produced a reduction In coro- 
nary flow without a rise in arterial blood pressure; that Is, cor 
vasoconstriction took place. Right, after administration of phento 

1 mg/kg intravenously, norepinephrine infusion caused only cora 


‘>; 


dilatation, with a substantial increase in coronary blood flow. ted 
with permission from Circ Res.? | £ 
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&ı- and’ as-adrenoceptors,9 while phenylephrine and 
B-HT 920 are selective agonists for œ- and «s-adre- 
noceptors, respectively.9? The presence of 2 types of 
postsynaptic a-adrenoceptors that are able to mediate 
pressor responses is now well documented in a number 
of species,9? including man.!? 

Although it is well established that both types of 
a-adrenoceptors are able to mediate systemic pressor 
responses, the role of the adrenoceptor subtypes in the 
production of coronary vasoconstriction remains con- 
troversial, Decker and Schwartz!! found œ- and a@o- 
adrenoceptor-mediated coronary vasoconstrictor re- 
sponses in the isolated guinea pig heart, but did not 
compare the relative contribution of these receptors 
with the constrictor response to the neurotransmitter 
norepinephrine. Holtz,!2 Heusch!? and their co-workers 
found that constriction of the coronary resistance ves- 
sels was predominantly mediated by o»-adreno- 
ceptors. 12,13 

We recently examined this problem in chronically 
instrumented, conscious dogs.!4 These experiments 
were conducted in the presence of hexamethonium, in 
an attempt to block ganglionic transmission of B- 
adrenergic and cholinergic receptors, thereby leaving 
a-adrenergic receptors unopposed. Our studies dem- 


onstrated that both phenylephrine and B-HT 920 were 


able to increase late diastolic coronary resistance, in- 
dicating that both subtypes of a-adrenergic receptors 
can mediate constriction of the coronary resistance 
vessels (Fig. 2). We also assessed the relative contribu- 
tions of œ- and a-adrenergic receptors to the coronary 
vasoconstriction induced by norepinephrine. This was 
accomplished by comparing infusions of norepinephrine 
before and after selective a; (prazosin)- or o: (rauwol- 
&cine)-adrenergic receptor blockade. Prazosin elimi- 
nated coronary constrictor response to phenylephrine 
but not to B-HT 920, and reduced the vasoconstriction 
induced by norepinephrine by approximately 5096. 
Rauwolscine eliminated the coronary constrictor re- 
sponse to B-HT 920 but not to phenylephrine, and also 
reduced the vasoconstriction induced by norepineph- 
rine by approximately 50%. Thus, both postsynaptic o- 
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FIGURE 2. Increases in late dlastolic coronary vascular resistance for 
norepinephrine (NE) (which stimulates ar and a‘z-adrenergic receptors), 
ne (PE) (which stimulates a 4-adrenergic receptors) and B-HT 

920 (which stimulates a-adrenergic receptors) in consclous animals 


Control c, block 


th gangllonic, B-adrenerglc and cholinergic blockades (left), after 


GS ^ sdlactive a4-adrenergic blockade with prazosin (middle) and after 


Bein '830t2-adrenerglc blockade with rauwolscine (right). The data 
vere comparing equicoronary constrictor responses In the 
b (left). The data after œ+- and a-adrenergic blockades are 

AS a percentage of the control constrictor responses. 
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and a-adrenergic receptors participate in the coronary 
vasoconstriction induced by norepinephrine (Fig. 2). 
Interaction of alpha-adrenergic receptor and 
valcium-channel blockers: There has been consid- 
erable interest recently in the extent to which cal- 


 cium-channel blockers interact with the a-adrenergic 


nervous system. Previous studies have shown that these 
effects primarily involve an interaction with a -adren- 
ergic receptors.1? We have also recently observed that 
calcium-channel antagonists, e.g., nitrendipine, ni- 
fedipine and diltiazem, preferentially increase coronary 
blood flow and decrease late diastolic coronary resis- 
tance in comparison with changes in cardiac output and 
total peripheral resistance in conscious dogs.!® Infu- 
sion of all 3 calcium-channel antagonists increased 
coronary blood flow more than cardiac output and de- 
creased late diastolic coronary vascular resistance sig- 
nificantly more than total systemic vascular resistance. 
This preferential vasodilation of the coronary circula- 
tion was even more prominent after the elimination of 
the reflex increases in heart rate and myocardial con- 
tractility secondary to the fall in arterial pressure. To 
determine if the preferential distribution of cardiac 
output to the coronary bed depended on an a-adren- 
ergic receptor mechanism, experiments were conducted 
in the presence and absence of selective a,- and o- 
adrenergic receptor blockades. Using rauwolscine to 
block o2-adrenergic receptors, we found that the pref- 
erential distribution of cardiac output to the coronary 
bed persisted (Fig. 3). However, the preferential effects 
on the coronary bed in comparison with the systemic 
circulation were abolished by a -adrenergic receptor 
blockade. After prazosin, all 3 calcium-channel blockers 
induced similar percentage increases in cardiac output 
and coronary blood flow. 

Neurally mediated alpha-adrenergic coronary 


‘ vasoconstriction: As noted previously, most evidence 


\ N See 
JM JM oum on 
GE E Ta 
unu 


FIGURE 3. Percent increases in cardiac output and mean left circumflex 
coronary blood flow are compared in response to infusion of a cal- 
clum-channel blocker, nitrendipine, after 8- and cholinergic blockades 
(first and third panels). Responses to the same infusion of the cal- 
cium-channel blocker are cornpared after a-adrenergic blockade with 
rauwolscine (second panel) and after selective a adrenergic blockade 
with prazosin (fourth panel). The calcium-channel blocker caused 
significantly greater increases in coronary blood flow than cardiac output 
before a-adrenergic blockade and even after cz-adrenergic receptor 
blockade. However, this was not observed after selective a ;-adrenergic 
receptor blockade, suggesting that the mechanism Involves o,- 
adrenergic receptors. 


for a-adrenergically mediated vasoconstriction is de: 
rived from experiments in which coronary driving 
pressure rises and coronary blood flow remains con- 


stant, thereby eliciting an increase in calculated coro-, 


nary vascular resistance. A study in conscious dogs 
demonstrated a striking example of coronary vasocon- 
striction that was characterized by an increase in coro- 
nary driving pressure and an absolute decrease in cor- 
onary blood flow.!?:15 This response occurs with carotid 
chemoreceptor reflex stimulation. Stimulation of this 
reflex induces an initial transient period of coronary 
vasodilation and a later period of intense coronary 
vasoconstriction (Fig. 4). The late period of vasocon- 
striction is even more prominently displayed in the right 
coronary circulation than the left. This is probably due 
to the fact that chemoreceptor stimulation is accom- 
panied by a moderate increase in afterload for the left, 
but not the right ventricle. The right coronary artery 
supplies only the right ventricle in the dog, and thus 
should not respond with an increase in blood flow be- 
cause of enhanced myocardial metabolic demands faced 
by the left ventricle. This late period of coronary vaso- 
constriction is associated with a decrease in coronary 
sinus Os content and a widening of the A-VOz¢ difference 
across the heart. This coronary vasoconstriction is not 
blocked by either 8-adrenergic or cholinergic blockade, 
but can be virtually eliminated by a-adrenergic blockade. 
The afferent mechanism of this late period of coro- 
nary vasoconstriction is most likely the carotid che- 
moreceptor reflex, because the response is even more 
intense in the presence of controlled ventilation," i.e., 
where the complicating influences of the pulmonary 
inflation reflexes are absent.!? Moreover, under these 
conditions atropine eliminates the early vasodilation, 
indicating the parasympathetic nature of the early re- 
sponse, but leaves intact the later period of vasocon- 
striction. Therefore, the later vasoconstrictor response 


is not necessarily linked to the early vasodilator’ 


response. 

To confirm that the afferent pathway is neural, ex- 
periments were conducted after section of the ipsilateral 
carotid sinus nerve. Under these conditions, no effect 
was observed with intracarotid injection of either nic- 
otine or cyanide. The mechanism of the late period of 
vasoconstriction involved a-adrenergic receptor stim- 
ulation, because it was abolished by a-adrenergic re- 
ceptor blockade. In order to determine if the a-adren- 
ergic receptor stimulation was mediated by sympathetic 
nerves or through increased circulating catecholamines, 
experiments were conducted after adrenalectomy, after 
total cardiac denervation or after a combination of these 
2 procedures. Although adrenalectomy plus cardiac 
denervation eliminated the coronary vasoconstriction, 
either intervention alone attenuated it. Thus, this late 
period of coronary vasoconstriction induced by carotid 
chemoreceptor reflex stimulation is mediated both 
through sympathetic nerves and circulating catechol- 
amines. 

These experiments demonstrate that stimulation of 
reflex adrenergic neural pathways is sufficiently pow- 
erful to decrease coronary blood flow and coronary sinus 
O» content, despite an elevation of coronary driving 
pressure in the conscious animal. 
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licited an Initial striking Increase in Mean 
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vascular resistance. This was (mmHg) 
llowed by a perlod of coronary 
striction characterized by a 
ction in coronary blood flow inthe Left Circumflex 
ace of sustained elevation In arterlal Coronary Flow 
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on was also characterized by a fall in 
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igsion from Am J Cardiol 1983;53: (ml/min: 
59. 
Mean 
. : Coronary Resistance 
immHg/ml/min) 
Heart Rate 
(beats/min) 


Regulation of Large Coronary Arterles 

Large coronary arteries contribute relatively little to 
the regulation of total coronary vascular resistance 
under normal physiologic conditions.!92° However, in 
the presence of large coronary arterial constriction, large 
coronary vessels become the predominant controlling 
factor, and prolonged spasm may even lead to myocar- 
dial infarction.2/ Although most experimental studies 
on the regulation of large coronary arteries have been 
carried out in anesthetized, open-chest animals, where 
coronary arterial pressure has been measured and large 
coronary arterial resistance has been inferred, there are 
studies that used cineangiography to assess large coro- 
nary artery dimensions intermittently in man and in 
experimental animals. _ 

We have developed and applied techniques to study 
the regulation of large coronary arteries directly and 
instantaneously in chronically instrumented, conscious 
animals. These techniques involve the continuous 
measurement of the diameter of an epicardial coronary 
artery using a pair of ultrasonic crystals implanted on 
opposing sides of the artery. These techniques have 
been used to characterize large coronary arterial vaso- 
dilation in response to nitroglycerin, to nifedipine, to 
increases in coronary blood flow and to vasoconstriction 
in response to a-adrenergic activation. 





Effects of nifedipine and nitroglycerin on large 
coronary arteries (Fig. 5): Both nifedipine and ni- 
troglycerin induce considerable dilation of large coro- 
nary arteries in the conscious dog. In fact, equidepressor 
intravenous doses of nitroglycerin (25 ug/kg) and ni- 
fedipine (20 ug/kg), elicit very similar effects on left 





FIGURE 5. The time course of the effects of nifedipine and 

Is shown for left circumfíex coronary cross-sectional area (CSA). Both 
drugs Induced sustained Increases In large coronary arterial cross- 
sectional area. Adapted with permission from Circ Res.?4 
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circumflex coronary cross-sectional area. Both drugs 
induce near maximal increases in large coronary arterial 
dimensions several minutes after intravenous admin- 
istration, when the coronary vascular resistance effects 
of the drug are already subsiding. Moreover, the effects 
on the large coronary arteries were sustained for both 
agents requiring 45 to 60 minutes to return to baseline 
level? This persistent effect on large coronary arteries 
should be of considerable clinical importance. 

Our findings in conscious dogs are consistent with 
those of Hugenholtz et al,?? who, using cinearteriogra- 
phic techniques, found that intracoronary adminis- 
tration of nifedipine relieved coronary spasm in 5 of 6 
patients studied. In contrast, Forman and Kirk% and 
Takeda et al? failed to demonstrate a relaxant effect 
of calcium-channel blockers on large coronary arteries. 
It is important to note that the former studies were 
conducted in humans and intact, conscious animals, 
whereas the latter studies were conducted in anesthe- 
tized, open-chest preparations. The anesthetized, 
open-chest animal has substantial tachycardia, which 
is generally double the baseline heart rate observed in 
unanesthetized dogs or man. Because tachycardia, per 
se, will cause dilation of large coronary arteries,? it is 
not surprising that the baseline tone of the large coro- 
nary arteries would be less in the anesthetized, open- 
chest preparation and, consequently, vasodilation sec- 
ondary to an intervention such as nifedipine would be 


less prominent. Indeed, in pilot experiments during - 
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which we administered nifedipine at operation after 
implanting the ultrasonic crystals on the coronary ar- 
tery, only trivial vasodilation was observed. 

Effects of alpha-adrenergic receptor stimulation 


on large coronary arteries (Fig. 6): We observed that - 


coronary vascular caliber fell below control levels with 
intravenous infusion of the a-adrenergic agonist 


‘methoxamine (50 ug/kg/min).?? It was expected that 
‘coronary dimensions would increase passively in re- 


sponse to the elevated distending pressure induced by 
the infusion of methoxamine. Indeed, this was observed 
initially but only transiently. However, with continued 
a-adrenergic stimulation, coronary cross-sectional area 
returned to control levels and then fell significantly 
below control for the remainder of the infusion period. 
These data indicate that a-adrenergic vasoconstriction 
of the large coronary arteries is sufficiently powerful to 
oppose the tendency of arterial pressure to distend these 
arteries. Moreover, the changes in vessel caliber cannot 
be ascribed to a reduction in the metabolic requirements 
of the heart because heart rate was not significantly 
different from control, yet preload and afterload were 
both increased. 

Effects of changes in blood flow on large coro- 
nary arteries: Increases in heart rate, left ventricular 
preload and afterload and myocardial contractility in- 
crease myocardial oxygen consumption and secondarily 
increase coronary blood flow and decrease coronary 
vascular resistance. Until recently, it was thought that 


1 


FIGURE 8. The effects of a 10-minute 
infusion of methoxamine, 50 
g/kg/min, are depicted in a conscious 
dog on simultaneous and continuous 
measurements of phasic and mean left 
circumflex coronary artery ‘diameter, 
aortic root pressure, left ventricular (LV) 
pressure, LV dP/dt and phaslc and 
mean left circumflex coronary blood 
flow. Methoxamine Increased coronary 
dlameter only initlally and translently 
and then induced striking, sustained 
reductlons in coronary diameter at a 
markedly elevated aortic pressure. A 
mechanical zero for the blood flow re- 
cording is shown at the end of the ex- 


from J Clin Invest 1980;65:514. 
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these changes in myocardial oxygen consumption and 


coronary vascular resistance were of major importance 
in regulating the coronary resistance vessels, but of little 


-significance i in regulating large coronary arteries. We 


recently observed that large coronary arteries respond 
to the changes in myocardial metabolic demands in a 
fashion similar to the resistance coronary vessels.^! The 
mechanism for this effect could be the increase in cor- 
onary blood flow, which can reduce large vessel tone. 

' Another related observation is that large coronary 
arteries dilate after brief periods of coronary artery 


occlusion and myocardial ischemia (Fig. 7). We have 


armed this effect on the large coronary arteries “reac- 
ve dilation."?? In comparison with reactive hyperemia, 
ctive dilation is characterized by a delayed onset (60 
seconds) after release of occlusion and delayed dissi- 
pation (150 seconds). 
| A mechanism secondary to the rapid and large post- 
ischemic increase in coronary blood flow was considered. 
To test our hypothesis, we maintained flow constant at 


preocclusion levels with a-hydraulic occluder after the 
release of a 15- to 20-second coronary artery occlusion. 


Under these circumstances, no reactive dilation was 
observed when coronary blood flow was held constant 


B co 
f 


bun 7. Effects of a 20-second 
coronary occlusion (CAO) of the left 
circumflex coronary artery proximai to 
the measurement of left circumflex 
coronary arterial diameter are shown 
on recordings of phasic and mean 
coronary dimensions (CD), phasic and 
mean coronary blood flow (CBF), mean 
arterial pressure (AP), left ventricular 
(LV) pressure (P), and LV dP/dt. After 
release of the coronary occlusion, CBF 
increased dramatically, resulting in a 
typical reactive hyperemia. Coronary 
dimensions increased slowly after re- 
lease of the occlusion, reaching a peak 
approximately 60 seconds later, at a 
time when coronary blood flow had al- AP 
ready returned to control. Adapted with 
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Dermisslon from Circ Res 1984,54: (mmHg) 
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(Fig. 8).79 Prior studies in which a large AV shunt was 
opened in the femoral circulation showed a flow-de- 
pendent increase in large arterial dimensions.?99! This _ 
large arterial dilation was independent of a- or B- 
adrenergic mechanisms, cholinergic mechanisms or 
histaminergic mechanisms,2° Further, the femoral ar- 
teries remained dilated as long as flow was increased.?! 
In the coronary circulation, Gerova et al?? also found 
dilation of large coronary arteries when flow was in- 
creased dramatically with the opening of an AV shunt. 
In those experiments in which blood flow was held 
constant, large coronary arterial diameter did not 
change. The latency of the dilation in these studies was 
35 seconds, which is similar to the latency of the reactive 
dilation observed in our study and different from the 
almost instantaneous increases in coronary flow that 
occur with reactive hyperemia. 

- Thus, it is important to realize that changes i in myo- 
cardial metabolic demands or blood flow in the coronary 
artery can modulate the caliber of the large coronary 
artery. These findings could be important in situations 
of coronary arterial stenoses, when blood flow will not 
increase, and, consequently, vasoconstrictor stimuli can 
be intensified. 
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FIGURE 8. An example of the effects 
of a brief coronary artery occlusion with 
flow held constant upon release of 
occlusion in a conscious dog. After 
release of the coronary occlusion, re- 
active dilation was not observed. Ab- 
breviations as in Figure 7. Adapted with 
permission from Circ Res 1984,54: 
50, 
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Response of Normal and Diseased 
Epicardial Coronary Arteries to Vasoactive Drugs: 
Quantitative Arteriographic Studies 


B. GREG BROWN, MD, PhD 





Coronary vasodilators known to be effective in effort 
and vasospastic angma were studied in 93 patients 
undergoing catheterization for evaluation of chest 
ain. The ischemla-provoking stresses were iso- 
etric handgrip (25% of maximum for 4 to 5 min- 
es) or ergonovine maleate (0.2 mg intravenously). 
emodynamic changes and changes in anglo- 
raphic diameter of epicardial coronary arterles 
ere measured during these stresses, with and 
Ithout drug administration. Drugs included intra- 
enous diltiazem (0.25 mg/kg load + 0.003 mg/ 
g/min), intravenous verapamil (0.14 mg/kg load 
0.0075 mg/kg/min) and intracoronary (0.012 
min X 4 minutes) and sublingual (0.4 mg) 
itroglycerin. 
From these studies, the following statistically valid 
nclusions were reached. First, nitroglycerin is a 
potent dilator of epicardial coronary arteries, in- 
creasing normal luminal area an average of 28% 
and luminal area in significantly stenotic segments 
by 29%. Second, verapamil and dlitiazem are 
nonsignificant epicardial coronary dilators (9% and 
4% luminal area Increase, respectively). Similarly, 
idiltiazem does not dilate significant coronary ste- 
nee Third, sustained Isometric handgrip Increases 
isystemic blood pressure and heart rate by reflex 


The landmark experimental studies of Fam and 
McGregor! and Winbury? provided important insights 


into the direct. coronary mechanisms of benefit from. 


certain vasoactive drugs in ischemic heart disease. 
However, our comprehensive understanding of these 
mechanisms in humans is incomplete, in part because 
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activation of the sympathetic nervous system. B) 
this means, handgrip also constricts luminal area it 
normal and diseased coronary segments by 20 % 
and 2296, respectively. One result of these change: 
Is a handgrip-induced, ischemic 56% rise in pul 
monary wedge pressure in patlents with slgnifican 
stenosis. Fourth, intracoronary nitroglycerin, in ver 
small doses, does not block the systemic hemody 
namic response to handgrip, but prevents hand 
grip-Induced coronary constriction and the associ 


_ ated Ischemic left ventricular dysfunction. Thus, li 


states of sympathetic activation, vasotonic con 
striction of significant lesions is a major mechanisn 
of the Ischemic response, and its prevention is ; 


.major mechanism of the nitroglycerin response 


Last, verapamil and diltiazem infusions block the 
coronary constriction observed during handgrip li 
normal and diseased coronary Verapaml 
almost completely abolishes the coronary con 
striction seen after ergonovine. Thus, unlike nitro 
glycerin, verapamil and diltlazem are not direc 
epicardial coronary dilators, but act by preventing 
the constriction of diseased coronary segments In 
duced by a-adrenergic and serotonergic coronary 
receptor stimulation. 

(Am J Cardiol 1985;56:23E-29E 


no good animal model of the hemodynamic effects o 
atherosclerotic coronary disease exists, and in part be 
cause we have lacked objective means for studying th: 
effect of drugs on human coronary hemodynamics 
Because energy loss in a stenosis is extremely sensitiv 
to small changes in stenosis caliber, an accurate metho 
for assessment of coronary luminal dimensions is ai 
essential tool for rational investigations. During the pas 
15 years, quantitative angiography has been used t 
study vasomotion in human arteries.?-!2 These studie 
permit an expanded understanding of the supply as 
pects of regional myocardial ischemia. It has become 
clear that stenosis vasomotion, an extension of the 
vasomotor response of normal epicardial arteries, i: 


- frequently an important feature of the ischemic re 


_4& 
sponse and provides us with an important avenue for 
therapy. 

. The clinical efficacy of antianginal therapy is best 
assessed under conditions that commonly provoke 
ischemia in a given patient. Thus, exercise testing and 
ST-segment (Holter) monitoring are used to demon- 
strate overall benefit. However, these do not distinguish 
between the various possible mechanisms of benefit: (1) 
decreased myocardial oxygen demand or (2) improved 
subendocardial perfusion due to lowered coronary ste- 
nosis resistance, lowered collateral resistance or reduced 
compression of the subendocardial microvasculature 
by left ventricular diastolic pressure. Because conditions 
of maximal effort are difficult to achieve in the cathe- 
terization laboratory, alternative stresses are used that 
mimic the exercise response in many respects. Studies 
have been conducted with sustained isometric hand- 
grip,5:1?14 cold pressor response!? and intense mental 
concentration, all of which activate the sympathetic 
nervous system, plus certain drugs that promote coro- 
nary vasoconstriction.9?.1.13 

This article will provide a perspective on the mech- 
anisms and magnitude of drug- and stress-induced large 
coronary vasomotor changes and their potenta impact 
on the clinical ischemic response. 


Hemodynamic Determinants of Stenosis Flow 


Energy (pressure) is lost as blood traverses a stenosis. 
The arteriolar vasodilatory reserve is exhausted first in 


the subendocardial region when pressure distal to the - 


stenosis falls below approximately 55 mm Hg. Thus, 
pressure loss in the stenosis is an important determinant 
of ischemia. A method to estimate this loss in coronary 
obstructions has been developed!^18 and experimen- 





FIGURE 1. A histologic section through a right coronary artery stenosis 


Causing the vartant angina syndrome. The segment was freshly resected 
after the distal right coronary artery was successfully grafted. AW = 
arc of compliant arterial wall partly surrounding the remaining lumen; 


C = collagen (fibrosis) surrounding crystalline cholesterol in the ath- | 


eroma; E = internal elastic lamina. 
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tally validated.!? The following equation provides a 


good approximation of pressure loss in a typical high- 


grade human coronary stenosis: 





180, eio ud 


| dain? 


AP, = 


This expression for calculating pressure loss (AP,, mm 
Hg) in terms of stenosis flow (Q,, ml/sec) and minimal 
luminal diameter (din, mm) describes the principal 
modes of energy loss in the stenosis. The first term ac- 
counts for losses due to blood viscosity; the second, for 
those due to the formation of distal turbulence. With 


normal flow (approximately 1.1 ml/s in the left anterior . 


descending [LAD] coronary artery), over 7596 of the loss 
is in the second, turbulent term; thus, for clinical pur- 
poses, the first term may be neglected. By this expres- 
sion, an LAD stenosis approaches hemodynamic sig- 
nificance when its minimum diameter approaches 1 
mm. At this critical level of severity, because of the in- 
verse fourth-power effect, small changes (e.g., 0.1 to 0.2 
mm) in minimal luminal diameter have large effects on 
stenosis resistance and thus, potentially on myocardial 
perfusion. 


Lesion Morphology In Significant Stenoses 


. The term “hardening of the arteries" has fostered the 
misconception that stenoses are “fixed” in a rigidly 
immobile shell of cholesterol-laden, fibrotic, calcified 
atheroma. Stenosis morphology is actually variable; 
some involved segments fit this description and are 
indeed fixed. However, the majority of lesions are 
structured (Fig. 1). Freudenberg et al?! examined the 
morphologic spectrum of human stenosis histology. 
They found that 74% of sections narrowed by athero- 
sclerosis had an eccentric residual lumen that was par- 
tially circumscribed by an arc of at least 60° of normal 
arterial wall (Fig. 2). This is an extremely important 
aspect of dynamic stenosis behavior. The presence of 
this pliable, musculoelastic arc of normal wall in 70% of 
all significantly (250%) diseased arterial segments 
provides a mechanism whereby variations in intralu- 
minal pressure and vasomotor tone may affect luminal 
caliber and thus flow resistance. Caliber changes as 
small as 0.1 to 0.2 mm can substantially alter flow re- 
sistance in a significant proximal arterial lesion. The 
implications of this observation in terms of the impact 
of vasoactive drugs on myocardial perfusion will be 
discussed. 


Quantitative Arterlographic Method 


Stenosis resistance is uniquely determined by blood 
density, viscosity, flow, and absolute luminal dimension; 
the latter is by far the most important determinant. 
Therefore, a dimensionally accurate method for as- 
sessing luminal caliber is a necessary tool for estimating 
the hemodynamic impact of a lesion and the conse- 
quences of its vasomotor changes. Our computer-as- 
sisted method!7187? involves projecting routine coro- 
nary cineangiograms at 5-fold magnification and man- 
ually digitizing the borders of an arterial segment into 
a PDP-VAX computer. The tip of the catheter is digi- 
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tized for a scaling reference. The computer corrects for 
pincushion distortion and for optical and out-of-plane 
magnification to arrive at a dimensionally accurate 


i representation of the arteriographic image. Two such 
* views of the stenosis from perpendicular angiographic 


projections are combined to form a 3-dimensional 
characterization of the diseased segment. The hard copy 
printout of a lesion analysis includes diameter and 
cross-sectional area at “normal” proximal and distal 
points and at the greatest narrowing. An estimate of the 
hemodynamic impact of the lesion is based on classic 
fluid mechanics theory.!® 
| The accuracy of this method is within 0.08 mm for 
easurement of known dimensions; its variability av- 
erages +3% (+ standard deviation) for percent stenosis 
imates, and 0.10 mm for minimal diameter estimates. 
e use of this method to study coronary vasomotion 
has been described in detail.’ Briefly, the elements of 
quantitation of sequential, drug-induced changes in 
luminal caliber include (1) averaging measurements 
from several different cineframes, each analyzed by at 
least 2 observers, (2) blinding the observers to the drug 
state being measured, (3) controlling for the vasodilating 
effect of contrast medium and (4) excluding all but the 
best quality arteriographic images. 


Effect of Vasoactive Drugs and Stresses 
on Normal Coronary Vessels 


' Drug effects on in vitro human coronary vasomotor 
tone have been reported.?2?3 Vatner and colleagues 
have made important experimental observations on 
coronary mural vasomotion.?* À considerable body of 
data i is also available on the in vivo effects of a number 
of drugs and stresses on coronary luminal size. Figures 

3land 4 summarize our experience, which is based on 

des angiographically normal arterial segments in 226 
patients. Two points are apparent. First, the magnitude 
of inducible change in normal coronary luminal area is 
a strong function of vessel size. The small and medium 


FIGURE 2. Schematic drawings of the 

Spectrum of lesion structures found In 

histologic sections cut through dis- 

coronary arteries. Approximately 

jee-fourths of all focal lesions dem- 

(e the potential for active or 

sive vasomotion by virtue of an arc 

of wall surrounding at least 60° 

ofithe residual lumen. Adapted with 
Pe from Freudenberg H.?' 


ê 


vessels distributed over the epicardial surface are con- 
siderably more responsive than vessels the size of the 
left main coronary artery (4 to 5 mm). Second, there 
appears to be 4 classes of vasoactive stimuli. The first 
class includes the “nitro” drugs (nitroglycerin, isosor- 
bide dinitrate and nitroprusside), which appear to be 
effective arterial dilators. The second includes “resis- 
tance bed” (arteriolar) vasodilators, such as dipyrida- 
mole and hydralazine (surprisingly, diltiazem and 
verapamil in clinically effective doses are not significant 
large vessel dilators). Drugs resulting in an excess of 
a-adrenergic receptor activity (propranolol, propranolol 
plus epinephrine) are modest coronary arterial con- 
strictors and form the third class. Blood pressure rises 
considerably with isometric handgrip (25 mm Hg) and 
with propranolol plus epinephrine (40 mm Hg), and 
distends the arteries passively; thus, with drugs in this 
class a lesser constriction is observed than would be 
anticipated. The fourth class includes the mixed a- 
adrenergic and serotonergic receptor agonist ergonovine 
maleate, the most potent of the coronary constrictors 
we have studied. The extent of this constriction may be 


due, in part, to the generally small rise in arterial pres- 


sure with ergonovine. 

The lack of increase in coronary luminal area with the 
calcium-channel antagonists verapamil, diltiazem and 
nifedipine® conflicts with the widespread perception 
that they are coronary vasodilators and are effective in 
vasospastic angina. Indeed, coronary vascular resistance 
has been documented to fall significantly after vera- 
pamil^? and nifedipine.*® However, vascular resistance 
is regulated by arteriolar-level vessels, and its changes 
do not necessarily reflect changes in the epicardial 
conductance vessels. In an attempt to resolve the ap- 
parent contradiction between the absence of epicardial 
vasodilation with these drugs and their acknowledged 
clinical efficacy in vasospastic syndromes, we measured 
the coronary vasoconstrictor effects of handgrip and 
ergonovine in the presence and absence of verapamil 








CONCENTRIC (26%) 
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and diltiazem. The results of these studies are sum- 
marized in Figures 5 through 7. We:conclude from these 
‘studies that although these calcium antagonists are not 
strong epicardial dilators, they effectively block the 
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FIGURE 3. Effect of coronary arteria! size in response to “vasodilator” 
drugs. Normal luminal area and Its changes after drugs were estimated 
using a computer-assisted technique. Large vessel dilators were ni- 
troglycerin, 0.4 to 0.8 mg, sublingual; nitroprusside, 1.0 to 1.5 mg/ 
kg/min, intravenously; and Isosorbide dinitrate, 5 to 10 mg, sublingual. 
Arterlolar dilators were verapamil, 0.0075 mg/kg/min, intravenously; 
dlitiazem, 0.003 mg/kg/min, intravenously; hydralazine, 10 to 20 mg, 
intravenously; and dipyridamole, 0.56 mg/kg, intravenously over 4 
minutes. Circles indicate average lumina! area for different epicardial 
branches. Lumen changes In vivo are a summation of active vasomotion 
and passive elastic response to changes In blood pressure. DIA = di- 
agonal; MAR = marginal; PDA = posterior descending; LAD = mid-left 
anterior descending, LCX, = proximal teft clrcumftex; LAD, = proximal 
LAD, LM = left main. 
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vasoconstrictor effect of drugs and stresses that act 


through the serotonergic and «-adrenergic receptors. 


Effect of Vasoactive Drugs and Stresses 
on Diseased Coronary Arterles 


If most coronary stenoses contain a normal wall seg- 
ment (Fig. 2), then drugs and stresses that contract or 
relax the normal arterial wall should have a comparable 
effect on such lesions. The structure of certain lesions 
can actually amplify the effects of ordinary amounts of 
smooth muscle shortening, resulting in severe, transient 
focal obstruction.!*’ Indeed, as will be shown, the 
spectrum of vasomotor responses of coronary stenoses 
appears to be predictable in terms of known variations 
in lesion structure (Fig. 2) and known pharmacologic 
responses of the normal artery (Fig. 3 and 4). 

Stenosis vasoconstriction:. Sustained isometric 
handgrip for 4 to 5 minutes at 25% of maximum acti- 
vates the sympathetic nervous system by way of somatic 
stretch receptors and unmyelinated efferent c-fibers 
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FIGURE 4. Effect of coronary arterial size in response to ‘‘vasocon- 
strictor" drugs and stresses. Alpha-mediated constrictors were pro- 
pranolol, 0.2 mg/kg over 20 minutes; propranolol plus epinephrine, 1 
mg, sublingual; and handgrip at 25% of maximum for 4 to 5 minutes. 
Serotonergic constrictor was ergonovine maleate, 0.2 mg, intrave- 
nously. 


FIGURE 5. Verapamil blocks hand- 
grip-induced coronary constriction. 
Luminal area is measured In control 
state and agaln during: (1) handgrip at 
2596 of maximum, (2) verapamil, 
0.0075 mg/kg/min intravenously, after 
0.14 mg/kg loading bolus and (3) repeat 
handgrip during continued verapamll 
infuslon. Thirty-four coronary segments 


«.05, +<., <, 
T is e MM were studied In 6 patients. 
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d 
that impinge on the medullary vasomotor center. Sys- 
tolic and diastolic blood pressures rise about 25 mm Hg, 
heart rate increases?? and circulating catecholamines 
‘increase 4-fold?? during handgrip. The relative contri- 
butions of efferent neurogenic and humoral activity to 
this response are undefined, but sympathetic fibers 
clearly impinge on the epicardial artery.?? On average, 
handgrip induces a 20% constriction in stenosis mini- 
mal area, with an associated 100% increase in flow re- 
sistance.91015,31 This effect is illustrated in Figures 8 
and 9. A similar reflex-mediated coronary vasocon- 
V ndn occurs with the cold pressor response.!532 
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lO 


l 
FIGURE 6. Verapamil blocks ergono- 
vine-induced coronary constriction. 
Luminal area was measured In contro! 
state and agaln during (1) ergonovine, 
0.2 mg, intravenously, (2) verapamil, 
0.0075 mg/kg/mln, intravenously, and 
(3)|repeat ergonovine 0.2 mg, Intrave- 
bolus. Sixty-three coronary seg- 
ments were studied In 7 patients. 
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These findings help explain a clinical experience in 
which emotional upset, cold and isometric effort often 
lower the anginal threshold and may even provoke ap. . 
gina or myocardial infarction (e.g., the “snow shovel 
coronary"). 

Ergonovine maleate activates both a-adrenergic and 
serotonergic receptors and is widely regarded as the 
most potent available constrictor of both the normal 
and the stenotic coronary lumens. 

Stenosis vasodilation: Nitroglycerin, nitroprusside 
and isosorbide dinitrate measurably dilate about 7096 
of significant coronary stenoses,^1233 correlating well 
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diltiazem (DIL), a combination of both — 5 
and nitroglycerin (NTQ) on luminal area E 
In "normal" coronary arterles. Luminal © 10 
area was measured in control stateand Z 
again during (1) Isometric handgrip at .£ 
25 % of maximum, (2) diltiazem 0.003 5 
mg/kg/min Intravenously after a 0.25 = O 
mg/kg loading bolus, (3) repeat hand- 6 2 
grip and (4) nitroglycerin 0.4 mg, su- O 
lingual. Seventy coronary segments €E 
were measured In 13 patients. Diit- £ -IO 
azem does not dilate epicardial coro- 0 
nary vessels, but blocks the constric- = 
tion. seen during handgrip. Reprinted g 
with permisslon from the American Oo -20 
Heart Association. 1° - 
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with the observed 70% incidence of a normal arterial 
wall segment in such lesions (Fig. 2). The magnitudes 
. of the response of these stenotic lesions to these 3 drugs 
are comparable; on the average, minimal luminal area 
increases by 25% and estimated flow resistance de- 
creases by 40%. This effect is illustrated in Figure 8. By 
comparison, the arteriolar dilator dipyridamole® and the 
calcium-channel antagonists verapamil,”> diltiazem? 
and nifedipine? are substantially less effective than the 
nitrates in dilating coronary stenoses. This result is 
predicted by the failure of these drugs to dilate normal 
coronary arteries (Fig. 9). 

Blocking stenosis vasoconstriction: The cal- 
cium-channel antagonist drugs that have been studied 
to date appear to prevent the stenosis constriction 
provoked by a-adrenergic or serotonergic receptor 
stimulation. This effect is illustrated for diltiazem (Fig. 
9). Whereas significant coronary stenoses constrict by 
20% in minimal luminal area with handgrip, these same 
lesions undergo a trivial mean 3% dilation when com- 


This latter property of the calcium-channel antagonists 
appears to explain, at least in part, their clinical effec- 
tiveness in vasospastic disorders.9495 

Passive stenosis collapse: Intraluminal pressure* 


V 


i 


falls by the Bernoulli principle (the second term in the « ~ 


equation for pressure loss given previously) as blood is 
accelerated to higher velocity in transit through a ste- 
nosis. This pressure drop is proportional to the square 
of stenosis flow and is maximal at the point of greatest 
luminal narrowing. Reduced intraluminal pressure 
during states of increased coronary flow have been 
demonstrated to result in passive partial collapse of the 
severe coronary lesions and normal coronary segments 
distal to them in experimental and clinical settings.®2637 
Dipyridamole-induced coronary hyperemia in patients 
at catheterization results in a measurable decrease in 
luminal area only in severe stenoses, with a mean 45% 
increase in estimated stenosis resistance. 


Clinical Implications 








pared with the control dimension, with handgrip per- The direct coronary actions of drugs may be usefully » 
formed during a steady-state intravenous infusion of classified in terms of their effect on large vessel caliber 
diltiazem.!° This effect may be unique to the calcium- and on stenosis flow resistance, their effect on intraco- 
channel antagonists, because the potent coronary ar- ronary collateral and coronary arteriolar resistance and 
teriolar dilator dipyridamole neither dilates coronary their capacity to block coronary vasoconstriction. In our 
lesions nor blocks their handgrip-induced constriction.? experience, the magnitude of drug-induced vasomotor 
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FIGURE 9. Effect of diftiazem (DIL) on handgrip (HGP)-induced con- 
striction of normal and diseased coronary arteries. Sequentia! changes 
in luminal area In mildly and significantly diseased segments are 
comparable to changes measured in normal segments. Diltiazem is 
æ nonsignificant dilator of coronary lesions, but completely blocks the 
reflex vasoconstriction occurring with handgrip. n = p «0.05; nn = not 
significant; * = p «0.05; ** = p «0.001; P p «001. Reprinted with 
permisslon from the American Heart Association. '? 
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change i in lumen caliber is comparable in normal and 
stenotic coronary segments. Drugs such as isosorbide 
itrate and nitroglycerin, which acutely dilate coro- 
nary lesions and collaterals but do not interfere with the 
metabolic autoregulation of myocardial perfusion, have 
e greatest potential for direct coronary-mediated 
protection against ischemia. However, the development 
of tolerance with chronic use may limit this potential. 
The calcium-channel antagonist drugs diltiazem and 
verapamil are not epicardial dilators, but they effec- 
tively block sympathetically mediated large coronary 
vasoconstriction. The latter is an important component 
of the ischemic response to isometric exercise, and 
possibly to all forms of effort. Drug such as hydralazine 
and high-dose dipyridamole, which dilate only at the 
arteriolar level, may benefit cardiac performance 
through afterload reduction but also have the potential 
for provoking ischemia by enhancing the maldistribu- 
tion of transmural perfusion observed in coronary oc- 
clusive disease. 
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Mixed Angina Pectoris 


ATTILIO MASERI, 


Patients who present with episodes of angina 
caused both by an increase In oxygen demand 
and by transient impairment of supply have a mixed 
. form of angina. Distinctive clinical features allow the 
classification of patlents In everyday practice. At 
one end of the spectrum are patlents who have an- 
gina only and always when they exercise beyond an 
essentially fixed level; their angina is fairly pre- 
dictable and has been termed secondary angina. At 
the other end of the spectrum are patients who have 
a normal exercise tolerance but have angina at rest 
or during activities usually well tolerated that must 
be caused by a transient Impairment of coronary 
blood flow; their anglna Is typlcally unpredictable 
and has been termed primary angina. We adopted 
the term primary to emphasize the possible exis- 
tence of multiple causes of impairment of coronary 
flow, which together are to be contrasted with the 


In a series of studies investigating the existence of cor- 
onary arterial spasm and its mode of onset by hemo- 


dynamic monitoring,’ 1 thallium scintigraphy? and an- 
giography,? we: observed transitional clinical forms ` 


between variant angina as described by Prinzmetal and 
the more common angina at rest or unstable angina. We 
were impressed by the finding that even in patients 
without the features of variant angina, most ischemic 
episodes are not preceded by an increase in the hemo- 
dynamic determinants of myocardial demand.* Sim- 
ilar findings have been observed by others,"-? and it has 
been observed that such ischemic episodes are associ- 
ated with an actual decrease in regional thallium up- 
take.!° We also observed that the same patient could 
have some attacks of angina caused by spasm and others 
caused by excessive demand.!! 
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traditional prevalling concept of angina being sec- 


ondary to excessive Increase In demand. In be- 
tween these ends of the spectrum are most of the 
patients with angina pectoris encountered In clinical 
practice: they have a rather predictable ceillng of 
exercise that they cannot exceed without devel- 
oping angina, but they also have a varlable propor- 
tion of unpredictable anginal attacks that occur 


neously or at levels of activity that are usually . 


sponta 

well tolerated. We introduced the concept of mixed 
forms of angina whien we became aware that the 
same patlent could experience angina both as a 
result of an excessive Increase In myocardial de- 
mand, i.o., secondary angina, and as a result of the 
transient Impairment of coronary blood flow supply, 
l.e., primary angina. 


(Am J Cardiol 1985;56:30E-33E) 


Therefore, in 1976 we proposed a major distinction 
between angina caused by an increase in myocardial 
oxygen demand in the presence of a fixed, reduced 
coronary reserve (hence secondary to a well- known 
cause) and all other forms of angina, for which we pro- 
posed the term primary angina.” We chose the term 
primary, borrowing it-from other fields of medicine, to 
emphasize that the causes of transient impairment. of 
coronary flow were likely to be multiple. We thought 
that the term primary should be gradually replaced as 
specific causes of transient impairment of coronary flow 
are recognized and identified. Coronary artery spasm, 
as it typically occurs in variant angina, has now become 
the first well-established cause of primary angina. 


a 


Although this concept of primary and secondary ! 


angina originated from the study of patients with angina 
at rest, it also applies to miost patients with chronic, 
exertional angina. Indeed, ambulatory monitoring of the 
electrocardiogram!3-16 and of arterial pressure!" in these 
patients during unrestricted daily life demonstrates that 
most episodes of angina are not preceded by increased 
cardiac activity and that usually angina occurs at levels 
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of exertion that are well tolerated during in-hospital 
exercise testing. These objective measurements in pa- 
tients with angina at rest and with chronic stable angina 


support tbe claim of most patients that their anginal 


~oo attacks may occur without precipitating causes or at 


levels of exertion that are usually well tolerated. 

' On the basis of these considerations we proposed the 
term mixed angina!? for patients who had a recognizable 
threshold of exertion that they could never exceed 
without developing angina but who, in addition, had 
episodes of angina at rest or at levels of exertion that 
were usually quite well tolerated. We also expressed the 

view that this was by far the most common form of an- 
rina and subsequently indicated guidelines for its 
ical recognition.!? 


. The Spectrum of Mixed Angina 


Mixed angina can result from a variable combination 
of fixed reduction of coronary flow reserve and transient 
impairment of coronary blood flow, owing to several 
mechanisms. The effects of fixed and variable residual 
coronary flow reserve on exercise tolerance and on 
ischemia are illustrated in Figures 1 through 4. Figure 
l'schematically shows the situation in a subject with 
normal coronary flow reserve allowing flow to increase 
about 6 times above the resting level; the subject can 
exercise and increase his metabolic activity during the 
day 15 times above the resting level (15 METs) without 
developing myocardial ischemia because coronary flow 
can increase proportionally. By contrast, in Figures 2 
and 3, fixed coronary stenoses limit the maximal pos- 
sible increase of coronary flow so that the maximal re- 
sidual coronary flow reserve available is only 4 times the 


ij resting level. In the patient depicted in Figure 2, residual 


coronary flow reserve is fixed, and the patient therefore 
develops ischemia only when he performs unusually 
intense effort above 10 METs (which is normally not 
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FIGURE 1. Schematic illustration of the relation between physical 
activity (during 24 hours) expressed In METs (multiple of basal metabolic 
oxygen consumption) and masslve increase In coronary flow reserve. 
During resting conditions, coronary flow reserve exactly matches the 
metabolic demand; however, when metabolic demands increase, 
coronary flow reserve normally Increases up to 6 times the resting value 
to match the increased demand of flow by the myocardium so that no 


attained during ordinary daily activities), but ischemia 
does not occur below this level. Figure 3 depicts the 
situation in which coronary flow reserve is variable be; , 
cause of the presence of some mechanisms that cause 
transient variations in coronary vascular resistance; 
thus, this patient develops ischemic episodes not only 
during unusual effort, but also unpredictably during 
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FIGURE 2. The presence of fixed coronary artery obstructions not ad- 
equately compensated by collateral flow may reduce coronary flow 
reserve. In this schematic diagram, it Is reduced to only 4 times the 
resting values. A, the patient can exercise up to approximately 10 METs 
without having ischemia; B, however, If he exercises above approxi- 
mately 10 METs, he will consistently develop Ischemla. 
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FIGURE 3. Residual coronary flow reserve may have an upper limit that 
is Indeed fixed, but can decrease because of the presence of mecha- 
nisms that translently interfere with coronary blood flow. Thus, the re- 
gidual coronary flow reserve can vary throughout the day. Under these 
conditions, If the patient exercises beyond the maximal residual cor- 
onary flow reserve he will always develop Ischemia (B). However, he 
may also develop Ischemia on other occasions after smaller degrees 
of exercise, when residual coronary flow reserve is decreased by these 
functional factors (C). Occasionally, coronary flow reserve can decrease 
80 that resting flow is impaired and ischemia occurs at rest (D). At other 
times of the day, this patient can exercise below the level of his maximal 
residual coronary flow reserve without experiencing ischemia (A). In 
this case the coronary flow reserve is fixed at approximately 4 times 
resting levels, so that the patient can exercise to about 10 METs in 
the absence of transient Impairment of coronary flow. This level of 
work Is compatible with most activities of dally life; hence, if the epl- 
sodes of translent impairment of coronary flow reserve could be pre- 
vented, the patlent would develop angina only after efforts of unusual 
intensity. 
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efforts that are usually well tolerated and some episodes | 


occur even at rest. The elimination of the causes of 
, transient impairment of coronary flow would allow this 
patient to be angina-free during ordinary activity. 
Figure 4 illustrates the situation in a patient with a re- 
duction in coronary flow reserve that is so severe that 
he cannot tolerate effort exceeding 5 METS, a level well 
within ordinary daily activity; in addition, he has 
transient impairment of coronary flow that causes 
ischemia with effort that is usually well tolerated and 
occurs even at rest. In this patient the elimination of the 
causes of transient impairment of coronary flow would 
reduce considerably the number of ischemic episodes 
but could not allow the patient all normal daily activities 
because his maximal residual coronary flow reserve 
is too low. 


Pathogenetic Mechanisms of Mixed Angina 


By definition, 2 elements contribute to determine the 
syndrome of mixed angina. The first is 1 or more critical 
coronary obstructions that set the limit of maximal re- 
sidual coronary flow reserve, i.e., the level of effort or of 
oxygen demand that the patient cannot exceed without 
developing ischemia in the absence of any superimposed 
transient impairment of coronary flow. This maximal 
residual coronary flow reserve results from the balance 
between the severity of coronary obstructions and col- 
lateral blood supply. The second is a number of varied 
mechanisms that can suddenly and transiently reduce 
coronary flow to a variable extent; when flow is reduced 
below the resting needs, spontaneous ischemia at rest 
occurs; when it is reduced to a lesser extent, effort 
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FIGURE 4. Maximal residual coronary flow reserve Is reduced to little 
more than 2 times the resting value of coronary flow, thus allowing the 
patient to exercise up to a level of about 5 METs In the absence of any 
transient Impairment of coronary flow. The combination of markedly 
reduced coronary flow reserve and of transient Impairment of coronary 
flow results In frequent occurrences of ischemic episodes caused elther 
by excessive increase of demand above the maximal residual coronary 
flow (B), or by transient Impalrment of flow during exertion (C) or at rest 
(D). However, the patient can tolerate activities below 5 METs (A) in the 
absence of transient impairment of flow. The reduction of coronary flow 
reserve in this patient is so severe that reduction In myocardial oxygen 
consumption Is desirable, and removal of coronary obstructions should 
be considered. However, therapy that is effective in pr reduction 
of flow can abolish all episodes occurring below levels of activity of 
approximately 5 METs (C and D). 


angina may occur with exertion that is usually well 


tolerated. 

The mechanisms that may be responsible for the 
transient impairment of coronary blood flow include the 
following: supersensitivity of a segment of a large epi- 
cardial coronary artery that causes a total or subtotal 


occlusion in response to stimuli that normally cause only .: 


modest changes in caliber, as appears to be the case in 
most patients with variant angina; increased vasomotor 
tone at the site of a subendocardial plaque, which re- 
duces the lumen to a critical or subcritical extent;?° 
transient intravascular plugging by platelets and 
thrombi; a combination of intravascular plugging and 
vasoconstriction; and altered vasomotion at the level of 
the small vessels. 


Clinical Correlates . 


The nature of the mechanism that causes transient 
impairment of coronary flow confers particular clinical 
features to the syndrome of mixed angina. When the 
mechanism is large vessel spasm, in the form most 
commonly seen in variant angina, mixed angina is as- 


sociated with transient ST-segment elevation, positive ` 


ergonovine and hyperventilation tests and nocturnal 
and early morning attacks, in addition to a fixed limi- 
tation of exercise tolerance, which persists after 
the acute administration of nitrates and calcium 
antagonists. 

Because both arenorna and the cold pressor 
test?>2 often produce ischemia in patients with mixed 
angina, while nitrates prevent it, it seems reasonable to 
assume that some form of vasoconstriction plays an 
important role in conferring the features of mixed an- 
gina to chronic stable angina. However, this vasocon- 
striction seems different from spasm as it is typically 
geen in variant angina; indeed, attacks of angina in these 
patients occur predominantly during the day, are not 
associated with S'T-segment elevation and ergonovine 
does not cause ST-segment elevation.?! The response 
to hyperventilation is usually negative and the response 
to the cold pressor test is usually positive.?* 

Finally, in unstable angina, the transient impairment 
of coronary blood flow is likely to be caused by intra- 
vascular plugging, vasoconstriction and spasm acting 
singly or in ene combinations in different 
patients. 


Diagnosis | 


- Sometimes the clinical diagnosis of mixed angina 
emerges clearly from the patient’s history. Patients who 
have only primary angina have a normal maximal ex- 
ercise tolerance. Patients with secondary angina learn 
to predict the efforts that will precipitate angina be- 


cause their anginal threshold is reasonably fixed. Pa-. 


tients with mixed angina recognize a ceiling of exercise 


‘that they can never exceed, even on their best days, 


without developing angina. However, these patients also 
have attacks that occur unpredictably at rest or on effort 
that is usually well tolerated. When symptoms are sta- 
ble, these patients can be classified as having chronic 


stable angina; when their symptoms are rapidly wors- 


en 


Y 


As 
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. ehing or of recent onset, they can be classified as having 
unstable angina. 

In either case it is important to try to assess the 
maximal residual coronary flow reserve. This informa- 
, tion can sometimes be obtained from the patient's his- 
"tory by inquiring into the maximal level of effort tol- 
erated without angina on the best days, but it should be 
assessed objectively whenever possible by a standard- 
ized treadmill test. We perform the test according to the 
modified Bruce protocol?? while the patient is not re- 
ceiving therapy, whenever possible. The amount of work 
that the patient can tolerate before beginning to develop 
ischemic ST-segment changes or chest pain provides a 
measure of the maximal residual coronary flow reserve. 
For the correct interpretation of the prevailing mech- 
anisms of angina in any individual patient, it is essential 
to compare this level of work with the efforts he or she 
normally sustains in daily activities and with those ac- 
tivities usually associated with anginal attacks. Obvious 
discrepancies between the effort tolerated during the 
test and the level of activity at which anginal attacks 
may occur are suggestive of mixed forms of angina. 
However, it is possible that the patient's exercise test 
without therapy may not indicate the maximal residual 
coronary flow reserve. Indeed, we have recently ob- 
served that about 3096 of a consecutive series of 217 
patients with documented coronary atherosclerosis and 
positive exercise tests improve their exercise tolerance 
after acute nitrates to an extent that suggests relief of 
coronary vasoconstriction.*$ 


Therapeutic Guldellnes 


In patients with mixed angina, the level of the maxi- 
mal residual coronary flow reserve, as assessed by 
standardized exercise stress testing after short-acting 
nitrates or nitroglycerin plays a determinant role in the 
choice of first-line drugs and in surgical decisions. At 
one end of the spectrum, when maximal residual coro- 
nary flow reserve is so low that it does not permit ordi- 
nary levels of activity (3 to 5 MET), 8 blockers are in- 
dicated to allow the heart to work more economically, 
and angioplasty or coronary surgery should be consid- 
ered even when episodes of transient impairment of 
coronary flow are reduced by calcium antagonists, ni- 
trates or antithrombotic therapy. At the other end of the 
spectrum, when residual coronary flow reserve is rea- 
sonably well preserved so that the patient can tolerate 
efforts up to 10 and 12 MET's without signs or symp- 
toms of ischemia, the main therapeutic effort should be 
to prevent episodes of transient impairment of coronary 
blood flow. If this goal can be achieved, then the patient 
would be angina-free except for unusually intense effort. 
Under these circumstances, calcium-channel blockers 
should be used. Beta blockers represent a second line 
of treatment. It is not known whether relief of ischemic 
episodes by medical therapy can also improve prognosis, 
but the rather low mortality rate in the cohort of pa- 
tients with mild symptoms in the Coronary Artery 
Surgery Study registry suggests that it is possible.?? This 


possibility should stimulate efforts to understand the 
varied mechanisms responsible for transient impair- 
ment of coronary flow so that medical therapy can be- 
come less empiric and more rational. 
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. Transient Ischemia in Angina Pectoris: 
Frequent Silent Events with Everyday Activities 


MICHAEL J. SHEA, MD, JOHN E. DEANFIELD, MD, RICHARD WILSON, MD, 
CHRISTIAN DeLANDSHEERE, MD, TERENCE JONES, MD, and ANDREW P. SELWYN, MD 


o help characterize episodes of transient myo- 


ardial Ischemla, 80 patlents with chronic stable 
ngina and evidence of obstructive coronary disease 
rere studied by ambulatory electrocardiographlc 
ECG) monitoring outside the hospital to detect both 
ymptomatic and asymptomatic episodes of ST- 
egment depression. In addltlon, patients were 
3sted on an outpatient basis by means of positron 
mission tomography to assess reglonal coronary 
lood flow under different conditlons. All patlents 
howed ECG evidence of transient ischemia, with 
r without symptoms, while active outside the 
ospital. in-hospital testing showed that symptom- 


atic and asymptomatic disturbances In regional 
coronary blood flow occurred with normal everyday 
activities and were not caused by physical exertion 
Involving marked Increases in heart rate and blood 
pressure. Most of these provocations were followed 
by a decrease In coronary blood fiow-in a post- 
stenotic segment of myocardium and, like the 
ischemic events monitored out of hospital, the ma- 
jority were silent. Many of these features charac- 
terizing the activity of Ischemic heart disease may 
not be apparent from a patient’s anginal history or 
results of hospital diagnostic testing. 

(Am J Cardiol 1985;56:34E-38E) 





^oronary atherosclerosis develops slowly, over years, 
nd may not cause any clinical signs. In fact, 3-vessel 


oronary artery disease (CAD) is often found on autopsy - 


xamination of patients who have died of unrelated 
auses.! Little is known about the events that lead to 
linical manifestations and symptoms of heart disease. 
n addition, the many patients who experience angina 
iectoris characteristically complain of exacerbations 
nd remissions and vary markedly in their response to 
reatment. 


Transient regional myocardial ischemia in patients _ 


vith angina is usually detected during provocative di- 
gnostic testing in the hospital. However; we still have 
ot identified those events occurring outside the hos- 
ital, i.e., during the patient's usual activities, which 
omplicate the coronary circulation and cause clinical 
roblems. Holter monitoring of the electrocardiogram 
a patients with chronic stable angina has shown fre- 
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quent, prolonged and asymptomatic episodes of ST- - 
segment depression during such activities.” * The pur- 
pose of this study was to examine the disturbances of re- 
gional coronary blood flow that underlie these episodes 
of transient ischemia and complicate coronary disease. 


Methods 


Eighty patients (72 men and 8 wómen, aged 35 to 74 years) 
were selected for study because each had the following char- 
acteristics: (1) typical stable angina pectoris for at least`3 
months; (2) a positive symptom-limited exercise test (Bruce 
protocol) with S'T-segment depression of at least 1 mm for at 
least 80 ms; and (3) evidence of obstructive CAD on diagnostic 
arteriography (1-vessel disease in 9, 2-vessel in 20 and 3-vessel 
in 37 patients). Obstructive CAD was defined as 270% ste- 
nosis of the left anterior descending, left circumflex or right 
coronary artery. 

: Holter monitoring of myocardial ischemia outside the 
hospital: Patients underwent 48 hours of ambulatory (Holter) 
electrocardiographic monitoring while they carried out their 
normal activities outside the hospital. During this time, they 


self-administered sublingual nitroglycerin as necessary. Each 


‘24-hour recording was analyzed to determine the number of 
- episodes of ST-segment depression Z1 mm that lasted a 


minimum of 80 ms and were maintained for at least 30 sec- 
onds, and the number of episodes of significant ST-segment 
depression that were symptomatic or asymptomatic.5 
Assessment of regional coronary blood flow using 
positron emission tomography: Each patient was studied 
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‘as an E atini while taking nitroglycerin as required for pixels. The myocardium was identified by enclosing all ibid 
angina and gave written consent to undergo positron emission pixels with values 25096 of the peak value. In the first tomo- P 
tomography using Rb-82 (half-life = 78 seconds) to assess gram of each patient studied, 5 large anatomic regions of i in-, 
, regional coronary blood flow. With this technique, an array terest enclosing the posterior wall, free wall, anterior wall ini] 


- of detectors is arranged in a ring around the patient's chest; interventricular septum were identified by 2 participating - 
the twin photons arising from positron annihilation radiation investigators. A mean of 9 peak pixel values was calculated _ i 
are then recorded in the form of a “slice” or tomogram through in each region of interest, and these same pixels were chosen _ 
the chest at the level of the middle of the left ventricle. in the subsequent tomograms for each patient to describe 
Attenuation correction and calibration of the detectors serial changes from control to each intervention.” If regiona [3 r 


were used without partial volume correction with repeated values had differed by more than 5% between observe i 
observations, permitting each patient to act as his or her own third observer would have repeated the analysis; however, th his 
control.® was not necessary. 

Rubidium-82 was intermittently eluted from a strontium- Statistical considerations: Heart rate, blood pressure - 
rubidium generator and given intravenously. Tomograms were regional myocardial uptake of Rb-82 were expressed as me an 
recorded during and after 2 to 3 minutes of constant intrave- values, with standard deviations for the group. Inhomoge ai ty 
nous infusion. The first tomogram, recorded during infusion, in regional responses when measuring the uptake of Ro 
provided a measure of the arterial concentration delivered to compared with the response of a group of normal subjects, 


the cavity of the left ventricle; the second tomogram, recorded previously published.5? Changes in heart rate, blood pressure 
after infusion, provided a measure of regional activity achieved and regional uptake of Rb-82 between the control state ai 


in each segment of the myocardium. The relation between the each intervention were tested by t tests for paired data u aa | 
delivered arterial concentration and the concentration in each each patient as his or her own control. oa 
myocardial segment provided a measure of uptake of Rb-82 

(ml/g/min X extraction). This technique, which has been Results 

described in experimental situations and in man, can provide - 
an accurate measure of directional changes in regional myo- A review of the history of angina pectoris for each 
cardial blood BOW, regional decreases in myocardial perfusion patient revealed the following characteristics: 12° pw - 
and ischemia. tients had angina on effort only; none had angini um at 


Regional myocardial uptake of Rb-82, heart rate, blood 
pressure, the electrocardiogram and episodes of chest pain occurred only at rest; 20 patients had a history of a 


were all recorded as follows: (1) under control conditions; (2) 
before, during and after a symptom-limited supine bicycle 


associated with variable degrees of exertion kya ess a 
frequent episodes of angina at rest; and 48 had a history 


exercise test using a Bruce protocol (This test was terminated of angina with variable exertion and angina associated D 
if systemic blood pressure fell by more than 15 mm Hg or if with one or more of the following: emotion, cold, mea s 
ST-segment depression exceeded 5 mm; 80 tests were per- at nighttime. i 
formed); (3) before, during and after a cold pressor test in Holter monitoring of ischemic ST-segment de- 
which the patient's hand and forearm were immersed in cold pression outside the hospital: Sixty-six of 80 patient 
water for 3 to 5 minutes (20 tests were performed); and (4) underwent ambulatory monitoring, and 47 demon- 1- 


during and after any spontaneous disturbance of the ST seg- strated episodes of abnormal ST-segment depressic 
ment of 1 mm or more 280 ms in duration and lasting for at as previously defined. The group as a whole showetl 
least 3 minutes, i.e., the time required to measure the regional to ae of 519 opis ndesnt ST-seginent depression during 


myocardial Rb-82 uptake (22 such episodes were studied). A 
Analysis of positron emission tomography: Serial to- 132 days of Holter monitoring; 81 episodes (15. 6%) x were 


mograms for each patient were reconstructed, followed by a accompanied by chest pain, while the remaining 4 438 
pixel-by-pixel calculation of the uptake of Rb-82. The tomo- episodes (84.4%) were asymptomatic. The onal of | 
grams were recorded as images and in a matrix of 100 X 100 episodes per day ranged from 1 to 34 (Fig. 1). 





FIGURE 1. These electrocardiographic 
complexes each represent 1 sample 


from 11 crescendo-decrescendo epi- Heart Rate beats/min. 
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Measurement of coronary blood flow using pos- 

itron emission tomography: As previously published, 
each tomogram of the myocardium using Rb-82 yielded 
250,000 to 500,000 counts, with blood activity consti- 
tuting less than 20% of myocardial activity during re- 
cordings of the second tomogram.’ A significant positive 
correlation was noted between the activity of Rb-82 in 
the left ventricular cavity measured by means of posi- 
tron emission tomography and the activity in arterial 
blood samples measured simultaneously in a calibrated 
well counter (Y = 1.01X + 0.32 counts/s/ml; r = 0.99; n 
= 35). 
_ Exercise testing: During 80 exercise tests, 72 pa- 
tients complained of chest pain, 71 demonstrated ab- 
normal ST-segment depression and all 80 patients de- 
veloped significant inhomogeneity, i.e., regional 
inequalities in the uptake of Rb-82 (p «0.01). However, 
patients were arbitrarily divided according to the di- 
rectional changes in the uptake of rubidium that were 
measured in the affected segment. The affected segment 
was identified because the response deviated by more 
than 2 standard deviations from that seen in normal 
subjects under the same circumstances.^? Differences 
in Rb-82 uptake between remote and affected segments 
generated by exercise were significant (p «0.01). In 
addition, the affected segments demonstrated 1 of 3 
different responses: (1) a modest increase in uptake with 
exercise (from 0.49 + 0.06 to 0.51 + 0.07 ml/g/min X 
extraction in 12 patients, difference not significant); (2) 
no significant change in uptake with exercise (from 0.38 
+ 0.08 to 0.38 + 0.08 in 16 patients); and (3) an absolute 
decrease in regional uptake (from 0.63 + 0.10 to 0.39 + 
J.11 in 52 patients, p <0.1) (Fig. 2). 
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EXERCISE RECOVERY 


FIGURE 2. Regional myocardial uptake of rubidium-82 (ml/g/min X 
extraction) from a patient with chronic stable angina and 3-vessel 
zoronary disease. The tomogram at rest (control) demonstrates uptake 
n the posterior wall, free wall, anterior wall of the left ventricle and also 
he interventricular septum. The central left ventricular cavity and 
d0sterior mitral orifice are shown. Mental arithmetic causes a decrease 
n regional myocardial perfusion in the anterior wall of the left ventricle, 
vith subsequent recovery (second control). This regional disturbance 
s reproduced by exercise. 
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Cold pressor test: During 20 cold pressor tests, $ 


patients developed angina pectoris while 5 showed 
significant ST-segment depression. All 20 patients 


showed abnormal distribution of regional coronary * 


blood flow with the development of inhomogeneous 
uptake of Rb-82. As with exercise, at least 2 myocardial 
segments showed an increase in uptake with the cold 
pressor test from 0.50 + 0.06 to 0.59 + 0.09 (p «0.01), 
while in the abnormal segments, uptake decreased from 
0.53 + 0.09 to 0.46 + 0.07 (p «0.01). These results also 
differed significantly from the results in normal subjects 
(p <0.01) (Fig. 3). 

Spontaneous ischemia: On 23 occasions, unpro- 
voked, transient and significant disturbances of regional 
coronary blood flow occurred. Tomography during and 
after the event showed a small but significant increase 
in uptake of Rb-82 (0.50 + 0.06 to 0.58 + 0.08, p <0.01) 
in at least 2 of the 5 segments of the myocardium. 
However, at least 1 affected segment demonstrated a 
significant decrease in uptake (0.50 + 0.08 to 0.40 + 0.06, 
p <0.01) in all of these patients. Chest pain occurred 
during 7 episodes, and ST-segment depression occurred 
during 11 of the 23 episodes. All the episodes of chest 
pain and ST-segment depression were accompanied by 
a significant disturbance in regional myocardial per- 
fusion. 
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FIGURE 3. These tomograms used rubidium-82 to assess directional 
changes in regional myocardial perfusion. The patient has angina and 


3-vessel coronary disease. The cold pressor test caused a regional | 


decrease in perfusion in the free wall of the left ventricle. This is quite 
asymptomatic and persists for 20 minutes, with recovery shown at 30 
minutes after cold pressor test. 
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Segmental disturbances of myocardial perfusion: 
Thirty-three of the 80 patients underwent more than 
øl provocative test. In all cases, the same myocardial 
, segment showed disturbed perfusion with exercise, cold 
stimulation and during spontaneous events. 


Discussion 


Although the patients in this study presented with 
different forms of angina pectoris, all of them had a 
number of characteristics in common. All had asymp- 
tomatic as well as symptomatic episodes of transient 
ischemia shown by ambulatory monitoring of ST-seg- 
ment depression while active outside the hospital. When 
tested in the hospital, these patients also showed fre- 
quent asymptomatic disturbances of regional coronary 
blood flow. Most of these disturbances occurred with 
ordinary, everyday activities and were not caused by. 
physical exertion involving marked increases in heart 
rate and blood pressure. When regional coronary blood 
flow was examined during exercise, cold stimulation and 
spontaneous events, these disturbances frequently in- 
cluded an absolute decrease in the regional uptake of 
Rb-82, suggesting a decrease in myocardial blood flow 
in the affected segment. 

All of these findings suggest certain new general 
features characterizing the activity of clinical ischemic 
heart disease. Such features may not be apparent from 
the history of angina and the results of diagnostic tests 
ordinarily performed in the hospital. 

Holter monitoring of transient ischemia outside 
of hospital: Although the symptoms of angina can vary, 
a number of clinical studies have shown that the ma- 
jority of patients with typical chronic stable angina 
exhibit frequent asymptomatic episodes of ST-segment 
depression outside the hospital.?-? These frequent ep- 
isodes of ST-segment depression are interpretable only 
in patients in whom the diagnosis of CAD is secure, 
following the exclusion of circumstances known to dis- 
tort the ST segment.%:!° In this setting, transient ST- 
segment depression appears to be consistently related 
to underlying disturbances of regional coronary blood 
flow. 

Positron emission tomography to assess coronary 
blood flow: This technique uses a single array of de- 
tectors and therefore records from a slice of the heart 
that transects the midportion of the left ventricle and 
is 1.7 cm thick. Although tomography improves the 
spatial localization of regional events, the technique has 
limited resolution because the signal can be affected by 
cardiac motion and the device records events in 4- to 
6-minute intervals. Rubidium-82 is a short-lived cation 
and its uptake by the myocardium is determined by 
both myocardial perfusion and extraction. The latter 
may be influenced by metabolic disturbances, and ex- 
perimental results suggest that regional myocardial 
uptake of Rb-82 underestimates increases in perfusion 
but represents decreases in perfusion and ischemia more 
accurately.’ 

Transient ischemia out of hospital: This study and 
other published reports suggest that the majority of 

. patients with angina and CAD have episodes of 
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asymptomatic as well as symptomatic transient isch- ^2 
emia outside the hospital, and these potentially dam- . - 
aging events are not apparent from the history, physical — 
examination or conventional diagnostic tests conducted — 
in the hospital2-? Evidence from Holter monitoring  . 
leads the clinical investigator to ask 2 questions: (1) 
What pathophysiologic events cause exacerbation and . 
remission in the activity of myocardial ischemia? (2) — 
What role do the diseased epicardial coronary arteries 
play in causing these events? A 

In their clinical studies, Stern and Tzivoni?? con- 
cluded that physical exercise was not frequently asso- 
ciated with episodes of transient ST-segment depression 
outside the hospital. Schang and Pepine* further not ec ; 
















































that most of these episodes occurred during minimal 
physical activity and in the absence of emotional dis- 

tress. Although Deanfield et al? found that most epi- 
sodes were not preceded by an increase in heart rate. :J 
Quyyumi et al!! did report small increases in heart rate - 
before most episodes of ST-segment depression occur- - 
ring at night. E 

Those who found no increase in heart rate before the 

onset of ST-segment depression have speculated that | 
there is therefore no increase in myocardial oxygen — 
demand to account for these events, and that one pos- — 
sible cause of the ischemic event may be a transient - 
reduction of coronary blood flow. This tempting hy- - 
pothesis needs to be examined much more closely b b- 
cause (1) it ignores the decrease in the frequency of 
episodes at night when heart rate and blood pressure are 
lower; (2) marked increases in heart rate and blood - 
pressure are seen in the morning on awakening, and this | 
is followed by the greatest density of episodes of ST- — 
segment depression between 6:00 AM and noon; and - 
finally, (3) heart rate and blood pressure are constantly - 
changing, with complex alterations in the frequency of - 
episodes of ST-segment depression throughout the c ay. — 


M 


The effects of all these different changes, which are 
governed by the sympathetic and parasympathetic | 
systems, have not been examined closely in relation ' o | 
episodes of ST-segment depression. B 
It is also true that the product of heart rate and blood — 

pressure, the double product, will generally indicate - 
myocardial oxygen demand (MVO;). This calculation, 
however, ignores changes in ventricular volume and wall 
tension, both of which contribute to MVO; and v ill 
change with posture during everyday activities. For — 
example, Balady et al!? have shown that arm and le re 
exercise can produce the same changes in heart rate and — 
blood pressure; however, MVO? is significantly greater - 
with leg exercise at any given level of the double prod- - 
uct. This evidence, along with the fact that the onset of — 
ST-segment depression may not necessarily indicate the — 
onset of ischemia, implies that simple changes in heart — 
rate and blood pressure alone should be used with - 
caution when one is looking for causes of transient — 
ischemia. y 
Brown,!3 Ganz!4 and their co-workers have shown — 
that the severity of epicardial stenoses in patients with © 
angina is underestimated by conventional arteriogra- a 
phy, and the majority of these patients have severe re- A 
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`- ductions in cross-sectional area and transstenotic 
. . pressure gradients at rest. An elevation of this pressure 
gradient, a fall in poststenotic perfusion pressure and 
transient failure of subendocardial blood flow may all 
occur in response to changes in blood pressure, con- 
 tractility, ventricular volume and small changes in 
_ MVO». All of these possible mechanisms need to be 
. investigated. 
= Disturbances in regional coronary blood flow: In 
- this study, we used positron emission tomography to 
- show that transient ST-segment depression in patients 
— with angina and coronary disease is related to under- 
. lying disturbances of regional coronary blood flow.? 
_ These disturbances in perfusion of poststenotic seg- 
. ments of the myocardium were often not accompanied 
_ by symptoms and occurred in association with a variety 
_ of ordinary, everyday activities (exercise, cold, spon- 
- taneous events) as well as with different levels of mental 
. arousal and cigarette smoking.!5-1? It was puzzling to 
. find that regional coronary blood flow decreased in the 
. affected segments during the majority of provocative 
- tests.1?-?! In these experiments, measurements of re- 
- gional coronary blood flow were made during control 


_ periods and once again at the peak of the intervention, 
- so that the absolute reduction in perfusion could be part 
. of a sequence of events and not necessarily the cause. 
_ Nevertheless, all these findings invite the same ques- 
. tion: What mechanisms in the epicardial coronary ar- 
_ teries cause these events when studied in circumstances 
. relevant to the patient's normal activities outside of the 
. hospital? 

» Characteristics of myocardial ischemia in and 
- out of the hospital: Although all of the patients in this 
- study complained of typical angina pectoris, they also 
exhibited certain common pathophysiologic features 
- that did not appear to be related to the character of their 
. symptoms. Asymptomatic as well as symptomatic epi- 
. sodes of transient ischemia occurred frequently with 
- ordinary, everyday activities outside the hospital. These 
events appeared to be accompanied by reductions in 
. regional perfusion of the affected segment and were 
associated with modest physical activity and different 
. levels of mental arousal. Until now, these features of 
» ischemic heart disease have not been evident from 
findings on history, physical examination and conven- 
_ tional diagnostic testing., 

- In addition to silent ischemia, there are many other 
silent but potentially damaging forms of CAD, including 
_ long-standing asymptomatic coronary atherosclerosis, 
_ patchy scarring of the left ventricle and approximately 


, 
mis 


- one-fourth of all instances of myocardial infarction and 


» 






may now be possible to look for the causes of transient 
ischemic activity (with exacerbations and remissions) 
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in circumstances that are relevant to the patient’s daily 
life. (2) In the management of patients with angina, one 
might consider stratification according to the charactere 
and causes of the transient ischemia in an attempt to 
provide more rational choices when embarking on trials 
of treatment. (3) Information obtained outside the 
hospital would allow the investigator to test the hy- 
pothesis that both symptomatic and asymptomatic 
transient ischemia influence the progress of the disease, 
and that both types need to be controlled to produce 
remission and lasting benefit for the patient. 
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